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ADDITIONAL AND DISSENTING VIEWS OF 

VICE CHAIRMAN SUSAN W .  LIEBELER 

I join in the Commission majority's determination that 

there is a violation of section 337 of the Tariff Act of 1930 

by virtue of the importation of aramid fiber made by a process 

that infringes claim 13 of U.S. Letters Patent 3,767,756 ('756 

patent). I do not join with their opinion on the issues of 

remedy and public interest. I dissent from the majority's 

determination that the appropriate remedy in this investigation 

is a limited exclusion order covering only "basicii forms of 

aramid fiber. I believe the Commission should have sought 

additional information on the issue of remedy to determine 

whether a broader exclusion order should have been 

fashioned.' Furthermore, I believe the majority has ' 

established a new standard for injury that is not in accord 

with the statutory language. In these additional and 

dissenting views. I set forth my own views on injury, remedy, 

and public interest. 

lThe Commission could have requested additional information 
by approving the request contained in action jacket GC-85-156. 
Action jacket GC-85-156 recommended that the Commission request 
additional information regarding (1) the TSUS numbers of the 
products that complainant DuPont wants excluded: (2) the 
percentage of manufacturing cost represented by aramid fiber in 
a particular finished product; (3) and the anticipated volume 
of imports for each type of product specified. Such 
information would have enabled the Commission to draft the 
appropriate order. Action jacket GC-85-156 was disapproved by 
a vote of 3 to 2. 



Section'337(a) declares unfair methods of competition to be 

unlawful: 

Unfair methods of competition and unfair acts in the 
importation of articles into the United States, or in their 
sale . . ., the effect or tendency of which is to destroy 
or substantially injure an industry, efficiently and 
economically operated, in the United States, or to prevent 
the establishment of such an industry . . . are declared 
unlawful . 2 

In the instant investigation, the ALJ determined that imports 

of aramid fiber made by a process that infringes claim 13 of 

the ' 756  patent have the tendency to cause substantial injury 

to the domestic indu8try.j 

findings. 

The Commission has adopted these 

Once the Commission has determined that there is a 

violation of section 337(a), section 337(d) directs the 

Commission to exclude the offending articles from entry into 

the United States unless considerations of public interest 

dictate otherwise. The operative language of section 337(d) is 

as follows: 

If the Commission determines . . . that there is a 
violation of this section, it shall direct that the 
articles concerned . . . be excluded from entry into the 
United States. unless, after considering the effect of such 
exclusion upon the public health and welfare, competitive 
conditions in the United States economy, the production of 
like OK directly competitive articles in the United States, 
and United States consumers, it finds that such articles 
should not be excluded from entry.4 

219 U.S.C. S 1337(a) (1982). 

3 1 D  at 452. 
419 U.S.C. S 1337(d) (1982). 

2 
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NOTICE OF ISSUMCE OF LIMITED EXCLUSION ORDERC.” 
- I  .. & 

\. 

AGENCY: U.S.  International Trade Commission. 

ACTION: Notice is hereby given that the Commission has issued a limited 
exclusion order in the above-captioned inwastigation prohibiting the 
unlicensed importation of certain aramid fiber in the form of fiber, yarn, 
pulp, staple, chopped fiber, paper, felt, or fabric, manufactured abroad by 
Akzo N . V . ,  Enka N.V., Aramide Maatschappij VoP., or Akzona, fnc. or any of 
their affiliated companies, parents, subsidiaries, licensees, or other related 
business entities, or their successors or assigns. 

FOR FURTHER INFORllATIOU COWACT: Catherine R .  Field, Esq., Office of the 
General Counsel, U.S. International Trade Commission, telephone 202-523-0189. 

SUPPLEMEMTARY INFORMTION: On April 18, 1984, the Comission received a 
complaint tiled on behalf of E.I. du Pont de Nemours 61 Co. (Du Pont) of 
Wilrnington, Delaware. The complaint alleged unfair methods of competition and 
unfair acts in the importation or sale of certain aramid fiber. On Hay 14, 
1984, the Commission votod to institute an investigation to detennine whether 
there was a violation of subsection (a) of.section 337 of the Tariff Act of 
1930, 19 U.S.C. 1337, and 19 U . S . C .  S 13370, in the unlawful importation of 
certain aramid fiber into the United States or in its sale, by reason of 
alleged production of such fiber overseas by moans of a process allegedly 
covered by the claim of U.S.  Letters Patent 3,767,756, the effect or tendency 
of which is to destroy or substantially injure an industry, efficiently and 
economically opor8ted, in the United States. 49 Fed. Reg. 21806. The notice 
of investigation npnud tho following respondents: Akzo U.V., Enka B.V., and 
Aramide Maatschappij VoF, all of the Netherlands, and Akzona, Inc., of Enka, 
North Carolina. 

On July 15, 1985, the Comisrion affirmed the initial determination (ID) of 
the presiding administrativo law judge (ALJ) that there was a violation of 
section 337 of the Tariff Act of 1930 in the unauthorized importation into the 
United States, and in the sale, of certain aramid fibers manufactured abroad 
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by a process that, if practiced in the United States, would infringe claim 13 
of the ,756 patent with the tendency to substantially injure an industry, 
efficiently and economically operated, in the United States. 50 Fed. Reg. 
30246. 

The Commission published a notice in the Federa Reaister requesting 
mitten submissions on the issues of remedy, public interest, and bonding. In 
addition to submissions from the parties to the investigation, the Comission 
received comments from the Government of the Netherlands, the Delegation of 
the European Communities, the U.S. Customs Service, and several members of the 
public. 

Copies of the Commission's Action and Order, the nonconfidential version 
of the ALJ's ID, and all other nonconfidential documents filed in connection 
with this investigation are available for inspection during official business 
hours (8:45 a.m. to 5:15 p.m.1 in the Office of the Secretary, U.S. 
International Trade Commission, 701 E Street MJ., Washington, D.C. 20436, 
telephone 202-523-0161. Hearing-impaired individuals are advised that 
information on this matter can be obtained by contacting the Commission's TDD 
terminal on 202-724-0002. 

BY order of the Comission. 

Secretary 

Issued: November 25, 1985 



UUITED STATES INTERNATIONAL TRADE COkQfISSIObl 
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In the Xatter of ) 
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CERTAIN =ID FIBER 1 
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Investigation No. 337-TA-194 

COLMISSION ACTIOU MID ORDER 

Background 

On April 18, 1984, the Commission received a complaint filed on behalf of 

E.I. du Pont de Wemours & Co. (Du Pont) of Wilrnington, Delaware. The 

complaint alleged unfair methods of competition and unfair acts in the 

importation or sale of certain aramid fiber. On Xay 14, 1984, the Commission 

voted to institute an investigation to determine whether there was a violation 

of subsection (a) of section 337 of the Tariff Act of 1930, 19 U.S.C. S 1337, 

and 19 U.S.C. S 13370, in the unlawful importation of csrtain aramid fiber 

into the United States or in its sale, by rearoq of alleged production of such 

fiber overseas by means of a process allegedly covered by the claims of U.S. 

Letters Patent 3,767,756 (the '756 patent), the effect or tendency of which is 

to destroy o r  substantially injure an industry, efficiently and economically 

operated, in the United States. 49 Fed. Reg. 21806. The notice of 

investigation named the following respondents: Akzo N.V., Enka B.V., and 

Aramide Xaatschappij VoF, all of the Netherlands, and Akzona, Inc. , of Enka, 
North Carolina. 
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On July 15, 1985, the Conrmiasion affirmed the initial determination (ID) 

of the presiding administrative law judge (ALJ) that there was a violation of 

section 337 of the Tariff Act of 1930, in the unauthorized importation into 

the United States, and in the sale of certain aramid fiber manufactured abroad 

by a process that, if practiced in the United States, would infringe claim 13 

of the '756 patent with the tendency to substantially injure an industry, 

efficiently and economically operated, in the United States. 50 Fed. Reg. 

30246 

The Comxnission published a notice in the Federal Rertister requesting 

written submissions on the issues of remedy, public interest, and bonding. In 

addition to submissions from the parties to the investigation, the Comission 

received comments from the Government of the Uetherlands, the Delegation of 

the European Communities, the U.S. Customs Service, and several members of the 

public. 

Action 

After reviewing the submissions on remedy, public interest, and bonding, 

and the evidence and information relating -to those issues on the record, the 

Commission has determined to issue a limited exclusion order prohibiting the 

encry of aramid fiber in the form o f  fiber, yarn, pulp, staple, chopped fiber, 

paper, felt, or fabric, made abroad by Akzo U . V . ,  Enka W.V., Aramide 

Haatschappij V o F . ,  or -zona, Inc., or any of their affiliated companies, 

parents, subsidiaries, licensees, or other related business entities, o r  their 

successors or assigns, by a process that, if practiced in the United States, 

would infringe claim 13 of U.S. Letters Patent 3,767,756, except under license 

of the patent owner or as provided by law. 
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The Commission has a l s o  determined that the publ ic  interest  factors  

enumerated i n  sect ion 337(d) o f  the Ta r i f f  Act o f  1930 do not preclude 

issuance of such an exc lus ion  order and that the bond during the Pres ident ia l  

review period should be in the amount o f  30  percent of  the entered value o f  

the a r t i c l e s  covered, 

Order 

Accordingly, i t  i s  hereby ORDERED THRT- 

1. 

2 

Wamid f i b e r  i n  the form of f i b e r ,  yarn, pulp, staple,  chopped 
f i be r ,  paper, f e l t ,  o r  fabr ic ,  made abroad by Rkzo N .V . ,  Enka 
N . V . ,  Rramide Maatschappij UDF. ,  o r  Rkzona, I n c . ,  o r  any o f  
t he i r  a f f i l i a t e d  companies, parents, subs id ia r ie s ,  l icensees,  o r  
other related business  en t i t i e s ,  o r  t he i r  successors o r  a s s i gn s ,  
by a process that, if practiced in  the United States,  would 
in f r inge  claim 13 o f  U.S, Letters  Patent 3,767,756, sha l l  be 
excluded f o r  the remaining l i f e  o f  the patent, except under 
l icense of the patent owner o r  a s  provided by law; 

The aramid f i b e r  ordered to  be excluded i s  ent i t led  to  entry 
in to  the United States under bond i n  the amount o f  30 percent o f  
the entered value o f  the subject a r t i c l e ,  from the day after  
t h i s  order i s  received by the Pres ident,  pursuant t o  subsection 
(9)  of  sect ion 337 o f  the Ta r i f f  Rct o f  1930, u n t i l  such time as 
the Pres ident no t i f i e s  the Commission that he approves o r  
disapproves this  act ion,  but, no l a te r  than 60 days after the 
date of rece ipt  o f  t h i s  act ion  and order by the Pres ident;  

3. Pursuant t o  procedures to  be spec i f ied  by the U . S o  Customs 
Serv ice,  persons seeking t o  import aramid f i b e r  i n  the forms 
covered by t h i s  Order s h a l l ,  p r i o r  to  the entry o f  such f iber  
i n to  the United S tates ,  ce r t i f y  that the manufacturer o f  such 
f i b e r  is E . I .  du Pont de Nemours 6 Co. o r  a l icensee of  E , I ,  du 
Pont de Nemours 6 Co . ;  

4 .  The Commission may amend t h i s  Order i n  accordance with the 
procedure described in  19 C , F , R .  s 211.57;  and 

5 .  The Secretary s h a l l  serve a copy o f  t h i s  Rct ion  and Order and of 
the Commission Opinion in  support thereof upon each party of 
record t o  t h i s  invest igat ion,  the Department o f  Jus t i ce ,  the 
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Federal Trade Comission, and the Secretary of the Treasury and he shall 
publish notice thereof in the Federal Register; 

By order of the Commission. 

Issued: November 25, 1985 

Secretary 



U.S. INTERNATIONAL TRADE COMMISSION 
Washington, D . C .  

) 
In the Matter o f  

) 
CERTAIN ARAMID FIBER ) 

1 

Investigation No, 337-TA-194 

COWIISSION OPINION ON VIOLATION, REMEDY, PUBLIC INTEREST, AND BONDING &/ 

On May 9, 1985, the presiding administrative law judge (ALJ) issued an 

initial determination (ID) finding that there is a violation of section 337 of 

the Tariff Act of 1930, 19 U.S.C. g 1337,' in the unauthorized importation into 

the United States, and in the sale of certain aramid fiber by reason of 

infringement of claim 13 of U . S .  Letters Patent 3,767,756 ('756 patent), with 

the tendency to destroy or substantially injure an industry, efficiently and 

economically operated, in the United States 

On July 15, 1985, the Commission determined to review a portion of the ID 

relating to the validity of the '756 patent. The ALJ made no specific finding 

of fact regarding the level of ordinary skill in the art. It appeared from 

the ID, however, that the ALJ resolved this question and analyzed the issues 

of anticipation and obviousness in light of his conclusions. In the absence 

of express findings on the level of ordinary skill in the art, however, the 

Commission examined the record in this investigation and reached a conclusion 

1 /  Vice Chairman Liebeler dissents from those portions of this opinion 
relating to remedy and public interest. 
Additional and Dissenting Views infra, 

See Vice Chairman Liebeler's 
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on this point, Based upon its conclusions regarding the level of ordinary 

skill in the art, the Commission affirmed the RLJ's finding with reqard to 

obviousness and anticipation and that the '756 patent is valid. The 

Commission determined not to review the remainder of the ID and, thus, the 

Commission concludad that there is a violation of section 337 in this 

investigation, 50 Fed. Reg, 30246. 

Having determined that there is a violation of section 337, the 

Cornmission requested and received written submissions on the issues of remedy, 

public interest, and bonding. In addition to submissions from Du Pont, Akzo, 

and the investigative attorney (Io) ,  several parties, including the Government 

of the Netherlands, the Delegation of the Commission of the European 

Communities, and U . S .  users of aramid fiber, filed comments on the public 

interest considerations. 

PROCEDURAL HISTORY 

On April 18, 1984, the Commission received a complaint filed on behalf of 

Du Pont pursuant to sections 1337 of the Tariff FIct of 1930, 19 U.S.C. § 1337 

and 19 U.S,C. g 1337a. The complaint alleged unfair methods of competition 

and unfair acts in the importation of certdin aramid fiber into the United 

States, or in its sale, by reason of alleged ( 1 )  production overseas by a 

process alleqedly covered by the claims of U.S. Letters Patent 3,767,756, and 

(2) unfair methods of competition by misappropriation of benefits of Du Pont's 

investments in the development of commercial uses and customers for aramid 

fiber. The complaint also alleged that the effect or tendency of the unfair 

methods of competition and unfair acts is to destroy or substantially injure 

an industry, efficiently and economically operated, in the United States. On 

May 14, 1984, the Commission ordered that an investigation be instituted to 
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determine whether there was a v io la t ion  of sect ion 337(a) i n  the unlawful 

importation o f  certa in  aramid f i b e r  into the United States,  o r  i n  i t s  sa le,  by 

reason of al leged production o f  such f iber  overseas by means o f  a process 

al legedly covered by the claims o f  the '756 patent, the effect o r  tendency o f  

which i s  to  destroy o r  substant ia l ly  injure an industry,  e f f i c i en t l y  and 

economically operated, i n  the United States.  2/ 

The evidentiary hearing on v i o l a t i on  commenced on February 11, 1985, and 

concluded on February 23, 1985. Pursuant t o  r u l e  210.53(g) o f  the 

Commission's Rules of  Pract ice and Procedure, 3/ the ALJ reopened the record 

on February 28, 1985, and March 5 ,  1985, t o  hear addit ional  rebutta l  

testimony. The ALJ heard c l o s i ng  arguments on March 19, 1985. 

On May 9 ,  1985, the ALJ issued h i s  I D  f ind ing  that there was a v i o l a t i on  

of  sect ion 337 i n  the unauthorized importation in to  the United States,  and i n  

the sa le  of  cer ta in  aramid f i b e r  by reason o f  infringement o f  c la im 13  of  the 

'756 patent, with the tendency to  substant ia l ly  injure  an industry,  

e f f i c i en t l y  and economically operated, i n  the United S tates .  The ALJ made the 

fol lowing conclus ions o f  law in  the I D :  

1. Claim 13 of U . S .  Letters  Patent 3,767,756 i s  not 

2 .  Claim 13  of the '756 patent i s  not  unenforceable 
i n va l i d  under 35 U.S.C. § §  102, 103, and 112. 

because o f  any misconduct, v i o l a t i on  of the an t i t r u s t  
laws o r  patent misuse, o r  for any reason based on the 
record before the ALJ. 

3 ,  Claim 13 of the '756 patent has been inf r inged by each 
of the respondents. 

4 .  There is a domestic industry i n  the manufacture o f  
aramid f i be r  which i s  e f f i c i en t l y  and economically 
operated I 

the '756 patent has not substant ia l ly  injured the 
domestic industry.  

5 ,  Importation o f  the aramid f i b e r  made by claim 13  o f  

- 2/ 49 Fed. Reg. 21806. 
- 3/ 19 C . F , R ,  5 Z10853(g ) .  
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6 ,  Importation of the aramid fiber made by claim 13 of 
the '756 patent does have the tendency to 
substantially injure the domestic industry. 

7. There is a violation of section 337 of the Tariff Act 
of 1930, as amended, 19 U.S.C. 5 1337, by each of the 
respondents, 

ID at 452. 

The Commission has determined to review only the ALJ's conclusion that claim 

13 o f  the '756 patent is not invalid under 35 U,S.C. § §  102 and 103. 

VALIDITY OF CLAIM 13 OF THE '756 PATENT 

In the ID, the fiLJ noted the statutory presumption of validity under 35 

u . S . C .  282. In light of that presumption, Akzo must establish invalidity of 

the '756 patent by clear and convincing evidence. In attempting to establish 

the invalidity of the '756 patent, Akzo relied primarily upon two references: 

Monsanto's Morgan '645 patent and Du Pont's Kwolek '542 patent. Both of these 

patents were of record during the prosecution of the '756 patent and provided 

the basis for the patent examiner's initial rejections of the '756 patent, Du 

Pont, however, overcame those objections and the '756 patent issued. The 6LJ  

noted that this prosecution history increases the burden on the party 

asserting invalidity because that party has the additional burden of 

overcoming the deference that is due to a qualified government agency (the 

U . S .  Patent and Trademark Office) presumed to have properly done its job. ft/ 

A. No anticipation of claim 13 under 35 U . S . C .  S 102 

Anticipation under 35 U.S.C. cj 102 requires disclosure of each and every 

4 /  ID at 37-38, citing, Fromson v. Advance Offset Plate, Inca, 755 F.2d 1549 
(Fed. Cir. 1985); American Hoist 6 Derrick Co. v .  Sowa 6 Sons, Inc., 725 F.2d 
1350, 1359, 220 USPQ 763, 770 (Fed. Cir. 1984), 

6 
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element o f  the claimed invention i n  a s inqle p r i o r  a r t  reference. ?/ 

addit ion,  the relevant reference must be an enabling d i sc lo sure  to the extent 

that the p r i o r  art places the a l legedly  d i sc losed matter i n  the possess ion  of  

the pub l i c .  g/ 

I n  

Tha ALJ's ana l y s i s  of what the al legedly ant ic ipatory  patents d i sc losed 

and whether that d i sc lo sure  const ituted the necessary enablement was based i n  

part on how a person o f  ordinary s k i l l  i n  the art would interpret the 

al legedly ant ic ipatory  p r i o r  art at the time o f  the ' 7 5 6  invention. Thus, for  

example, the ALJ found that the Morgan ' 6 4 5  patent was not ant ic ipatory  i n  

that it does not d i s c l o se  a process invo lv ing  su l f u r i c  ac id  o f  "at leas t  98%'' 

concentration a s  required by a l l  of the claims o f  the ' 7 5 6  patent. Th is  

concentration i s  c r i t i c a l  f o r  the formation o f  the an i sotropic  dopes used in  

the ' 7 5 6  patent c la ims,  The ALJ found that concentrated su l f u r i c  ac id  i s  not 

inherently s u l f u r i c  ac id  o f  at l ea s t  98 percent. The ALJ noted that Du Pont 

used the term concentrated s u l f u r i c  ac id  t o  re fer  to  concentrations as  low a s  

95 percent and a l s o  made f ind ings  regarding the common understanding of  the 

term concentrated su l f u r i c  ac id  a s  demonstrated in various t ex t s .  I/ The ALJ 

rejected Flkzo's argument that the Smith '125 patent referred to  i n  the ' 6 4 5  

patent and the rec i t a t i on  o f  "concentrated s u l f u r i c  acid"  i n  the ' 6 4 5  patent 

taught that the s u l f u r i c  ac id  was of a t  leas t  98 percent concentration. S/ 

The ALJ rejected Akzo's argument that s c i en t i s t s  within Du Pont would 

have understood (o r  interpreted) the term concentrated su l f u r i c  ac id  a s  used 

5/  I D  a t  38,  c i t i n q  amonq others ,  Connel v .  Sears,  Roebuck 6 Co. ,  722 F .2d  
1542,  220 USPQ 193 (Fed. C i r .  1983) ;  SSIH Equipment S . A .  v .  USITC, 718 F.2d 
365, 218 USPQ 678 (Fed. C i r .  1 9 8 3 ) .  

(C.C.P,Fl,  1 9 6 4 ) .  
6/ Id., c i t i n q ,  11 9 Brown, 329 F.2d  1006, 1011, 141 USPQ 245,  249 

- 7/ Finding o f  Fact (FF) 3 8 9 ,  
- 8/ 3,  a t  4 1 .  
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in the '645 patent to mean a concentration of at least 98 percent and suitable 

for making anisotropic dopes of 4,4'-DABT. ?/  It is clear from these two 

points that the ALJ considered the ordinary level of skill in the art in 

assessing how practitioners in the field would interpret the allegedly 

anticipatory prior art. 

6 .  Nonobviousness of claim 13 under 35 U.S.C. § 103 

The ALJ found that claim 13 was not obvious under 35 U.S.C, 5 103. Again 

it is clear that the ALJ considered the ordinary level of skill in the art at 

the time of the invention. Indeed, the ALJ cited testimony of Du Pont's 

expert witness, Or. Uhlmann, to the effect that one skilled in the art would 

be directed by the teachings of various prior art patents not to combine 
them. FF 340. 

Although the ALJ implicitly analyzed the level of ordinary skill in the 

art, lo/ we recognize that the FILJ did not make an express finding of fact on 

this point. In an effort to clarify any ambiguity on this point, we have 

examined the record and reached our own conclusion on this issue. lJ/ 

Moreover, our finding on the level of ordinary skill in the art at the time of 

the Blades invention is consistent with the ALJls conclusions regarding 

anticipation and obviousness. 

Among the factors which we considered in assessing the level of ordinary 

skill in the art are ( 1 )  the educational level of the inventor, (2) the 

9/ FF 389 lists various definitions of concentrated sulfuric acid dating 
from 1952 to 1984. 
available 96 percent sulfuric acid and acids oleum in a ratio of 1 1  to 9 oleum 
to make sulfuric acid of approximately 100 percent concentration. FF 390. 
10/ ID at 55; ACS Hospital Systems, Inc. v .  Montefiore Hospital, 732 F . 2 d  

1572, 1576 (Fed. Cir, 1984). 
- 1 1 /  See Jones v.  Hardy, 727 F . 2 d  1524 (Fed. Cir. 1984). 

Moreover, the ALJ noted that Akto buys commercially 
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various prior art approaches employed, (3) the types of problems encountered 

in the art, (4) the rapidity with which inventions are made, (5) the 

sophistication of the technology involved, and (6) the educational background 

of those actively workinq in the field. z/ It is clear from the record that 
the educational level of the inventor and those actively working in the area 

was extremely high, normally consisting of a doctoral degree. The prior art 

concerned synthetic fiber spinning from many types of polymers including 

para-oriented polyamides. Flt least four major firms-flonsanto, Celenese, 

Akzo, and Du Pont-were enqaged in searching for commercially viable, high 

tenacity synthetic fibers. Thus, we do not believe that the level of skill 

exemplified among certain scientists at Du Pont is dispositive of the issue. 

The technology concerned, to the extent that the appropriate spinning process 

was dependent upon the characteristics of a specific polymer, was extremely 

involved and inventions in this area often took years to develop. Thus, we 

believe that the level of ordinary skill in the art at the time of the 

invention was high, requiring at least a doctoral degree in chemistry and 

experience in the field of spinning various polymers. The FILJ's analysis is 

consistent with this view. 

In light of this analysis, we concur with the f3LJ's conclusions that 

claim 13 of the '756 patent is not invalid under 35 U . S , C .  g g  102 or 103. 

Thus, we find that there is a violation of section 337 of the Tariff Flct of 

1930, 19 U.S .C .  s 1337. 

- 12/ Orthopedic Equipment, Inc. v .  FIll Orthopedic Appliances, Inc., 
-F.2d-, 217 USPQ 1281, 1285 (Fed. Cir. 1 9 8 5 ) ,  
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REMEDY 

Du Pont has requested that the Commission issue a limited exclusion 

order- 

covering the basic forms of aramid fiber manufactured by 
Akzo and articles fabricated from such basic forms. It is 
not the intent of this proposed order to cover high value 
products such as aircraft and automobiles which contain 
relatively minor component parts fabricated from Akzo's 
fiber. It is the intent of the order to cover articles 
made from Flkzo's fiber, such as protective apparel, ropes 
and cables, separately marketed aircraft, automotive and 
marine composite parts, brake blocks and clutches, hose, 
power transmission and conveyor belts, tires, printed 
wiring boards, and fabric. E/ 

In determining the scope of the remedy accorded a complainant, the 

Commission has an obligation to reconcile complainant's interest in the most 

complete relief possible for the unfair act found to exist with the need to 

avoid disruption of legitimate trade. E/ fi/ 

- - 13/ Du Pont's Memorandum on Remedy and Bonding at 2. 
- 14/ See Certain Plastic Food Storage Containers, Inv. No. 337-TA-152, USITC 
Pub. No. 1563 at 5 (1984); Certain Personal Computers and Components Thereof, 
Inv. No. 337-TA-140, USITC Pub. No. 1504 at 45 (1984); Certain Airless Spray 
Pumps and Components Thereof, Inv. No. 337-TA-90, USITC Pub. No. 1199 at 18, 
216 USPQ 465 (1981). 

15/  Chairwoman Stern notes that Vice Chairman Liebeler is in fact rejecting 
t z s  standard. This is a natural consequence of her basic misreading of the 
statute. Fls the statute now stands, findings regarding both the existence of 
an economic and efficiently operated domestic industry and the existence of 
substantial injury (or the tendency to substantially injure) such a domestic 
industry are rewired. 

determinations. Although every case before the Commission presents each 
Commissioner with the opportunity to exercise judgment on questions of fact 
and proper statutory interpretation, the clear intent of the statute cannot be 
changed by rhetoric. Further, a responsible dissent requires a fair and 
proper reading of the precedent from which one is dissenting. For example, 
investigations such as Personal Computers involve the question of whether 
imports of components substantially injure the domestic industry producing the 
complete product and should be included within the scope of the remedy. This 

There is always a place for legitimate dissent in Commission 

(footnote continued on next pagej 

8 
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Aramid fiber is a highly specialized product manufactured throuqh a 

sophisticated process involving expensive technoloqy. The process covered by 

claim 13 of the '756 patent is the only known method for producing aramid 

fiber on a commercial basis. Importantly, only Du Pont and Akzo have the 

capability to produce aramid fiber on a commercial basis. 

Aramid fiber made by means of the process disclosed in claim 13 of the 

'756 patent has many diverse applications including use in spacecraft, 

aircraft, ropes and cables, bullet resistant and other protective clothing, 

hard armor, tires, boat hulls, and gaskets, among others. New applications 

for aramid fiber and aramid fiber products are being developed constantly. 

Aramid fiber is essentially a basic proguct that can be processed and combined 

with other products before reaching a final form. 

Du Pont's sales of aramid fiber products are typically to manufacturers 

or processors. These products include aramid fiber in the form of fiber, 

yarn, pulp, staple, chopped fiber, and "wet lap" rolls of.coarsely formed 

paper. In addition, the record shows that Du Pont subcontracts weaving of 

aramid fiber fabric for sampling and product development purposes. g/ Thus, 

15/ (footnote continued from previous page) 
question differs from the issue presented 'in the present investigation. 
investigation involves the question o f  whether imports of finished products 
containing the infringing component cause substantial injury and should be 
included in the scope of the remedy. There are obvious analytical differences 
between the two factual situations and treating them differently is in no 
sense an inconsistent application o f  precedent, 

Despite the fact that the Vice Chairman gives a nod to the obligation of 
the Commission to balance the need o f  complainant for effective relief and the 
need to avoid disruption of legitimate trade, she nevertheless has made a 
finding in this investigation "that millions of dollars of aramid fiber 
contained in finished products will enter the United States," although the 
record contains no useful information regarding the volume of imports of 
finished products containing aramid fiber, prices of these products, or the 
impact of these imports on the domestic industry. Any balancing o f  complete 
relief with avoidance of disruption of legitimate trade in this situation 
could not have led to the remedy recommendation o f  the Vice Chairman. 
16/ ID at 116-17, FF 19-21; Rppendix to complainant's Reply on Remedy, 

Exhibit 4 ,  

This 
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Du Pont does not manufacture many of the finished products that it requests 

the Commission to include within the scope of the remedy. 

A k z o ' s  current activity in the United States is limited to providing 

samples of i t s  aramid fiber to prospective customers of commercial quantities 

of aramid fiber. Based on this and other considerations set forth in the ID, 

the Commission found that Akzo's unfair acts and methods of competition have 

the tendency to substantially injure the domestic industry. Thus, substantial 

injury will occur in the future if the unfair acts are not remedied. The 

record in this investigation shows that Akzo either presently produces fiber, 

yarn, pulp, staple, chopped fiber, fabric, paper and felt or has the ability 

to do so in the near future. u/ 
We have determined that a limited exclusion order covering imports of 

aramid fiber in the form of fiber, yarn, pulp, staple, chopped fiber, paper, 

felt, and fabric made by Akzo is the appropriate remedy in this 

investigation. le/ s/ Complainant has requested an order also covering a 
broad range of products that may be produced using the aramid fiber products 

covered by this order. The importation of an article containing aramid fiber 

made by the infringing process, no matter how small the amount of such fiber, 

may be an unfair act under the terms of section 337a. However, for the 

reasons outlined below, we decline to issue such a broad order 

- 17/ fippendix to Complainant's Reply on Remedy at Exhibit 9. 
- l8/ 19 U . S . C .  g 1337(a). 
19/ Commissioner Lodwick believes that aramid fiber in the specified forms 
sguld be excluded. 

. exclusion order is correct. However, a more appropriate remedy may have been 
to exclude from importation some articles fabricated from such basic forms as 
uell. The Commission had the responsibility to e x a r c i 3 e  an informed judgment 
concerning this broader range of products. If necersary, the Commission could 
have called upon DuPont and Akzo to submit additional information on specific 
products or categories of products to supplement the present record. 
procedure should seldom be used, but it was called for here since the 
Commission had not previously announced what issues must be addressed and what 
judicial procedure is to be employed in a case such as this. 

In that sense the decision to issue this limited 

Such a 

c 



Section 337 provides that unfair methods of competition and unfair acts 

in the importation or sale of articles must have the effect or tendency to 

destroy or substantially injure a domestic industry. This injury provision 

distinguishes section 337 as a cause of action from domestic patent law 

actions. a/ Indeed, our reviewing court has specifically rejected the 
argument that any amount of injury is sufficient to satisfy the injury 

requirement. The patent holder must "normally establish that the infringer 

holds, or threatens to hold, a significant share of the domestic market in the 

covered articles of has made a significant amount of sales of the 

articles, 2J/ Thus, it is clear that the Commission cannot assume the 

existence of substantial injury. 

For the Commission to issue an exclusion order complainant must 

establish that each of the products to be excluded, individually or 

collectively, can have the effect or tendency to substantially injure or 

destroy the domestic industry. a/ In this investigation; the fiLJ made no 

20/ Textron, Inc. v .  U . S .  Intern. Trade Com'n, 753 F. 2d 10 19, 1028 (1985) . I  

g/ Id. at 1028-29. 
a/ Chairwoman Stern notes that the balance between the requirements of 
providing complainant with an adequate remedy and avoiding the disruption of 
legitimate trade was uniquely difficult in;this investigation. On the one 
hand, the Commission is mandated to find an effective remedy for the injury to 
the domestic industry by the imports covered by the finding of violation. On 
the other hand, a domestic industry should not be denied relief because of the 
nature of the imported form of the article, if it is within the power of the 
Commission to reach such a remedy. 
situation where the Commission is absolutely unable to fashion a remedy for 
the injury found to exist without considering a remedy broader than the 
articles covered by tne finding of substantial injury. Section 337 directs us 
to consider equitable defenses; we should establish standards which achieve 
equitable remedies as well. Of course, the balancing principle from Food 
Storage Containers, Inv. No. 337-TFI-152 (1984), of providing the necessary 
relief without undue disruption to legitimate trade also applies in this 
situation, In th,> investigation Chairwoman Stern does not find a compelling 
reason to reach beyond the basic forms of aramid fiber, 
appropriate in this case to concur with the result reached by the Commission. 
Cf. Certain Processes for the Manufacture of Skinless Sausage Casings and 
Resulting Product, Inv. No. 337-Tfi-148/169, and Personal Computers and 
Components Thereof, Inv. No. 337-TA-140 (1984). (footnote continued next page) 

- 

There could certainly be a factual 

She thus finds it 
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such findings as to products other than the basic forms of aramid fiber. The 

Commission notes that in the future, where there may be an issue concerning 

the scope of the products covered by an injury finding, the products covered 

by the finding should be stated in the ID. 

The Commission finds that complainant has not established that imports 

of  articles fabricated from basic forms of aramid fiber will have the effect 

or tendency to substantially injure or destroy the domestic industry. a/ We 

note that the ALJ's findings, which were based on the basic forms o f  aramid 

fiber, found a tendency to substantially injure the domestic industry. 

Although the Commission has issued exclusion orders covering components 

of complete products that have been found to have the effect or tendency to 

substantially injure a domestic industry, this investigation presents the 

- 22/ (footnote continued from previous page) 
The information on the record at the time of the Commission's 

consideration of the ID clearly established the basis for this finding. 
Further, the information available to the Commission gave no indication that 
additional information on the question would result in a different remedy 
finding. Some of the finished products for which complainant sought relief 
were such that it would be difficult, if not impossible, to separate the 
infrinqinq component from the imported product and in many cases, the value of 
the imported infringing components was small vis a vis the total value o f  the 
imports, 

The difficulty of ascertaining the proper relief for complainants in 
similar situations in the future can be minimized through the fullest possible 
development of all issues relating to substantial injury, including all market 
conditions affecting trade in the products which exploit the intellectual 
property rights in question, This issue deserves further examination on a 
case by basis. 

the inherent ambiguity of the concept announced herein that "complainant must 
establish that each of  the products to be excluded, individually or 
collectively, can have the effect or tendency to substantially injure or 
destroy the domestic industry." The Commission summarizes certain findings of 
the ALJ to the effect that the importation of aramid fiber in its basic forms 
has a tendency to substantially injure. One might hajo thought that, having 
made that finding, aramid fiber contained in finished Fs-cducts must 
necessarily contribute to en cven larger collective injury, with the result 
that those Finished products would also be excludable. 

23/ Commissioner Lsdwick notes that this findinq of the Commission enhances 
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obverse of that factual situation. g/ Whereas imports of components to be 

assembled into the complete product in the United States have the same effect 

or tendency to substantially injure the domestic industry producing the 

complete product the same may not be true for imports of products 

incorporating the infringing product. In the absence of such a finding we 

cannot include these imports within the scope of the exclusion order. 

In order to comprehend complainant's arguments for a broad exclusion 

order covering articles fabricated from basic forms of aramid fiber, it is 

necessary to understand the market. Foreign producers of articles fabricated 

from basic forms of aramid fiber have purchased the basic forms of aramid 

fiber from complainant and then exported some of these products back to the 

United States. Some of the foreign producers of articles fabricated from 

basic forms of aramid fiber are presently sampling and qualifying for their 

use one of the basic forms of aramid fiber manufactured by respondent. 

Complainant's arguments for a broad exclusion order rest on several 

assumptions. Complainant assumes that foreign producers of articles 

fabricated from basic forms of aramid fiber who export such products to the 

United States will turn from domestically produced basic forms to foreign 

produced aramid fiber because of an alleged difference in price. Moreover, it 

i s  assumed that foreign producers of articles fabricated from basic forms of 

aramid fiber will continue to export their finished products to the United 

2 4 1  See Certain Steel Rod Treating Apparatus and Components Thereof, Inv. No. 
35T-T6-97 (1982) ; Certain Headboxes and Papermaking Machine Forming Sections 
for the Continuous Production of Paper and Components Thereof, Inv. No. 
337-TA-826, 217 USPQ 179 (1981).  
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States and that such imports would cause substantial injury to the domestrc 

industry, 

The Commission's limited exclusion order covers those imported products 

that clearly have the potential to injure the domestic industry during the 

remaininq life of the '756 patent. Products such as fabric, felt, and paper 

constitute primary commercial forms of aramid fiber and consist simply of 

aramid fiber that has been processed into a marketable form and are clearly 

identifiable as aramid fiber products. Rn order of this scope, thus, will 

best accomplish the goal of reconciling total relief with the need to avoid 

disruption of legitimate trade. 

PUBLIC INTEREST CONSIDERATIONS 

Section 337(d) provides that the Commission shall enter an exclusion 

order unless "after considering the effect of such exclusion upon the public 

health and welfare, competitive conditions in the United States economy, the 

production of like or directly competitive articles in the United States, and 

United States consumers, it finds that such articles should not be excluded 

from entry." 19 U,S.C. 5 1337(d). We determine that a limited exclusion 

order covering imports of aramid fiber in.the form of fiber, yarn, pulp, 

staple, chopped fiber, paper, felt, and fabric will not have an adverse effect 

on these public interest considerations and, thus, those articles should be 

excluded from importation into the United States. 

Consideration of the public interest factors also leads us to the 

conclusion that the issuance of the broader exclusion order requested by 

complainant would not be in the public interest. In this investigation, 

issuance of a broader order, covering processed products, would be unduly 
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burdensome on legitimate trade and difficult to enforce. a/ The requested 
order could cover articles in which the aramid fiber content is minimal and 

the attempt to establish exclusions based on the value or volume of the aramid 

fiber content of particular products that may be imported in the future would 

be too uncertain and speculative. 

The Commission has considered the effect that the selected remedy would 

have on the four public interest factors in light of complainant's right to 

enforce valid intellectual property rights. Du Pont may lawfully limit 

exploitation of the patented process until its patent expires in 1990, With 

- 25/ Commissioner Lodwick notes that these concerns should be met by drawing 
lines: drawing lines to separate some (not necessarily all) products which 
contain large amounts of aramid fiber from other products which contain small 
amounts; drawing lines to separate some products which appear potentially 
injurious to the domestic industry from other products which appear not to 
have a significant potential for injury, for the purpose of assessing public 
interest. This is how the Commission fulfills its "obligation to reconcile 
complainant's interest in the most complete relief possible , , . with the 
need to avoid disruption of legitimate trade." See discussion at note 14 
supra. Devising rules by which to draw lines isdifficult; and the drawing of 
the lines is difficult and in frequently attended by criticism. But as has 
been said elsewhere concerning courts, it is the job of the Commission to draw 
lines. As a mature agency, the Commission should be adept at that job and 
skillful in the use of devices (e.9. certification to Customs, advisory 
opanions) in fashioning a remedy and anticipating the means for its 
administrative maintenance. The Commission was not limited to choosing 
between "the broad order requested by DuPo.nt" and the order which the 
Commission decided to issue. There were as many possibilities as there are 
finished products and combinations thereof. Whether the Commission could have 
devised an appropriate and effective order which, in addition to the basic 
forms of fiber, also excluded from importation some finished products, cannot 
now be known. The Commission should have made the effort to examine the 
possibilities. The Commission's failure to meet this responsibility is 
underscored by the potential for "circumvention" which is inherent in the 
order which the Commission has issued. Commerce is a highly resourceful 
activity. Somewhere near the "obvious-end" of the spectrum of possible 
commercial reactions to the Commission's order is "product-shifting", i.e., 
when importation of foreign-produced basic forms of aramid fiber is blocked 
the fiber is used by foreign manufacturers to produce finished products (rope, 
cable, etc.) which are then imported into the United States, 
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reqard to the effect of an exclusion order on the public health and welfare 

and on United States consumers in general, Akzo has argued that Du Pont will 

have neither the capacity nor the desire to supply the asbestos replacement 

market in the future and that use of aramid fiber as an asbestos replacement 

will proqress at a faster rate if a second source of the product is 

available. We find that Du Pont has sufficient capacity to satisfy demand 

durinq the life of the '756 patent including demand for aramid as an asbestos 

replacement. a/ Moreover., customers' preference for a second source of a 
patented product does not provide generally a basis for denying relief under 

section 337. Although the Commission has recognized public interest 

exceptions to this rule, it has limited those exceptions to instances where 

the public as a whole suffered from the lack of availability of a patented 

article u/ or complainant's product was an insufficient substitute for the 
imported product, a/ Neither o f  these conditions exist in this 

investigation. Aramid fiber is available to consumers as a substitute for 

asbestos, and Akzo failed to establish that availability o f  a second source 

would actually increase the substitution rate. Moreover., Du Pont continues to 

engage in extensive research and product development, and bath Du Pontls 

aramid fiber and Akzo's aramid fiber can be put to the same uses. 

Flkzo has contended that the U.S. Government's desire for a second source 

of aramid fiber provides a reason for denial to provide relief in this 

26/ ID at 108-109a. 
E/ See Certain Fluidized Support Apparatus and Components Thereof, Inv. No. 
337-TA-182/188, USITC Pub. No. 1667 (1984); Certain Inclined-Field 
Acceleration Tubes, Inv. No. 337-TA-62, USITC Pub. No. 1027 (1980); Certain 
Automatic Crankpin Grinders, Inv, No, 337-TFI-60, USITC Pub. No. 1022 (1979). 

No. 1027 (1980). 
21/ Certain Inclined-Field Acceleration Tubes, Inv. No. 337-TA-62, USITC Pub. 
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investigation. We find that section 337(i) provides Congress' solution to the 

problem of imports for or by the U.S. Government. 19 U . S . C .  g 1337(i). Any 

Commission exclusion order would not apply to imports for or by the U . S .  

Government. 

With regard to the effect of the proposed exclusion order on competitive 

conditions in the United States economy and the production o f  like or directly 

competitive articles in the United States, we note that aramid fiber faces 

competition from various products that can be used for the same end uses. In 

addition, the adoption of Du Pont's value-in-use pricing strateqy reflects 

price competition with other substitute products for various end uses. B/ 

Articles subject to an exclusion order issued pursuant to section 337(d) 

are entitled to entry under bond during the 60-day Presidential review 

period. The lack o f  present commercial sales o f  Rkzo fiber and Du Pont's 

practice of usinq value-in-use pricinq preclude any direct price comparisons 

between Akzo's and Du Pont's aramid fiber. We determine that a bond o f  30 

percent of the entered value of the articles concerned will offset any 

competitive advantage resulting from the ynfair act or method of competition 

found to exist in this investigation. We base this bond amount on testimony 

regarding potential deviations from Du Pontls price structure for sales of  

aramid fiber. This is the best information available on this issue, and this 

bond amount reflects an approximation of the advantage that would accrue to 

Flkzo I 





DuPont has requested that the Commission issue a limited 

exclusion order 

covering the basic forms of aramid fiber manufactured by 
Azko and articles fabricated from such basic forms. It is 
not the intent of this proposed order to cover high value 
products such as aircraft and automobiles which contain 
relatively minor components fabricated from Azkols fiber. 
It is the intent of the order to cover articles made from 
Azko's fiber, such as protective apparel, ropes and cables, 
separately marketed aircraft, automotive and marine 
component parts, brake blocks and clutches, hose, power 
transmission and conveyor belts, tires, printed wiring 
boards, and fabric. 

The Commission majority has denied DuPontIs request to 

exclude articles made from infringing fiber. I have three 

major disagreements with theit decision. First, I do not think 

that DuPont had an obligation to prove, or that the ALJ had to 

determine, that imports of finished products, which contain 

aramid fiber made by a process that infringes claim 13 of the 

' 7 5 6  patent, have the effect or  tendency to destroy or 

substantially injure the domestic industry.6 Section 337a 

instructs the Commission to treat products produced under 

process patents the same way as products that are themselves 

covered by patents: 

SDuPont's Memorandum on Remedy and Bonding at 2. 

61: a l s o  disagree with any suggestion that the ALJ 
specifically determined that there was a tendency for the 
domestic industry to be injured by reason of imports of t*basic*t 
forms of aramid fiber and that he made no such finding with 
respect to finished products that contain aramid fiber. Rather 
the ALJ*a finding was that aramid fiber made by a process that 
infringes claim 13 o f  the ' 756  patent, in general, had a 
tendency to substantially injure the domestic industry. ID at 
4 5 2 .  

3 



The importation for use, sale, or exchange of a 
product made, produced, processed, or mined under or 
by means of a process covered by the claims of any 
unexpired valid United States letters patent, shall 
have the same status for the purposes of section 1337 
of this title as the importation of any product or 
article covered by the claims of any unexpired valid 
United States letters patent.7 

Thus, according to the language of section 3 3 7 a ,  for the 

purpose of determining injury there is no significance to the 

fact that aramid fiber is produced by a process patent and is 

not protected by a product patent. 8 

The importation or sale of a product that violates section 

337 is not insulated when that product is imported or sold with 

other products. This is clear from Commission precedent. In 

Personal Comwters and Components Thereof, the Commission 

excluded items that had not been explicitly found to have the 

effect or tendency to destroy or substantially injure the 

domestic industry.' 

products containing the infringing fiber have the effect or 

tendency to destroy or substantiakly injure a domestic industry 

is inconsistent with the Commission's decision in Personal 

Thus, to require a showing that finished 

Computers. in which there was no such requirement. 

This position, that theme is no separate inquiry concerning 

finished groducts, is also consistent with domestic patent 

719 U . S . C .  S 1337a (1982). 

*Aramid fiber is protected by product patents, b u t  they are 
not a t  issue in this investigation. 
9Inveseigation No. 337-TA-140, USITC Pub. 1504 (March 1984). 
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law. A p a r t y  t h a t  i m p o r t s  i n f r i n g i n g  m e r c h a n d i s e  i n t o  the  

U n i t e d  S t a t e s  c a n  b e  s u e d  i n  U n i t e d  S t a t e s  d i s t r i c t  c o u r t  a s  

w e l l  as i n  t h e  C o m m i s s i o n .  lo 

i n f r i n g e m e n t  s u i t  i n  t h e  d i s t r i c t  c o u r t  t h a t  the i n f r i n g i n g  

p r o d u c t  was n o t  imported or s o l d  s e p a r a t e l y ,  b u t  o n l y  a s  a 

component  o f  a f i n i s h e d  p r o d u c t .  T h i s  i s  b e c a u s e  t h e  p a t e n t  

g ives  i t s  owner  t h e  e x c l u s i v e  r i g h t  t o  p r o d u c e  and s e l l  t h e  

p r o d u c t ,  regardless o f  whether the p r o d u c t  i s  s o l d  a s  a 

s e p a r a t e  item o f  commerce  o r  as a c o m p o n e n t .  

I t  i s  n o t  a d e f e n s e  t o  a p a t e n t  

11 

T h e  m a j o r i t y ' s  a n a l y s i s  a l s o  i g n o r e s  t h e  e f f e c t  of sales  o f  

m e r c h a n d i s e  c o n t a i n i n g  i n f r i n g i n g  aramid f i b e r  o n  D u P o n t .  

DuPont  i s  i n j u r e d  by sales i n  t h e  U n i t e d  S t a t e s  o f  m e r c h a n d i s e  

c o n t a i n i n g  t h e  i n f r i n g i n g  f i b e r  b e c a u s e  s a l e s  of f i n i s h e d  g o o d s  

made from aramid f i b e r  r e d u c e  the demand f o r  aramid f i b e r  

p r o d u c e d  by D u P o n t .  Moreover, b e c a u s e  DuPont  c o u l d  have 
12 l i c e n s e d  the  f o r e i g n  m a n u f a c t u r e r ,  DuPont  loses r o y a l t i e s .  

T h e r e f o r e ,  t h e  s a l e s  of all f i n i s h e d  g o o d s  c o n t a i n i n g  aramid 

f i b e r  have a n  adverse impact o n  D u P o n t .  

IOThete  i s  no  c a u s e  o f  a c t i o n  f o r  process p a t e n t s  i n  d i s t r i c t  
c o u r t  when the  p r o c e s s  o c c u r s  a b r o a d .  

l L 1 n  the p u r e l y  d o m e s t i c  c o n t e x t ,  there i s  no c a u s e  of a c t i o n  
a g a i n s t  d p a r t y  s e l l i n g  an item t h a t  c o n t a i n s  an i n p u t  t h a t  
v i o l a t e s  a process p a t e n t ,  However, i n  the p u r e l y  domestic 
c o n t e x t ,  u n l i k e  the  i n s t a n t  i n v e s t i g a t i o n ,  j u r i s d i c t i o n  can 
a l w a y s  be o b t a i n e d  o v e r  t h e  i n f r i n g e r  o f  t h e  process p a t e n t .  

12m C o n f i d e n t i a l  E x h i b i t  RX1806A for a d i s c u s s i o n  o f  p l a n s  
t o  L i c e n s e  f o r e i g n  p r o d u c e r s  o f  aramid f i b e r .  

5 



Moreover, given the Commission majority's conclusion that 

imports of I4basicii aramid fiber have a tendency to injure the 

domestic industry, I do not see how the Commission can escape 

the conclusion that imports of all aramid fiber and all 

merchandise containing aramid fiber that infringe the '756 

patent have a tendency to injure the domestic industry. I t  is 

beyond disagreement that the importation of finished goods made 

from infringing aramid fiber does not benefit the domestic 

industry. Therefore, if imports of ilbasicti aramid fiber have 

the tendency to injure, then imports of Ubasicii aramid fiber 

plus finished goods made from infringing aramid fiber must also 

satisfy the injury standard. 

Furthermore, several Commissioners do not recognize the 

importation of an infringing item as necessarily injurious to 

the domestic industry (assuming that a domestic industry exists 

for the purpose of section 337). In order to establish 

substantial injury, they require a significant market share be 

held by the infringing irnp0rt8.l~. This stringent standard of 

injury, i n  conjunction with the disaggregation of infringing 

imports, would permit the importation of a certain amount of 

the infringing goods. If the threshold is high enough and the 

disaggregation of imports detailed enough, then it is possible 

that no injury will be found even if there a r e  massive imports 

13m, e . ~ .  , Certain Optical Waveguide Fibers, Investigation 
No. 337-TA-189,  USITC Pub. 1754, Views of Chairwoman Stern, 
Commissioner Eckes, Commissioner Lodwick, and Commissioner Rohr 
(Sept. 1 9 8 5 ) .  
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of infringing items. The appropriate solution is to consider 

all imports of infringing merchandise, both the basic product 

and final products embodying the basic product, together for 

the purpose of determining injury. 

Most importantly, the decision is not in accord with the 

statute. Section 337 directs the Commission to consider 

whether unfair acts in the importation or sale of articles have 

the effect or  tendency to destroy or substantially injure a 

domestic industry. The statute is aimed at unfair practices. 

In the instant investigation, the unfair practice is the 

importation or sale of aramid fiber made using a process that 

infringes claim 13 of the '756 patent. The statute makes no 

distinction on the basis of the form in which the fiber enters 

the United States for the purpose of determining injury. 14 

My second problem with the majority's opinion comes from 

the notion that the Commission has the authority to fashion a 

remedy that will prevent or remedy the injury. There is no 

such statutory grant of discretion. Rather the statute is 

explicit: the Commission must exclude all of the offending 

merchandise unless public interest considerations suggest that 

a different remedy would be appropriate. I reject the notion 

that the Commission can carve out a portion of the imported 

14Such an inquiry might be relevant for the purpose of 
determining whether the public interest requires a different 
c emedy . 

7 



products bearing the infrin&Ting goods because they themselves 

do not injure the domestic industry. I base this conclusion on 

the statutory language, which reauites exclusion unless public 

interest considerations dictate otherwise. 

I also disagree with the notion that an order covering 

ttbasict8 forms of aramid fiber can prevent substantial injury to 

the domestic industry. As mentioned above, finished products 

embodying the infringing fiber injure the domestic aramid fiber 

industry by reducing the demand for its fiber and the royalties 

it could earn from licensing others to produce the fiber for 

sale in the United States. The right of the domestic industry 

to all sales is recognized by the United States patent 

laws. Moreover. if a more stringent standard of injury is 

used, then one can always design subsets of merchandise that 

would not injure the domestic industry, in which case it is 

possible that no items will be excluded, even without examining 

the public interest factors. For all of these reasons, I 

reject the notion that the Commis.8ion can design a remedy on 

the basis of disaggregated injury, and refuse to exclude 

articles on a basis other than the public interest factors. 

Once the Comission has determined that a violation of section 

337 exists, and that exclusion is the appropriate remedy, the 

Commission must exclude a l l  of the offending merchandise unless 

considerations of public interest dictate a different 

15See - I .  Kayton, Patents at 1-25-27 (1985 ed.). 
a 



16 result. 

My third disagreement with the Commission majority is over 

the public interest. DuPont has requested that the Commission 

issue a limited exclusion order in this investigation covering 

the basic forms of aramid fiber manufactured by Azko and 

articles fabricated from aramid fiber. l7 

with the majority's determination that a limited rather than a 

general exclusion order is appropriate, I disagree with 

their conclusion that a broader remedy would not be in the 

Although I concur 

public interest. 

This case raises a number of interesting and difficult 

public interest questions. The difficulty of these questions, 

16The Commission has previously recognized that public 
interest factors ate the only basis for not excluding articles 
that have the effect or tendency to destroy or substantially 
injure the domestic industry. For example, in Certain Airless 
Paint Spray Pumps and ComDonents Thereof ("SDrav PumDsll), 
Investigation No. 337-TA-90, USITC Pub. No. 1199 (November 
1981). the Conmission issued a limited exclusion order for the 
first time. In deciding to issue a limited rather than a 
general exclusion order, the Commission balanced 11complainant8s 
interest in obtaining complete protection from all potential 
foreign infringers'@ against the public interest in unencumbered 
trade. specifically "the inherent potential of a general 
exclusion Order to disrupt legitimate trade." Id. at 18. See 
also the decision in this investigation to issue a limited 
exclusion order. 

17DuPont1s memorandum on Remedy and Bonding, at 2. 

l*According to DuPont, there is only one commsrcially 
feasible process for producing aramid fiber, and only Azko and 
DuPont make this fiber commercially. DuPont's memorandum on 
Remedy and Bonding at 17. Consequently, DuPont contends that a 

(Footnote continued to page 10) 
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19 however, is no basis for declining to address them. 

Aramid fiber is a basic product that is incorporated in varying 

amounts into a wide range of products. Depending on the nature 

of the finished products, there are substitutes of varying 

degrees for aramid fiber. A l s o ,  in some of these finished 

products, the infringing aramid fiber can be easily detected, 

whereas in others the infringing fiber can be detected only by 

destroying the merchandise. Today, there is no clear line that 

can be drawn between those finished products which could be 

excluded without an adverse impact on the public interest and 

those which would have an adverse impact if they were 

excluded. The Commission, however, had the opportunity to ask 

for more information and could have made its best estimate 

where to draw the line. 20 

Moreover, there is no obvious public interest justification 

for excluding only ltbasicl1 forms of aramid fiber. For the near 

future, until the I756 patent expires in 1990, there is both 

the potential, and, if relief is not granted, the expectation, 

that millions of  dollars of aramid fiber in basic forms and in 

(Footnote continued from page 9) 
limited rather than a general exclusion order is appropriate. 
The criteria s e t  forth in Spray Pumps for a general exclusion 
order are not met. Thus, I agree that a limited exclusion 
order i s  appropriate. 

19The Commission does not have all the information before it 
because the ALJ does not take evidence on the question of 
r emedy . 
2%ee footnote 1 ,  supra. 
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21 finished pcoducts will be imported into the United States. 

Thus, it is clear that an exclusion order covering only Itbasic" 

forms of aramid fiber will not give DuPont effective relief. 

Furthermore, although an order covering all articles containing 

aramid fiber could be a burden on legitimate trade and 

impossible to enforce, some articles could be included without 

burdening trade or the enforcement mechanism. 

There is also a strong public interest in protecting 

patents. A complainant with a valid United States patent has 

the exclusive right to make and sell the product protected by 

the patent, or in the case of a process patent to use the 

process, in the United States. This right is recognized in the 

Constitution, which states "The Congress shall have power . . 
.to promote the progress of . . . [the] useful arts, by 
securing for limited times to . . . inventors the exclusive 
right to their . . . discoveries.n 22 
recognized that patents allow successful innovators to earn a 

return for the expense and risk they incurred. It is this 

return which provides the incentive to invent. 23 

States patent laws implicitly recognize the trade-off between 

innovation and competition. Thus, there are strong public 

It is generally 

The United 

interest factors that support exclusion. 

21m Henry Affidavit, submitted in conjunction with DuPontIs 
Brief on Remedy, at 2. 

22U.S. Constitution, Art, I, Section 8. 

23- I. Kayton, Patents chapter 1 (1985 ea.). 
11 



There may be cases where the public interest will not favor 

excluding a l l  items that embody infringing components because 

of the burden on trade. Specifically, the public interest may 

permit entry o f  goods in those cases where the infringing 

component represents a relatively small share of the total 

value. A l s o ,  exclusion may be inappropriate when it is very 

difficult to separate the infringing component from the 

finished product. This is not to suggest that would-be 

infringers have a tllicensetl to sell 'infringing components 

because of the high value of the finished product. In such 

cases, the value of the infringing component should also be 

insubstantial. Time would also appear to be a critical 

element. Finished goods made before the Commission has issued 

its determination are more likely to be admitted than those 

produced afterwards. Because the Commission declined to seek 

additional information, the appropriate limits of the exclusion 

order cannot be determined. The Commission should have taken 

evidence on these and all other relevant factors before 

deciding not to exclude any finiahed articles containing aramid 

fiber. Therefore, I dissent. 

12 
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INITIAL DETERMINATION 

Pursuant to the Notice of Investigation i n  t h i r  matter (49 Fed. -8. 

21,806, May 2 3 ,  19841, this i s  the Administrative L a w  Judge's i n i t i a l  

determination under Rule 210.53 of  the Ruler o f  Practice aqd Ptocedunof thir 

Commission, 19 C.F.R. 5 210.53. 

determines, a f t e r  a review of the briefs  of the parties and of the t&rd 

- 
: 3 

I 

The Administrative L a w  Judge hereby" - 

developed at  the hearfag, that there is a violation of Section 337 of  the 

Tariff Act of 1930, as amended (19 U.S.C. 5 1337, hereinafter 5 337). i n  the 

unauthorized importation into the United States,  and in the eale of..certain 

aramid f ibers by reason of infringement of claim 13 of U.S. Letter8 Paient-No. 

3,767,756, w i t h  the effect or tendency to dcrtroy or rubatantially injure ad 

i n d u s t r y  e f f i c ient ly  and economically operated i n  the U n i t e d  StafaS. 
I >  

* -  
. e  -.' c - -  
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PROCEDURAL HISTORY 

On April 1 8 ,  1984, E.I. du Pont de Nemours and Company (DU Pont) filed a 

complaint with the U.S. International Trade Commission under 5337 of the 

Tariff Act of 1930, as amended (19 U.S.C. S1337, hereafter S337). *e 

complaint alleged unfair methods of competition and unfair acts which included 

(a) the importation, sale and marketing in the United States of certain aramid 

fiber produced in The Netherlands by a process allegedly covered by the claims 

of U.S. Letters Patent No. 3,767,756 (the '756 patent) and (b) active efforts 

to exploit applications of and markets DuPont has created for aramid fibers. 

The complaint also alleged that the effect-or tendency of the unfair methods 

of competition and unfair acts i s  to destroy or substantially injure an 

industry, efficiently and economically operated in the United States. Du Font 

requested the Commission institute an investigation and, after full 

investigation, issue a permanent exclusion order and a permanent cease and 

desist order . 
Upon consideration of the complaint on May 16, 1984, the Commission 

ordered that an investigation be instituted pursuant to subsection (b) of S337 

to determine whether there is a violation of subection (a) of S337, as 

alleged by Du POnt. The Notice of Investigation was published in the Federal 

Register on May 23, 1984 (49 Fed. Reg* 218061 



The respondents named in the Notice of Investigation were the following: 

AKZO N.V. 
ENKA B*V* 
Velperweg 76 
Post Bus 186 
6800 LS Arnhem 
The Netherlands 

Velperweg 76 
6824 BM Arnhem 
The Netherlands 

Aramide Maatschappij VoF Akzona, Inc. 
Velperweg 76 P.O. Box 1 
Post Bus 60 Enka, North Carolina 28728 
6800 AB Arnhem 
The Netherlands 

See FF 2-10 for a description of the parties. 

Victoria L. Partner, Esq. ,  Office of Unfair Import Investigation, U.S. 

International Trade Commission, was named as Commission investigative 

attorney, also a party to the investigation. Robert 0. Litowitz, Esq. staff 

attorney participated at the hearing. 

By Order No. 1, issued May 18, 1984, the chief administrative law judge 

Donald K. Duvall designated Paul J. Luckern as administrative law judge in the 

investigation. 

In a response to the Notice of Investigation, dated June 19, 1984, 

respondents AKZO N.V., ENKA B.V. (Enka) , ARAMIDE MAATSCHAPPIJ v.0.f . (Aramide) 
and AKZONA Incorporated (Akzona) (respondents or Akzo) denied that there i s  

any violation of 5337 and denied that they have engaged in the unlawful 

importation of aramid fiber into the United States or in the unlawful sale of 

such fiber by reason of the overseas production of aramid fiber by a process 

covered by a valid and enforceable United States patent. The respondents 

further denied that they have engaged in any acts or methods of competition 

the effect or tendency of which is to destroy or substantially injure an 

industry, efficiently and economically operated, in the United States. They 

2 



also denied that the Commission has or can obtain jurisdiction over respondent 

A k t O  N.V. Ten affirmative defenses were pleaded in the response. 

On June 22, 1984, pursuant to Order No. 3 issued June 1, 1984 a 

preliminary conference was held before the administrative law judge. Order 

No. 6 issued June 28,  1984, set forth a schedule for the investigation and 

hearing . 
At the preliminary conference on June 22. 1984, respondents orally moved 

to modify the Protective Order that had issued in the investigation on May 2 1 ,  

1984. 

investigation and an action in the United States District Court, District Of 

Delaware, comenced by respondents Enka, Aramide and Akzona against 

complainant Du Pont (Delaware action). The respondents contended that because 

Respondents argued that there was a substantial overlap between the 

a protective order had issued in the Delaware action, it made .no sense to 

have the very same documents under t m  different protective orders, and that 

it would facilitate thinqr to align the protective orders. 80 that there ir 

essentially the same protective order in this proceeding as was agreed by both 

sides and so ordered by the Delaware court. (Hearing TI. of June 2 2 ,  1984, p. 

4 5 ) .  In Order No. 7 issued J u l y  6, the administrative law judge denied the 

mot ion, 

On June 19, 1984 the respondents moved for an order to stay this 

investigation because of the pending Delaware action. The administrative Law 

judge denied the motion in Order No. 6 issued July  1 3 *  1984. 

On July 17, 1984 Du Pont moved for an order dismissing the second, third 

and fifth affirmative defenses and to limit discovery. The administrative Lau 
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judge in Order No. 9 issued August 31, 19841  denied the motion, The order 

stated in part that under S337 all legal and equitable defenses may be raised 

in a S337 proceeding. 

On September 20, 1984, respondents moved for an order designating the 

investigation as a "more complicated" investigation. Respondents requested a 

four month extension of the discovery cutoff date from October 26,  1984 to 

February 28, 1985 and further requested that the hearing then scheduled to 

commence on December 3, 1984 be rescheduled to commence on April 1, 1985. The 

administrative law judge in Order No. 13 which issued October 31, 19841 

granted in part respondents' motion. The judge set aside for hearing February 

11 (ten weeks from the then scheduled hearing date), 12, 13, 141 15, 18, 19, 

20, 21 and 22, 1985 and stated that the Initial Determination would k due on 

May 6, 1985, which was ten weeks from the then scheduled due date o f  February 

2 5 ,  1985. 

In a Notice of the Commission, dated November 19, 1984, the Commission, 

referring to the circumstances of the delay in discovery, the substantial 

expansion in the scope and complexity of discovery and the short period for 

discovery on these issues, decided not to review the Initial Determination 

declaring the investigation more Complicated. 

On January 24, 1985 the Commission investigative staff requested that the 

Commission permit the administrative law judge take evidence at the hearing 

which was scheduled to comaaence on February 11, 19851 concerning the effects 

which entry of an exclusion order in the investigation may have upon the 

. public health and welfare, competitive conditions in the United States 

economy, the production of like or directly competitive articles in the united 

States, and United States consumers. Since Commission Rule 210.58(b) provides 
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that the judge may not take evidence or hear arguments on such matters 

"[ulnless otherwire ordered by the Commission," the staff requested that the 

administrative law judge certify the request to the Commission. In Order No. 

34 issued February 6, 1985, the administrative law judge certified the staff's 

request to the Commission but recommended that the staff's motion be denied 

based upon the following: (1) the time constraint as to evidence the 

administrative law judge has to consider relating to an injury determination 

and the May 6, 1985 due date for the Initial Dctermination; (2) the matter of 

due process: and (31 Commission Rule 210.58 which provides that submissions as 

to the public interest can be made to the Commission. During the hearing on 

February 14, 1985, Ms. Field from the Office of General Counsel of the 

Commission was introduced to counsel for the parties. Mr. Fields represented 

to the administrative law judge that the Commission had denied the staff's 

motion but that the Commission is interested in developing the record in 

remedy and public interest issues in the investigation. Accordingly, it was 

represented that on June 20, 1985,  when the Commission decides whether to 

review the initial determination on the violation issues, it will notify the 

parties regarding the taking of evidence on remedy and public interest. (Tr. 

pp. 744-7451 . 
On February 15, 1985 the Commission issued a notice in which it denied 

the staff's motion to permit the administrative law judge to take evidence on 

the remedy and public interest issues. The Commission stated that the staff 

had not shown that the circumstances of the investigation are so different 

that the Commission should invoke the extraordinary alternative procedure 
. 

available under Rule 210.58 (b) 



On February 8, 1985 respondents moved to  modify the Protective Order i n  

the investigation t o  permit an in-house counsel and a management 

representative of respondents limited access under the Protective Order to 

certain Du P o n t  material subject to  the Protective Order, It was argued t h a t  

without such l i m i t e d  access, respondents cannot properly and adequately ass is t  

i n  their own defense. Order No. 40 issued February 21, 1985 ,  denied the 

motion because on the record before the administrative law judge respondents 

had not demonatrated a need for a key management o f f i c i a l  of  respondent8 and 

respondents' in-house counsel to  have the requested access to Du Pontes 

confidential material. 

The hearing i n  this  investigation commenced on February 11, 1984. It  

continued on February 1 2 ,  1 3 ,  1 4  * l S I  16, 1 8 ,  19 ,  201 2 1 ,  22 and 23. 

Pursuant to Commission Rule 210.53(g) the record was reopened on February 28, 

and March 5, 1985  for additional rebuttal testimony of Du Font's economic 

witness Professor Jerry A *  Hausman. Closing argument8 were heard on March 19,  

1 9 8 5 .  

On February 13, 1985, d u r i n g  the hearing, the administrative law judge 

put  on the record that the Notice o f  Investigation made no reference to any 

specific claims of t h e  '756 patent. Rather, it merely stated "production 

overseas by a process allegedly covered by the claim8 of U.S. Letters Patent 

31767,756a. There are thirteen method claims in the '756 patent. During 

opening arguments on February 11, Du Pontes counsel handed to  the b e n c h  a 

document entitled 'EXEMPLARY CLAIM 13 OF BLADES '756 PATENT.. The document 

duplicated dependent claim 1 3 ,  claim 12* w h i c h  claim 13 depended, and claim 

LO, w h i c h  claim 12 depended. Du Pont's counsel stated that Du P o n t  has 
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d e s i g n a t e d  claim 13 as "an exemplary claim." 

c o u n s e l  p o i n t e d  t o  Q 6.2 o f  the compla int  which read that Du Pont had 

concluded from p u b l i c l y  a v a i l a b l e  in format ion  that the AKZO Semiworks p l a n t  is 

u s i n g  the process covered by a l l  the claims i n  the ' 756  p a t e n t .  (Tr.  PP- 

406-4071, Du P o n t ' s  c o u n s e l  confirmed t h a t  t h e  complaint  d i d  not  s tate  any 

specific claims but said t h a t  Du Pont s t a n d s  or  f a l l s  on claim 13. 

405-407) .  

(Tr. p. 4 0 5 ) .  Respondents '  

(Tr.  PP. 

Respondents '  c o u n s e l  d i d  n o t  want t h e  a d m i n i s t r a t i v e  law judge  t o  

c o n s i d e r  o n l y  claims 10, 1 2  and 13 of t h e  '756 p a t e n t .  lie stated t h a t  w h i l e  

rerpondents  will prove that claims 10, 1 2  and 13 are a n t i c i p a t e d  by t h e  p r i o r  

ar t ,  a l l  t h e  claims are i n  i s s u e ,  t h a t  t h e  rearoa Du Pont backed o f f  t o  claim 

1 3  i s  that t h e  o t h e r  "claims are c lear ly  a n t i c i p a t e d " .  Respondents'  c o u n s e l  

argued t h a t  i n  t h e i r  pretr ia l  submiss ions  respondents  submitted arguments  on  

claim 1 and that " c e r t a i n l y  a l o o k  at what t h e  d i s t i n c t i o n s  are between Clair 

13 and Claim 1 ,  for  example, i s * a  v e r y  r e l e v a n t  par t  of your d e t e r m i n a t i o n  of 

what i s  v a l i d  o r  i n v a l i d " .  (Tr. p. 409). Du Pont 's  c o u n s e l  responded by 

s t a t i n g  t h a t  when Du Pont f i l e d  t h e  c o m p l a i n t ,  Du Pont  i n c l u d e d  t h e  broader 

claims; t h a t  i t  had d i s c o v e r y  

and that 

Du Pont  thought  it would s impl i fy  the f s e u e s  t o  d e s i g n a t e  th i s  S i n g l e  

exemplary claim. Du Pont then was not  a s k i n g  t h e  a d m i n i s t r a t i v e  law judge  t o  

i g n o r e  any of t h e  clalar of t h e  '756 p a t e n t ,  (Tr. p. 410). 

Rarpondents '  c o u n s e l  argued t h a t  r e s p o n d e n t s  were charged w i t h  

i n f r i n g e m e n t  of a l l  t h e  claims of t h e  ' 7 5 6  p a t e n t  and t h a t  t h e y  are a l l  

i n v a l i d .  It was said that i n  t h e  c o u r s e  of respondents '  d e f e n s e ,  r e s p o n d e n t s  
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will show by looking f i r s t  a t  the broader claims that they are tota l ly  

anticipated and that then respondents w i l l  show that the differences between 

claim 13 and claim 1 are minimal and, as a ra t ter  of fac t ,  are not differences 

a t  a l l .  

infringing only claim 13. (Tr.  pp. 411-4121. Du Pont's counsel however 

Rerpondentr had no problem w i t h  Du Pont's accusation of relrpondents 

stated that the domestic industry cover8 the broader claims of t h e  '756 patent 

as well and would not take the position t h a t  respondents arc only infringing 

claim 13 of the '756 patent but would be w i l l i n q  to limit everything to claim 

1 3  and stand or f a l l  on claim 13.  (Tr. pp. 412-1131. Re8pondents' counsel 

indicated t h a t  respondents intended to address themselves not only to claim 

1 3 ,  but would demonstrate that there are no differences between t h e  narrow and 

broad claims insofar as the prior a r t  is concerned. (Tr. pp. 412-413). 

The Commisrion investigative attorney acknowledged that the s t a f f  has not 

taken a position on the patent issues but that it is typical i n  cases s u c h  a8 

this case for complainants to designate an exemplary claim which w i l l  result 

in certain economies and eff iciencies.  The s t a f f  was sympathetic w i t h  

respondents' contentions that they should not be precluded from introducing 

evidence respecting the claims that are not specif ical ly asserted by Du mnt 

as being infrinqed, i f  that w i l l  be relevant to determining the validity or 

invalidity of Claim 13. ( T r .  pp. 414-415). 

On February 2 0 ,  1985 respondents' counsel asked its patent expert witness 

whether he had an opinion as to whether claim 13 of the '756 patent i n  

patentably dis t inct  from claim 1 o f  the '756 patent. DU Pont's counsel 

.objected to the question on the qround that the question of patentable 

distinction between the claims of t h e  '756 patent is not an issue. (Tr. P- 

2 3 3 8 ) .  Thereupon Du Pont's counsel orally moved to l i m i t  Du Pant's charge of 



infringement i this investigation to espondents' infringement of claim 13 

with the patent issues then limited to the validity and infringement of claim 

13. 

of claims, the claims to be ruled on should at least include claim 1 of the 

'756 patent. Du Pont's counsel argued that there was simply no reason for a 

consideration of claim 1; that respondents wanted to have an academic attack 

on the broadest claim in the case, and that the real test of infringement and 

validity is the most specific claim of the '756 patent where Du Pont submitted 

"infringement is clear and validity is clear'. (Tr. pp. 2343-2344) .  

Respondents' counsel argued that if there then should be any limitation 

In opposing Du Pont's oral motion to limit the patent issues to a 

consideration of claim 13 of the '756 patent, respondents' counsel argued that 

whether Du Pont's motion i s  granted or not, consideration will have to be 

given as to whether or not claim 13 is valid 'in the sequence of alleged 

patentability;' that it has to be decided .whether the broad process claim 1 ,  

which isn't that different from Claim 13, is patentable over the art.' (Tr. 

p. 2 3 4 5 ) .  In view of  the development o f  the issues by the respondents on 

discovery and in their prehearing filings, Du Pont's oral notion made on the 

ninth day of  the hearing to limit the patent issues to a consideration of only 

claim 13 was denied. (Tr. p. 2 3 5 3 ) .  

The issues have been briefed and proposed findings of fact submitted by 

the participating parties. The Commission investigative staff takes no 

position on the questions of respondents' infringement and validity of the 

'756 patent. (SPH p. 13). The staff however has taken the position that 

- .  raspondents have not carried their burden of establishing their affirmative 

defenses with respect to the enforceability of  the '756 patent. (SPX ppm 

47-50). 
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This initial determination is based on the entire record of this 

proceeding including the evidentiary record compiled at the final hearing, and 

the proposed findings of fact and conclusions of law and supporting memoranda 

filed by the parties. The administrative law judge has also taken into 

account his observation of the witnesses who appeared before him and their 

demeanor. proposed findings, not herein adopted, either in the form submitted 

or in substance, are rejected either as not supported by the evidence, 

involving immaterial matters or as cumulative. 

The findings of fact include references to supporting evidentiary items 

in the record. Such references are intended to serve as guides to the 

testimony and exhibits supporting the findings of fact. They do not 

necessarily represent complete summaries of the evidence supporting each 

finding. 
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JURISDT CTION 

The Commission has i n  rem and subject matter jurisdict ion i n  t h i s  

investigation, under Sectfon 337, since the alleged unfair methods o f  

competition and unfair acts  fnvolvcd the importation i n t o ,  and sale i n ,  the 

United States of aramid f i b e r s ,  the alleged e f f e c t  or tendency of  which is t o  

destroy or substantially injure an industry, alleged t o  be e f f i c i e n t l y  and 

economically operated i n  the United States.  (FF 1).  

Although a l l  parties have appeared and l i t i g a t e d  the issues i n  t h i s  

investigation, respondents, since the investigation vas i n i t i a t e d ,  have 

maintained that  the Commission lacks jurisdict ion over respondent Akro N.V. 

(Response, Tenth Affirmative Defense). 

business i n  the United States ,  does not control the day-today operations of 

They argue that Akzo N.V. does not do 

any of the other respondents, ana does not make or sell.aram1d f i b e r s  or 

import such f i b e r s  f n t o  t h e  IJnited States.  It i s  submitted that Judge 

Longobardi's decision i n  the Delaware action,  Akzona Incorporated V. E.I. 

DuPont de Nemours 6 Company, C i v i l  Action No. 84-10 LON ( D .  Del. October 2, 

1384) (RX 17991, g r a n t i n g  Akzo N.V.*s motion to dismiss Do Pont ' s  

counter-claim against Akzo N.V. for  lack of personal jur isdict ion,  d e s p i t e  Du 

Pant's vLgorous opposition, precludes Du Pont from r e l i t i g a t i n g  that issue,  

i n c l u d i n g  an a l t e r  ego theory, i n  this investigation. (RPH 1). 

However, a8 the s ta f f  correctly pointed out, the Commission has made i t  

clear  that i n  personam jurisdict ion is not a prerequisite to a party b e f a  

Included as a respondent i n  a Section 337 investigation or to the issuance of  

an exclusion order by the Commission. 

Texti le  Machinery, Inv. No. 337-TA-160, Commission Memorandum Opinion  i n  

Support of Denial of Motion for Tcrminetion of Respondent, February 1 ,  1984; 

Certain Composite Diamond Coated 
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Certain S t e e l  Rod Treating Apparatus and Components, Thereof, Inv.  No. 

337-TA-37, Commission Memorandum Opinion, pp. 14-20 (1082) (SPH pp. 4-5). 

I n  the S t e e l  Rod Treating Apparatus case the grounds asserted f o r  

dismissal by certain respondents included, as here, an alleged lack of - i n  

personam jurisdict ion.  

administrative law judge of respondents' motion f o r  dismissal of certain 

respondents referred to  the holding of the Court of  Customs and Patent Appeals 

i n  Sealed Air v. U.S. International Trade Commission, App. Nos. 79-35 and 

83-04, that the Commission's section 337 jut isdict ion t o  issue exclusion 

orders is i n  rem and not  i n  personam, that the Commission's j u r i s d i c t i o n  over 

the goods established, "without more, suff ic ient  'minim= contacts' as  t o  a 

foreign respondent." 

The Commission, i n  affirming a denial by the 

(E. pp. 5, 11).  

Respondents argue that on t h e  basis of the same f a c t s  found by the 

Delaware court ,  there is simply no basfs f o r  connecting Akzo N.V. to  aramid 

f iber  imports (RPH 1) .  While there may be some merit i n  respondents' argument 

that on the basis  of the "same" f a c t s  found by the Delaware court ,  there i s  i n  

t h i s  investigation, a lack of i n  personam jurisdict ion over Akzo N.V., there 

are f a c t s  i n  t h i s  record before the administrative law judge connectling Akzo 

2I.V. to  aramid f i b e r  imports, 

It is not denied by the respondents that respondents Enka B.V. and 

Akzona, Inc. are involved i n  the day-today production of aramid f i b e r  and any 

importation of the fiber i n t o  the U n i t e d  States.  Respondents Enka B.V. and 

Akzona, Inc. are wholly owned subsidiaries o f  Akzo N.V. (FF 3 ( b ) ( c ) ) .  

Respondent Aramide Maatschappy v . 0 . f .  i s  a partnership i n  which Enka Aramide 

B.V., a wholly-owned subsidiary of Enka B.V. i s  a partner w i t h  NOM. Approval 

by Akzo N.V. was necessary f o r  Enka's e n t r y  i n t o  the j o i n t  venture agreement 

with NOM (FF 4(d).  While Akzo N.V. is not involved i n  t h e  day-today business 
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o p e r a t i o n s  of i t s  s u b s i d i a r i e s  (FF 4(h) ,  Akzo N.V. must approve the 

s u b s i d i a r i e s '  t h r e e - y e a r  o p e r a t i o n a l  p l a n s  and s trategic  plans .  Without  Akzo 

N.V.'s a p p r o v a l ,  no i n v e s t m e n t  o v e r  $700,000 may be made by a s u b s i d i a r y  and 

no l o a n  n o r  e q u i t y  capital  may be raised. 

laboratories have been  c l o s e l y  i n v o l v e d  i n  t h e  a d o p t i o n  o f  t h e  p r o c e s s  w h i c h  

P r o c e s s  i s  said by Du Pont  to  i n f r i n g e  the claims o f  the '756 p a t e n t  i n  

i s s u e .  

no p o s i t i o n  vith Enka,  i n i t i a t e d  and directed the l i c e n s i n g  d i s c u s s i o n s  

between Akzo N.V. and Du Pont .  (FF 4(g)).  

(FF 4 (h) ) .  Akzo N.V.'s research 

(FF t ( c ) ) .  M r .  Loudon, who i s  p r e s i d e n t  o f  Akzo N.V., and who h o l d s  

The a d m i n i s t r a t i v e  law j u d g e  c o n c l u d e s ,  from the f o r e g o i n g ,  that Akzo 

N.V.  has been an i n d f s p e n s a h l e  e n t i t y  i n  t h e  a d o p t i o n  and p r o d u c t i o n  by 

r e s p o n d e n t s  of the imported aramid f iber  a l l e g e d l y  produced by the claimed 

process of the '756 p a t e n t ,  A c c o r d i n g l y ,  t h e  a d m i n i s t r a t i v e  law j u d g e  f i n d s  

that there a r e  facts i n  t h e  record before him c o n n e c t i n g  Akzo N . V .  t o  aramid 

f iber  i m p o r t s  such  t h a t  he c a n  i i n d  Akzo N.V. i n  v i o l a t i o n  o f  S e c t i o n  337, ff  

the record s u p p o r t s  a v i o l a t i o n  by the o t h e r  r e s p o n d e n t s .  

OP I NIOM 

I .  THE '756 PATENT IN ISSUE 

T h i s  i n v e s t i g a t i o n  i n v o l v e s  a l l e g a t i o n s  o f  i n f r i n g e m e n t  of t h e  '756 

P a t e n t .  (FF 1). The '756 p a t e n t  e n t i t l e d  "Dry-Jet Wet S p i n n i n g  P r o c e s s "  

i s s u e d  O c t o b e r  23 ,  1 9 7 3 ,  t o  i n v e n t o r  Herbert B l a d e s .  

Pont .  The p a t e n t  w i l l  expire  i n  O c t o b e r  1990. (FF 32) .  

It i s  a s s i g n e d  t o  DU 

The '756 p a t e n t  i s  based on a p p l i c a t i o n  S e r .  No. 2 6 8 , 0 5 2  f i l e d  June 30, 

1972. S e r .  No. 268,052 was a c o n t i n u a t i o n - i n - p a r t  a p p l i c a t i o n  of abandoned 
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Ser. No. 239 3 7 7  f i l ed  March 23, 1972, which  i n  t u r n  was a 

continuation-in-part application of abandoned Ser. No. 172,515 f i led August 

10, 1971, which i n  turn was a continuation-in-part application of abandoned 

Ser. No. 138,210 f i led Aprll 28, 1971. (FF 32). 

The claimed process of the '756 patent re lates  to a process that produces 

a high  strength f iber which i s  said t o  be claimed i n  U.S. Letters Patent 

3,869,429. 

Herbert Blades. The patent, on i t s  face ,  is assigned to Du Pont. (FF 34). 

That patent issued on March 4, 1975, and the named inventor i s  

The '756 patent contains thirteen method claims. I t  has no composition 

of matter claims. (FF 33). I t  contains two independent method claims 1 and 

10. These two method claims re late  to a method comprising extruding a 

spinning dope from an o r i f i c e  through a layer of non-coagulating f l u i d  into a 

coagulating bath. The dope comprises a polyamide and a solvent consfsting 

essential ly of sulfurfc acid of at least  98% concentration, chlorosulfurlc 

acid or fluorosulfuric acid and mixtures thereof. (FF 33). 

The independent method claims 1 and 10 further require that the 

concentration o f  the  polyamide i n  the acid dope be at least 30 grams of S a i d  

polyamide per 100 m l .  o f  the acid solvent. This amounts to about 14.1 weight 

percent of polymer i n  the acid dopes. (FF 33). 

Independent method claims 1 and 10 also require that the polyamide have 

an inherent viscosity of a t  least  2.0 but no less  than [2 .8 - .05  (C-3011 where 

C is defined as the concentration of the dope i n  grams of polyamide per 100 

ml. o f  solvent a t  25'C. 

patent specification employ between 40 a n d  56 grams o f  p o l y  (p-phenylene 

terephthalemide), as the polyamide, having an inherent vf scosity of at  least  

3.0 per 100 ml. of acid. This amounts to between 18 and 23.4  weight percent 

of polymer i n  the acid dopes. 

(FF 33). The preferred dopes, according t o  the '756 

(FF 33). 
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Independent method claim 1 (FF 33) rec i tes  that the polyamide consists 

"eeeentially of recurring units selected from the 
group: 

wherein units 1 and XI, if  present i n  the polyamide, are 
present i n  substantially equimolar amounts, R ,  R' and R" 
which may be the same or di f ferent ,  are divalent radicals ,  n 
may be zero or the integer one, and at  least about 95  mol 
percent of the total  R, R' and R" radicals i n  t he polyamide 
consist o f  single r i g i d  radicals with extended bonds or a 
serles o f  such r i g i d  radicals w h i c h  are linked together 
directly by extended bonds with the proviso that r i g i d  r i n g  
radicals may be l i n k e d  by azo or axozy groups." 

This recitat ion reads on t h e  polyamide poly -4, 4'- diamanoben- 

zanilfde terephthalamide which has been referred to i n  the record as 

4 ,  4'-DABT. (FF 61). The preferred polyamide, p o l y  (p-phenylene 

terephthalamide) o f  the '756 patent specification (FF 43). and 

speci f ica l ly  recited i n  claims 4 and 13 of the '756 patent (FF 33), 

i s  referred to  i n  the '756 patent as PPD-T. (FF 4 3 ,  59). 

Tndependent claim 10 (FF 33) rec i tes  that the polyamide consist8 

"essentially o f  recurring units selected from the 
group: 

wherein units I and 11, i f  present in the polyamlde, are 
present i n  substantially equimolar amounts, R, R' and R" 
nay be the same o r  different divalent radicals ,  n may be 
zsero or the integer one, and a t  least about 95 mol 
percent of the total  R, R' and R" radicals i n  the 
polyamide are selected from the group of trans-1, 
4-cyclohexylene, 1,4-phenylene, 1 ,  5-naphtylene, 2 ,  
6-naphthylene, 2,6-naphthylene, 2,S-pyridylene, 
4,4'-biphenylene, trans,trans-4,4'-bicyclohtzylene 
radicals and 1,4-phenylene groups linked by 
trans-vinylene, ethynylene, azo or azoxy with the proviso 

15 



that R may also be selected from trams-vlnylene, 
ethynylene, trans, trans-1,4-butadienylene and 
?,4’-tran~-vinylenephenylene.” 

Clain, 2 ,  dependent on claim 1 ,  rec i tes  that the acid is sulfuric acid of 

at  least qP% concentration. (FF 33). Claim 3, dependent on claim 2 ,  recites 

that the polyamide has an inherent viscosity of at least 3 and i s  present a t  a 

concentration o f  a t  least 40 grams per 10n m l .  of solvent. (FF 31) .  At a 

mlnfmum inherent viscosity of ?,?, at least AC) grams of polymer per Inn m 1  of 

98 percent sulfuric acfd would amount to a t  least  19 weight percent polymer. 

(FF 43). 

Claim 3, dependent on claim 2, rec i tes  that the polyamide has an inherent 

viscosity of a t  least  3 and I s  preeenL a b  a concentration of at  least  40 grams 

per 100 nl. of solvent. (FF 33). Claim 4, dependent on claim 2, rec i tes  that 

the  polyamide is the preferred poly-(p-phenylene terephthalamide) 

Claim 5, dependent on claim 1 ,  rec i tes  that the layer of inert non-coagulating 

f l u i d  is between 0.1 and 10 cm. t h i c k .  (FF 33). Claim 6, dependent on claim 

1, recites that the layer of inert non-coagulating f l u i d  i s  a gas. (FF 33). 

Cla im 7, dependent on claim 1 ,  rec i tes  that the coagulating bath i s  at  a 

temperature of under 5 O O C .  (FF 33). Claim 8 ,  dependent on claim 7 ,  rec i tes  

that the layer o f  inert non-coagulating f l u i d  i s  a f r  and the coagulating bath 

1s aqueous and at a temperature of 28’C lower. (FF 33). Claim 9 ,  dependent 

on claim 1 ,  rec i tes  that the r i g i d  radicals are s i n g l e  ring or fused 

multi-ring aromatfc carbocyclic or heterocylic radicals ,  

rrans-1,4-cyclohexylene, 1,4-[2,2,2~-bicyclo-octylene, vinylene O r  

t-thynylene, (TF 32) .  

(FF 33). 

CIIaj; - .A?eridt?nt on claim 10, rec i tes  that a t  least 35 mole percent of 

the c o t a l  K, R’ and R” radicals are 1,4-phenylene radicals. (FF 33). Claim 
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12, dependent on clajrn 10, rec l tes  that the s p f n n i n g  dope passes from the 

o r i f i c e  through a layer of gas and into an aqueous bath at  a temperature of 

under 50°C and wherein the polyamide  has an inherent viscosity of at  least  3.0 

and is present at a concentration o f  at  least  40 gram per 100 m l .  of 

solvent. (FF 33) .  Clain 1 3 ,  dependent on claim 1 2 ,  rec i tes  that the 

polyamide i s  poly(p-phenyleneterephthalamide) and t h e  solvent i s  sulfuric acid 

of at  least  98% concentration. (FF 33) .  Because claim 13 f s  dependent on 

claim 1 2 ,  the grans of polymer per 100 m l .  982 sulfuric  acid i n  claim 13 would 

be a t  least  18 weight percent polymer. (FF 43) .  

The ' 7 5 6  patent specification s tates  that the s p i n n i n g  dopes used i n  t h e  

claimed process are unusual; that a t  room temperatures most are solid; '756 

that  as the temperature i s  raised, they melt, becoming less  viscous and 

translucent t o  transparent. It i s  disclosed that the s p i n n i n g  dopes are 

optf-cally anisotropic,  i .e . ,  microscopic regions of a given dope are 

birefringent. 

l i g h t  because the l i g h t  transmission properties o f  the microscopic areas of 

the  dope vary with direction, and that  this  characterist ic  i s  associated w i t h  

the existence of at least  part of t h e  dope i n  the l i q u i d  crystal l ine  s tate .  

The dopes are said t o  exhibit anisotropy while i n  the relaxed state .  

It i s  said that a bulk dope sample- depolarizes plane polarized 

(FF 4 7 ) .  

It is disclosed i n  the ' 7 5 6  patent specif ication that as the temperature 

of a molten anisotropic dope increases,  a temperature i s  reached at which the 

aDount of anlsotropic phase begins to decrease. That temperature i s  higher as 

th$ concentration of  polymer i n  acid solvent increases. 

PPD-T/sul fur ic  acid dopes of 32, 40 and 46 grams per 100 ml. concentration, 

s a i d  temperature values are found to be about 80-100 degrees C . ,  82-135 

degrees C. and 110 to 122 degrees C . ,  respectively. (FF 4 8 ) .  

For example, for 

The preferred polymeric polyamide of the '756 patent specif ication,  e., 
poly(p-phenylene terephthalamide) (FF 43) has a para-positioned aromatlc 
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r i n g .  

clalms. 

serves t o  decrease the flexibility of the claims. (FF 6l(a)). When these 

rfngs are introduced in the meta or ortho position, the claims are still 

substantially flexible. 

the polymer backbone in the para position, the result is a marked decrease in 

chain f lexibility. 

aromatic rings, as in poly( p-phenyleneterepht halamide) the chains can be 

regarded as almost ideally rigid. 

besides aromatic ring structures, such as the amide linkages in the preferred 

poly(p-phenyleneterephthalamide) (PPD-T) of the '756 patent specification, the 

chains while much more rigid than their meta-positioned analogues, retain some 

modest degree of flexibility. In appropriate solvents, they act as 

considerably rigid molecules. (FF 61(a)). 

Nearly a l l  synthetic polymers (including nylon polyamide) have flexible 

However, the introduction of aromatic rings in the polymer backbone 

However, when the aromatic rings are introduced in 

When the polymer consists entirely of para-positioned 

If the backbone contains other moietles 

Du Pont's technical expect Prof. Donald R. Uhlmann (FF 384) testified that 

besides affecting chain stiffness, the change from mcta-positioned to 

para-positioned aromatic rings has a profound effect on solubility; that for 

exaople, while the meta-positioned poly(m-phenylene isophthalamide) is highly 

soluble in dimethylacetamide CaC12, and is spun commercially from such 

solutions contaf ning about 18% polymer, the para-positioned PPD-T of 

conparable molecular weight is effectively insoluble in this solvent; that the 

change from meta-posltioned to para-positioned aromatic polyamides, and its 

accompanying effect on chain stiffness, has another dramatic effect on 

solution behavior; that the meta-positioned polymers form isotropic solutions 

at all concentrations of polymer; that in contrast, with the para-positioned 

PPD-T, anisotropic solutions can be formed only above a critical 

concentration; that ani sotropic solutions contain liquid crystalline domains, 
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vhi le  i s o t r o p i c  solutions do not;  that w i t h i n  each l i q u i d  c r y s t a l l i n e  domain, 

the nolecules are  aligned i n  a given d i r e c t i o n ,  but the direct ion of alignment 

is d i f f e r e n t  i n  d i f ferent  domains; and that such anisotropic solutions exhibi t  

pronounced o p t i c a l  birefringence. (FF 61(b)). 

The '756 patent speci f icat ion contains nine examples. Example I mixes the 

preferred polymer PPD-T of 4.4 I.V. (inherent v i s c o s i t y )  w i t h  100.2% sulfuric 

acid i n  the r a t i o  of 46 grams of polymer per 100 ml. of acid (20% by weight) 

and heats t h e  mix i n  a 35 degrees centrigrade water bath. 

dope i s  extruded from a spinneret a t  a j e t  v e l o c i t y  of 240 f e e t  ninute through 

a i r  i n t o  a coagulating bath. 

g.p.d. I n  another embodiment of  example I a solution of 46 grams of  PPD-T o f  

5.4 I.V. per  100 ml. of 99.7% sulfur ic  acid (20% by weight) i s  ut i l ized.  Yarn 

tenacity of as-spun f i b e r  i s  26 gpd. (FF 59, 60). 

Thereafter ,  the 

The result ing filaments have a tenacity of 18 

-Exaaple I1 o f  the '756 p a t e n t ' s p e c i f i c a t f o n  adds the preferred p o l p e r  

PPD-T of 6.0 rev .  t o  99.7% sulfuric acid t o  give a r a t i o  of 46 grams of 

polymer per  100 m i .  of acid. Under a p a r t i a l  vacuum the mixture i s  heated t o  

77-35'C. w h i c h  affords a temperature i n  the solution o f  between 79-82OC. 

Therefore the dope is extruded from a spinneret i n t o  cold water. 

embodiment depending on the spinning tube the yarn tenaci ty  went from 21.2 t o  

22.8 to 24.3 gpd. FF 61). 

In another embodiment of example I1 the preferred polymer PPD-T of 5.9 

I n  this  

I.V. Is  mixed w i t h  39.72 sulfuric acid t o  give on heating a dope w i t h  a r a t i o  

of.45.8 gram of polymer per 100 ml. of 100% sulfuric acid. 

extruded from a spinneret to  give a yarn having a tenaci ty  of 24 gpd, 

The dope was 

(FF 61). 

In a t h i r d  embodiment o f  example 11 46  grams PPD-T per 100 m i .  of above 

99% s u l f u r i c  acid i s  made by mixing the polymer of 4.8 I . V .  w i t h  acid and 

s t i r r i n g  a t  80-35OC. The dope i s  extruded through a spinneret t o  give f i b e r  
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having a tenacity of 1 5  gpd. (FF 61). A fourth embodiment o f  Example IT - 

f o n s  a dope containing 46 grans o f  PPD-T (I.V. 5.91 per 100 m i .  of above 99% 

sulfuric acid,  extruded from a spinneret t o  give a f i l m  of a tenacity Of 18 

gPd* (FF 61). 

In example 111 o f  the ' 7 5 6  patent specification dopes from PPD-T of 5.4 

I . V .  and 4.6 I . V .  and various acids and acids containing additives are 

prepared i n  the mixing device of example I.  The percent polymer ranges from 

16 t o  22% w i t h  the concentration of the s p i n n i n g  dope ranging from 34 t o  47 

grans of polymer per 100 mi. of solvent and additives. 

through a spinneret i n t o  cold water, the resultant filaments yielded a 

tenacity of 14 to  27 gpd. 

After extruding 

(FF 61). 

Example IV of the '756 specif ication prepares dopes of polyamides made 

froa diamines and diacid halides. 

(99-7 to  100.0 percent) to give 4'6 grams of  polymer per 100 ml, o f  acid (20  

weight percent). "he dopes are extruded using a .spinneret block.  The 

resultant filament tenacit ies  range from 15 to  24 gpd. (FF 61). Example IV 

also shows S6 g polymer per 100 m l .  of sulfuric acid (23.4 weight percent made 

from poly-(chloro-p-phenylene terephthalamide) of  4.1 I.V. spun into f ibers  

utth filament tenacity o f  17 gpd. (FF 61). 

The dopes are prepared using sulfuric acid 

- Exaaple V ut f l fzes  polyamides made from "A-B monomers." Included is the 

s p i n n i n g  of the ordered copolymer 4,4'-DABT i n  Example V (a) to produce a 

f f b e r  having a tenacity o f  17 gpd. Also included i n  Example V is the spinning 

o f  random copolymers wherein p-phenylene-diamine, p-aminobenzoyl chloride 

hydrochloride and terephthaloyl chloride are reacted together simultaneously 

to  g i v e  f ibers  having tenacit ies  of 32 and 23 gpd. 

( C ) ) .  The polymer I . V .  ranges from 4.0 to 5.9. Dopes are prepared using 99 

t o  100% sul fur ic  acid t o  give 46 grams of polymer per 100 m l .  of acid (20  

weight percent). (FF 61). 

(Example V (b) and v 
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Example VI of the '756 patent specification shows variables i n  the 

spjnnfng process. Dopes of PPD-T i n  33.7 - 100% sulfuric acid solvents are 

made and spun uslng the apparatus and general techniques of Example 1B. 

60). 

(FF 

A l l  dopes were said to contain 46 g polymer per 100 m l .  solvent (20 

weight percent) except one dope which used 38 g polymer per 100 m l .  solvent. 

Tenacities of t h e  resultant filament ran from 16 t o  25 gpd. (FF 61). 

Example V I 1  of the '756 patent specification shows the e f fec t  of extrusion 

temperature. In this  example a dope containing 46 g polymer per 100 d.. of 

sulfuric acid made from PPD-T of 5.2 1.V. i s  extruded using the general 

Procedure of Example TI. The resultant tenac i t ies ,  at  extruded temperatures 

of 3 6 " C ,  100°C, 11O-11S0c and 115-120° were 24, 22, 19 and 11 gpd 

respectively. (FF 61). 

Example VI11 of the '756 patent specification employs dopes containing 30 

g po-ljmer per 100 m l .  of 93-100% sulfurlc  acid made from PPD-T of 5 . 2  1.V. 

Using various dope extrusion temperatures, filamqnt tenacit ies  ranged from 15 

t o  18 8pd. (FF 61). 

The f inal  Example IX Qf the '756 patent specification uses a blend of 30 g 

of PPD-T (5.4 I.V.) acid,  5g of poly (m-phenylene isophthalanide) (1.16 1.V.) 

i n  a 100% fluorosulfuric acid and 100.1% sulfur ic  acid. The blend i s  mixed a t  

30°C using the general technique of example IB. The dope i s  extruded from a 

spinneret. As-spun filaments therefrom have tenacity of 23 gpd. Repetition 

o f  the procedure u s i n g  a dope containing 24 percent by weight of the p o l y  

($0-phenylene isophthalamide) and no PPD-T i n  t h e  same mixed solvent af f  ored 

as-spun filaments w i t h  a tenacity of only 1.8  gpd. (FF 61). 

The ' 7 5 6  patent specification discloses that the water content of the 

dopes used i n  the claimed process should be carefully controlled to  be l e s s  

than 2%. Excessfve water can interfere w i t h  the formulation of dopes suitable 
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f o r  s p i n n i n g  and a l so  lead t o  excessive degradation of the  polymer. (FF 42) .  

It is stated t h a t  the dopes should be mixed and held during the spinning 

process a t  as  low a temperature as i s  practical  to keep them l i q u i d  i n  order 

t o  reduce degradation of the polymer resulting i n  low I . V .  values; and that 

exposures to  temperatures over 90°C should be minimized. (FF 42) .  The '756 

Patent specif ication discloses that the spin dopes of the claimed process 

possess unexpected s t a b i l i t y ;  and that i t  appears that the "acidity" of the 

sulfuric  acid i s  reduced by the presence of h i g h  concentrations of s t i f f  chain 

polyanides. 

sulfuric acid at concentrations of 46, 21.3 and 3.7 grams per 100 m l .  

dopes were heated f o r  3 hours a t  100OC. 

solution of 46 grams had on I . V .  of 4 . 2 .  However, polymer isolated from the 

heated solution of 21.3 grams had only an I . V .  of 2.8 and polymer isolated 

from_the heated solution of 3.7 grams h a d  a I . V .  of  only 1.9. (FF 44). ' 

Thus dopes were made of P P P T  polymer of 4.88 I . V .  i n  100% 

The 

Polymer isolated from the heated 

The '7S6 patent specif ication discloses that dopes containing about 49  

grams of PPD-T per 100 m l .  of sulfuric  acid represent the highest 

concentration that can be handled i n  the conventional mixers, transfer l ines  

and spinning equipment due to the extremely h i g h  bulk  viscosity of mixes. It 

.is said that when the usual technique of lowering the viscosity by raising the 

temperature i s  used, excessive degradation of the polymer occurs and t h a t  the 

use of more ef fect fve  nixes well permit the use of higher concentrations. 

115(a)). The v iscos i t i es  a t  h i g h  concentrations are said to  be a function of 

the polymer - solvent system used. 

terephthalanide) of  4.1 I . V .  was u s e d ,  a 23.11 weight percent dope can be 

employed. (FF 45(a)). 

(FF 

For example when poly-(chloro-p- phenylene 

In extruslon of the dopes used i n  the claimed process, the '756 patent 

Specification discloses that since the amount of degradation i s  dependent upon 
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time and temperature, temperatures as low as practical  should be used, 

preferably below 9O'C. 

t h e  equipment should be designed so that the exposure time of the dope t o  the 

e levated  temperature i s  kept at  a m i n l m u m .  (FF 46) .  

If higher temperatures are desired, i t  i s  said that 

XI. PROCCSS IN ISSUE 

The Blades '756 patent i n  issue contains only process claims. 

the aramid f iber  manufactured and 

s o l d  by Akzo under the registered trademark "Twaron" and previously sold a s  

"Akrenka" and "Enka Aramid". 

the registered trademark "Kevlar". (FF 11). 

Du Pont's competing aramid f i b e r  i s  sold under 

- (FF 12) .  

The "Kevlar" and "Twaron" commerical s p i n n n i n g  precesses are 

"Twa r on " 

Polyamide: 
Solvent: 
PPD-T Concentration: 
PPD-T I.V.: 
A i r  Cap: 

, Coagula t ing  Bath: 

Respondents admit that Akzo's aramid f i b e r s  are prepared by the extrusion 

of a s p i n n i n g  dope into  ao 

aqueous coagulation b a t h  maintained a t  a temperature of The 

spinning dope comprises poly( p-phenylene terephthalamide) Of 
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inherent viscosity between i n  a sulfuric acid solvent . 
(FF  30). Thus, Akro i n  i t s  process i s  spinning a PPD-T i n  

sulphurlc acid dope. The concentration of PPD-T polymer 16 

and Akzo is using an inherent viscosity that i s  and a 

coagulation bath temperature that i s  (FF 31) .  

Aramid i s  said to be the strongest commercial synthetic f iber  known to 

man -0 about f i v e  times as s t r o n g  as s teel  on an equal weight basis.  It has 

opened vast nev technical horizons. (FF 15).  

Du Pant's "Kevlar" aramfd f iber  ha6 a unique combination of properties 

never before achieved i n  a synthetic fiber. 

as-spun strength, "Kevlar" has a modulus ( i .e . ,  - i t s  resistance to stretch)  

equal to glass eight times as high as industrial  grade polyester and 25 times 

as high as Industrial grade nylon.  

rema_rkable heat resistance,  

room temperature tens i le  strength a t  254 degrees Celsius, w h i c h  is the melting 

point of  industrial grade nylon and polyester. "Kevlar" only chars a t  

exposure t o  high temperature. (FF 17).  

I n  addition to extraordinary 

(FF 16). "Kevlar" f iber  a lso  displays 

"Kevlar" w i l l  not melt. It retains one-half i t s  

Because of i t s  unusal properties, "Kevlar" f i b e r  has many diverse 

applfcations -- i n  ropes, spacecraft,  afrplanes, bullet  resistant  and other 

protective clothing, t i r e s ,  boat h u l l s ,  hard  armor, gaskets, and other 

objects .  

6ome uses, i t s  rustproof character or s t a b i l i t y  i n  h i g h  or  low temperatures 

contribute t o  i t s  u t i l i t y .  Depending on the use, "Kevlar" aramid f iber  can 

substitute for steel,aluminum, asbestos,  n y l o n ,  rayon, polyester, cotton, or 

carbon f iber.  (FF 18). 

It can be used where h i g h  strength and l i g h t  weight are sought. In 

Du Pont has developed a broad variety of "Kevlar" aramid f iber  products 

to  meet t h e  needs of customers and potential customers who have differing Uses 

24 



for  the p r o d u c t .  "Kevlar" i s  available as continuous filament yarns and 

rovings, i n  a broad range of deniers, ranging from 135 to  15000 denier. (FF 

19). 

"Kevlar" f fher i s  a lso  produced a s  staple and as pulp.  Staple consists 

of short,  crimped f ibers  designed primarily to be spun into  yarn and for use 

as refnforcenent i n  composite material. "Kevlar" p u l p  is a f inely  ground 

fiber used for applications such as the reinforcement of elastomers and f o r  

asbestos replacement f n  f t l c t ion  products. (FF 20). "Kevlar" f iber  i s  

available a t  two levels of modulus, 

the names "Kevlar" and "Kevlar 20." "Kevlar 49" is a continuous filament yarn 

The regular modulus Kevlar i s  sold under 

that has been subjected to heat and high  tension to create a higher modulus 

form of the f iber.  It i s  used primarily as a reinforcement material in high 

technology composites for such applications as a i rcra f t  and space vehicle 

paws and boat h u l l s .  (FF 21). 

AkzO's "Twaron" aramid f iber  has substantially the same properties and 

uses as Du Pont's "Kevlar" f ibers .  

are described i n  Akzo's Technical Bullentins for i t s  products.  "Twaron" is 

similarly available a t  two levels  of modulus. 

(FF 23). Properties and uses of "2'waron" 

(FF 23). "Twaron" f iber  fs 

made and B o l d  fn various types. (FF 24). Akzo's "Twaron" f i b e r  i s  c u r r e n t l y  

being produced i n  The Netherlands i n  a pi lot  plant i n  Arnhem. 

t h i s  f i b e r  w i l l  be produced i n  a commercial plant being constructed i n  Ernmen, 

The Netherlands. (FF 26). 

By October 1985 

. 
TIT. TERMINOLOGY 

Polyamides are polymers containing amide linkages: 
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(FF 103) 

Aromatic polymers are polyamides wherein the radicals l i n k i n g  the amide 

linkages constitute aromatic radicals ,  e.g. 1,4-phenylene, 

radicals l i n k i n g  t h e  amide linkages constitute aromatic radicals ,  then the 

aromatic polyamide i s  termed a wholly aromatic polyamide. If those radicals 

are also para-oriented, then a w h o l l y  aromatic para-oriented polyamide is 

If a l l  Of the 

formed. (FF 104). 

Poly(p-benzamide) (1,4B) can be represented graphically as :  

(FF 1 2 4 ) .  

The preferred polymer i n  the '756 patent specification PPD-T (FF 43) and 

the polymer recited i n  claims 4 and 13 of the ' 756  patent is a whol ly  aromatic 

para--positioned polyamide coopris'fng equal parts of 

and vherein R and R' are para-phenylene (l,4-phenylene) radicals.  It is 

chemical ly  referred t o  as po1y)p-phenylene terephtha1amide)- and can be 

represented graphjcally as: 

1/ 

(FF 105). 

- 1/  
t e rephthalamidc) . Du Pont has also used the code PRD-44 to  re fer  to  poly(p-phenylene 

(FF 129) 
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A polymer disclosed i n  Example V(a> i n  the '756 patent speci f icat ion (FF 

61) and w h i c h  is included i n  the generic coverage of claims 1 and 10 Of 

the '756 patent (FF 33) is the ordered copolymer 4,4' DABT comprising equal 

parts of 

and wherein R, R' and R" a r e  para-phenylene (lB4-phenylene) radicals .  

para-positioned polyamide. It i s  chemically referred t o  a s  poly-4,4'- 

dlarninohenzanilide terephthalamide and can be represented graphically as :  

It i s  a 

- 

(FF 106). 

The aolecular  weight of polymer-: polyamides i s  dependent on the number 

of recurring u n i t s  and accordingly can vary. It has a considerable e f f e c t  on 

the vfscosi ty  of  the polyamide dissolved i n  various solvents.  

glven polymeric polyamide i n  a part icular  solvent 

increases w i t h  increasing molecular weight of the polymeric polyamide. 

112) 0 

Generally f o r  a 

v i s c o s i t y  of the p o l p e r  

(FF 

IV, DU PONT'S RESEARCH EXCLUDING INVENTOR BLADES 

In A p r i l  1997 Du Pont's s c i e n t i s t  P.W. Morgan prepared h i g h  molecular 

weight PPD-T. On A p r l l  17, 1957, i t s  s o l u b i l i t y  i n  concentrated sul fur ic  acid 
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w3s noted. (FF 117). It was said that polymeric PPD-T could be wet spun 

fro3 s u l f u r i c  acid i n t o  aqueous s a l t  baths. 

* 'excellent"  eolutions of h i g h  v i s c o s i t y  PPD-T polymer (about 12% by weight) 

dissolved i n  concentrated sulfuric acid. (FF 118). Morgan observed that  

progress w i t h  PPD-T was excel lent  and work should continue. He f e l t  PPD-T was 

a candfdate for the c l a s s  of h i g h  modulues, high t e n a c i t y  f i b e r s .  

Filns of PPT-T were cast  by Morgan from PPD-TI sulfuric acid i n  1957 but were 

tough but "brittle d r y " .  (FF 118). A Du Pont notebook entry dated November 

3, 1958 showed the synthesis b$ Du Pont's Morgan of h i g h  molecular weight 

PPD-T u s i n g  IUIPA. 

3,063,966 vhich issued on Nov. 1 3 ,  1962. (FF 119). 

- 
On Flay 20,  1957, Itorgan prepared 

(FF 118). 

This synthesis became example X I X  i n  a Itwolek e t  a1 U.S. 

Du Pont's Pioneering Research Laboratory was established i n  the l a t e  

1940's and by, 1964,  it  had a s t a f f  of approximately 100 PH.D.6 and 150 

suppprt personnel a l l  doing resea-rch aimed a t  new f i b e r s  and f ibrous 

products. (FF 122). By 1964, Pioneering Research had discovered many 

comnercial f i b e r s  which included "Orlon", "Lycra" "Teflon" and "Nomex". 

(FF 122). In 1064 D r .  Eugene E. Magat, who t e s t i f i e d  at the hearing, took 

over as one of Pioneering Research's four research managers w i t h  

responsibi l i ty  for new polymer and new f i b e r  compositions. (FF 123)- 

PRD-27 was Du Pont's code for  h i g h  strength,  high modulus f i b e r  made from 

poly(p-benzamide) (1,4B). It was Du Pont's f irst para-positioned polyamide 

that could be dissolved and spun i n t o  f i b e r s  w i t h  h i g h  modulus.  (FF 124). 

Research on polymeric poly-lS4-benzamide a t  Du Pont's Pioneering Research 

Laboratory was stimulated by the issuance of Belgian and Luxemburg patents i n  

1 9 6 4 .  Du Pont's i n i t i a l  react ion was that  thfs polymer could be a threat  t o  

t h e  Ilonex producrs venture. (FF 133).  

C)n A p r i l  29, 1964 Du Pont's Morgan agreed t o  undertake a study of 

poly-l,4-benzamide. Du Pont's S.L. Kvolek was assigned by Morgan t o  carry O u t  



experiments on the polyner when a search of Du Pont's records showed o n l y  

scanty data avai lable  i n  i t s  f i l e s .  (FI: 134). According t o  statements i n  a 

kr Pont patent proposal i t  was thought that the potent ia l  of poly-1,4- 

benzanide to be superior material  i n  the form of strong, durable f i b e r s ,  

films, and f i b r i d s  having exceptional thermal r e s i s t a n c e ,  e l e c t r i c a l  

insulating propert ies ,  and res is tance  t o  hydrolysi s. (FF 135). 

Experimental work on poly-1,4-benzamide was started by Pls. Kwolek on June 

3 ,  1064 and l a t e r  i n  1964 polymeric poly-l,4-benzanide was prepared. 

Wet-spinning from s u l f u r i c  acid was done on January 1 5 ,  1365 w i t h  production 

of " f a i r  f i b e r " .  

yielded e x c e l l e n t ,  b r i g h t  fi laments.  It was considered that  an extraordinary . 

organic f i b e r  had been discovered which property-wise was patentably superior 

t o  g l a s s  as a reinforcing material f o r  p l a s t i c s  and rubber. 

(FF 136). Dry spinning of poly-1,4-benzarnide i n  Nay 1365 

(FF 137). 

- P r i o r  t o  :Is. Kwolek's work in the mid-sixties ,  para-positioned polyamides 

were regarded as e s s e n t i a l l y  i n t r a c t a b l e  and incapable of being formed i n t o  

fibers. (FF 141) .  Kwolek discovered that  under c e r t a i n  conditions,  solutions 

QT dopes of these para-positioned polyamides were i n  a l i q u i d  c r y s t a l l i n e  

s t a t e ,  1.e.  anisotropic s t a t e ,  and when properly wet or dry spun,  f i b e r s  

retained the h i g h  degree of orientation imparted by the spinneret prior t o  

coagulation into f i b e r s .  (FF 141). The f i b e r s  "as-spun" were oriented and 

had high modulus ( s t i f f n e s s )  and r e l a t i v e l y  high tenaci ty  ( t e n s i l e  strength) 

without subsequent drawing. (FF 141). When given a heat treatment the f i b e r s  

unperuent r e c r y s t a l l i z a t i o n  which  raised those properties s t i l l  higher. 

141). 

a n y  orientat ion imparted on the spinning solution by the spinneret was l o s t  by 

relaxation of the polymer melt or solution. A s  a resul t  f i b e r s  were 

unoriented upon s o l i d i f i c a t i o n  or coagulation a n d  the as-spun f i b e r  had t o  be 

(FF 

Tn previous h i g h  strength synthesis f i b e r s  such  as  industr ia l  nylon, 
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- 

subsequently drawn t o  achfeve acceptable or ientat ion and c r y s t a l l i n i t y .  (FF 

141) .  

nu Pont’s Florgnn suggested i n  1366 extruding vfscous s u l f u r i c  acid 

solutions of P R D - 2 7  and ”kindred polymers” from fine-hole spinnerets i n t o  a i r  

a n d  t h e n  before the stream of solution had time t o  r e l a x  and d i s o r i e n t ,  

passing the stream i n t o  a coagulating bath. Nothing was said by Morgan about 

the concentration O f  polymer. (FF 150) .  Noreover Du Pont’s Anta1 reported 

from work he d i d  from Oct. 1965 t o  Feb. 1967 that PRD-27 i n  sulfuric acid 

f o r u s  isotropf c solution and that while specia l  ‘low temperature disolution 

techniques can yield structured solutions of t h i s  polymer i n  s u l f u r i c  a c i d ,  

the structure is e a s i l y  destroyed on warming even t o  room temperature. (FF 

151). Sul fur ic  acid dopes of  PRD-27 were said t o  be poorly oriented on 

extrusion through a spinneret and the dopes were said t o  re lax  so f a s t  that 

the result ing f i b e r  i s  appreciably oriented i n  the s k i n  while the i n t e r i o r  O f  

the f i b e r  is d poorly oriented spherul i t ic  arrangement. (FF 151). A 1367 Du 

Pont report however noted that  100% sulfuric acid was an excellent  solvent f o r  

obtaining anisotropic dopes of  p-aromatic polyamides, including PRD-27. (FF 

153)- 

Pioneerfng Research was wet spinning PPD-T from concentrated sulfuric 

a c i d  i n t o  a water bath i n  1966 and 1967. A 1966 Du Pont report indicated that 

the low s o l u b i l i t y  of PPD-T i n  exis t ing solvent systems however had precluded 

d r y - s p i n n i n g  of PPD-T. A 1967 Du Pont report disclosed that while 

PFD-T gave spinnable solutions i n  concentrated s u l f u r i c  ac id,  extruded 

filaments from concentrated sulfuric acid were somewhat weaker than those Spun 

(FF 1 4 5 ) .  

frena other solvents and only high inherent v i s c o s i t y  PPD-T had given good 

s p i n s .  

VlscositLes which were i n  the range of 2.5. 

(FF 1 4 7 ) .  A l l  of the work i n  the 1967 report was w i t h  PPD-T 

(FF 149). I n  1967 it was noted 



a t  Du Pont that the patent l i terature  disclosed anistoropic PPD-T sulfuric 

acid dopes. It was observed that h i g h  as-spun properties and very h i g h  

modulus f ibers  appear t o  be related t o  t h e  a b i l i t y  of the polymer to g i v e  an 

anisotropic dope. (FF 154). 

Du Pont ' s  Bair i n  an August 1968 report reported that anisotropic dopes 

could be obtained vith many p-aromatic polyamides but only i n  around 100% 

sulfuric acid. T h i s  discovery was s a i d  t o  provide a lead to a new inexpensive 

process for  s p i n n i n g  w h i c h  could be applied t o  a wide range of polymeric 

compositions as  well as a greatly extended range of molecular weights. (FF 

155-164). 

in around 100% sulfuric  acid. Thus he observed that very l i t t l e ,  i f  any 

"degradation" of poly(p-phenylene terephthalamide) was found t o  occur d u r i n g  

h i s  spinning-coagulation of the sulfuric  acid dopes. (FF 156). 

Bair however had a concern for  degradation of p-aronatic polyamides 

- B a i r  i n  h i s  August 1968 report rep,orted that ear l ie r  work a t  Du Pont with 

sulfuric acid dopes of a l l  para aromatic polyamides had dealt w i t h  

concentrated (95-98%) sulfuric  ac id;  that these solutions were isotropic and 

had short relaxation times when sheared. Commenting on what Du Pont's Anta1 

had e a r l i e r  reported, (FF 158) Bair noted that a consequence of the short 

relaxation times is that orientation i s  imparted only to the outer p o r i t i o n  o f  

the f iber  d u r i n g  extrusion and coagulation gave a f iber  w i t h  a t h i n ,  t o u g h ,  

h i g h l y  oriented s k i n  and an unoriented core. (F'F 158). Bair pointed out that 

an advantage of around 100% sulfuric acid as a solvent for  the dopes of a l l  

para aromatic polyamides i s  the a b i l i t y  to dissolve h i g h  molecular weight 

polymers a t  re lat ively  h i g h  solids content t o  form an inherent viscositY of 

3. 

solids content. 

solution viscosity of sulfuric acid isotropic and anistropic dopes; that the 

Only 10 X sol ids  content however was considered by Bair t o  be a high 

(FF 158). Bair commented further on the difference i n  
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extremely hfgh viscosity of  the isotropic dopes at h i g h  solids llmited to some 

extent the range of solids which could be spun conveniently and as a 

consequence most spins of isotropic dopes were considered w i t h  around 5-7 X 

sol ids ,  (FF 159). 

In the experfoental section of Bair's August 1968 report relating t o  the 

s p i n s  of poly(p-phenylene terephthalamide) from sulfuric  acid,  the temperature 

was varled over a range of 30-40°C w i t h  a maximum temperature of 60"C. Bait 

found i t  convenient to operate i n  a middle bath temperature of 30-4O"C. (FF 

161). 

the polymer i n  a t  l eas t  99% sulfuric  ac id,  (FF 161) there i s  no disclosure of 

While a Table XI i n  his report showed 15% concentration inter  a l i a  of 

what the spin b a t h  temperature was for  that concentration. rnrthennore Bair 

reported i n  h i s  August 30, 1968 report that the best f i b e r  properties were a t  

10% PPD-T concentration w i t h  as-spun tenacity up to 7 gpd. (FF 163). The 

tenacity reported f o r  the 15% PPLS-T concentration was only 3.83 gpd; the 

tenaci t ies  reported f o r  the 13% PPD-T concentrations were at least  below six.  

(FF 164) ,  In deposition Bair has denied heating any dopes of this report 

because he was certa in  the polymers would degrade. (FF 169). 

Du Pont's Bair i n  a Dec. 1968 report reported that poly(p-phenylene 

,terephthalamide) no longer gave anisotropic dopes i n  acid strengths much under 

93-1002 sulfuric  acid. (FF 166). However copolymers of PRD-271PRD-44 were 

said to form anisotropic dopes i n  95.5% sulfuric  acid. 

Du Pont's Mukaplal i n  a Aug. 1968 report indicated that PPD-T /H so 

(FF 167). 

2 4  

solution anisotropy, considered a prerequisite to h igh  as-spun tens i le  

properties, was sensit ive to heat development (FF 171)  and that the usual 

range for spinning anisotropic dopes i s  limited to  solute concentrations Of 

9.5 t o  12X. (FF 172). Research at Du Pont i n  a July  1969 report disclosed 

c r i t i c a l  concentratiop levels of PPD-T polymer i n  100.3% sulfuric acid a t  only 
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about 8% solids for  polymer w i t h  inherent viscosity from 4 - 6 .  (FF 175). 

N h i l e  i t  was said t h 3 t  anisotropic dopes of PDD-T i n  concentrated sulfuric 

acfd can be prepared i n  the region of from about 8-10% sol ids ,  such a dope 

w i t h  high viscosity i s  more l ike  a "dough". (FF 178). 

V. TllE BLADES INVENTION 

Herbert Blades, inventor on the '756 patent, i s  employed at  Du Pont's 

Pioneering Research Laboratory (FF 198, 199). About January 1969 he joined 

Dr. )fagat's group. (FF 200). His f i r s t  assignenent was the measurement of 

the compresfve strength of  PRD-27. PRD-27 was then the leading candidate for . 

developnent as a h i g h  tenacity, h i g h  modulus industrial f iber.  

201). PPD-T polymer was a back-up candidate. (FF 200). Around mid-1969 he 

wasassigned the broad task of examining wet s p i n n i n g  of PRD-27 and PPD-T 

l i q u i d  crystal l ine  amide dopes into water. (FF 200, 2 0 2 ) .  Inventor Blades 

presented the results  of h i s  studies at  a Du Pant Research Review i n  E!ovenber 

1963. 

that an a i r  gap betwen the spinneret and the bath would be one way of 

Influencing the early stage of coagulation, 

suggestion by Dr. Boethcher, inventor Blades had no independent knowledge of 

the concept of t h e  air-gap. (FF 205). Dr .  Boettcher received the concept of 

the air-gap from a Nonsanto Morgan '645 U.S. patent. (FF 2 0 6 ,  260). 

(FF 200, 

After the review discussions, Du Pont's Dr. Peter Boettcher suggested 

(FF 2 0 4 ) .  Other than through the 

A t  the hearing inventor Blades tes t i f i ed  that he remembered the Morgan 

'645 patent b e i n g  g i v e n  to him sometime a f t e r  he made his  f irst s p i n  w i t h  an 

air gap u s i n g  amide solvents and before he d i d  any work with s u l p h u r i c  acid. 

(FF 207). 

PRD-44(PPD-T) amide dopes and succeeded in making f iber .  

On November 7 ,  1969 Blades experimented w i t h  an a i r  gap using 

Blade found that 
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us ing  the PRD-44  dopes and spinning through an a i r  gap into a coagulating b a t h  

produced higher w i n d u p  speeds and spin stretch. (FF 208). 

S p i n n i n g  polymeric solutlons through an a i r  gap t o  improve the properties 

of the polymeric f iber  therefrom i s  notoriously old i n  the polymer ar t .  (FF 

370-3801. liowever the properties that are improved can vary from system to 

systen. For example U . S .  Patent No. 3,050,210, which  issued i n  Piarch 1963 

discloses t h a t  t h e  use of an a i r  gap with a preferred solvent and bath 

composition at a c r i t i c a l  temperature range are all necessary to produce 

acrylonitr i le  polymer f ibers  w i t h  advantageous physical properties. (FF 370). 

It i s  noteworthy, i n  connection w i t h  issues raised i n  t h i s  investigation, 

that inventor Blades Nov. 7, 1969 a i r  gap experiment d i d  not improve the 

tenacit ies  of the f iber  spun. Thus he wrote i n  his notebook that the tenacity 

o f  filaments from PPD-T w i t h  an a i r  gap was very poor. 

- 
(FF 208). Blades d i d  

think the use of an a i r  gap was a'good ldea because i t  gave orientation 

produced by shear i n  the spinneret o r i f i c e  time to relax and hence f i b e r  could 

t h e n  be stretched as  a solution f i r s t  before i t  entered the b a t h .  I n  th i s  way 

he noted that i t  would be possible to separate the orientating e f f e c t s  Of 

shear i n  the o r i f i c e  w i t h  spin stretch. (FF 209). 

At the time Blades conducted his a i r  gap experiment on Nov. 7 ,  1969 

anisotropic spinning dopes of PPD-T i n  sulfuric acid o f  at least  98% 

concentration or  more were well-known w i t h i n  Do Pont. (FF 178). Also i t  Was 

the concensus w i t h i n  Du Pont ,  that the preferred concentration o f  sulfuric  

acid when used as a solvent for PPD-T, was around 100 percent sulfuric acid. 

(FF 178). Blades tes t i f i ed  at the hearing that i t  was then common knowledge 

a t  Du Pont's Pioneering Research Laboratory that PPD-T polyner reacted w i t h  

sulfuric acid and was degraded at h i g h  temperatures; that s c i e n t i s t s  i n  p r i o r  

research e f f o r t s  w i t h  PPD-T had been careful to carry out the mixing of PPD-T 

and sulfuric  acid and spinning procedures a t  about room temperature. (FF 214). 
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- !  

It Was Dr- 1bWt who suggested to inventor Blades that Blades include 

sulfuric acid dopes i n  his work. (FF 215). Because t h e  preparation of S p i n  

dopes proved very d i f f i cu l t  a t w i n  cylinder mixing device was designed and 

constructed by Blades. Blades waited from nid-December 1969 into  klarch 1970 

for Du Pont's shop t o  make some parts he needed to  assemble the mixer. (FF 

2 1 7 ) .  

Inventor Blades used sulfuric acid o f  about 100% concentration i n  his  

f i r s t  air-gap spins of PPD-T/H SO dopes a t  10% polymer concentration I n  

March 1970 w i t h  h i s  twin cylinder mixer. (FF 219-221). While results  showed 

an air gap provided higher spinning speeds, consistent with teachings i n  the 

2 4  

p r i o r  a r t ,  the as-spun properties of the f ibers  were not good - the tenaci t ies  ' 

being o n l y  3.5-5.4 gpd. (FF 221). Prior research a t  Du Pont w i t h  10% PPD-T 

i n  100% sulfuric acid,  w i t h o u t  an a i r  gap had given a tenacity as h i g h  ss 1 2  

gpd., (FF 221). Blades then made' a 10.2% PPD-T sulfuric acid dope and spun i t  

w i t h  acid without an a i r  gap. 

comparable to the a i r  gap experiments. 

Blades had done up to th i s  time were at  about room temperature. 

Blades experimented w i t h  a 12.3% PPD-T sulfuric and dope (FF 223) and applied 

heat at 55°C and 85OC through a water b a t h .  Thereafter he cooled the dopes to 

room temperature and spun inmediately u s i n g  a i r  gap s p i n n i n g .  

that heating the dope d u r i n g  mixing greately fac i l i ta ted  the mixing (FF 223). 

He became convinced that 12.3% PPD-T was not the maximum concentration 

pofsible i n  sul fur ic  acid dopes. 

The f iber  properti-es w i t h  no a i r  gap were 

(FF 222). The mixing a n d  s p i n n i n g  

I n  A p r i l  1970 

Blades found 

(FF 223). 

Blades next worked w i t h  14.5% PPD-T sulfuric  acid (100%) dopes, heating 

them t o  f a c i l i t a t e  mixing. As-spun tenacity went t o  14 .5  gpd. (FF 224) .  A t  

the hearing Blades t e s t i f i e d ,  he was the first a t  Du Pont to  heat 

PPD-T/sulfuric acid at  polymer concentration greater than 12%. 
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(FF 2 1 4 ) .  

heating the 14.5% dope, he cooled i t  before spinning and consequently the 

spinneret holes would p l u g  repeatedly. Blades concluded that the t r o u b l e  Was 

that  a l l  the polymer was not i n  solution. (FF 226) .  He recognized that t o  

s p i n  higher concentrations o f  PPD-T/sulfuric and solutions, spinning 

temperatures f a r  greater than room temperature were required to keep the 

system above i t s  melting p o i n t  and f l u i d  at the spinneret. 

had t o  be made by Blades t o  the mixing equipment so that the hot water bath 

could be kept i n  place around the mixing vessel d u r i n g  spinning. 

I n  separate experiaents i n  A p r i l  1970 Blades found that the melting p o i n t  of a 

dope increased as i t s  PPD-T concentration increased. 

Blades d i d  experience di f f icul ty  with the 14.5% dope because a f ter  

Thus modifications 

(FF 228) .  

(FF 229). 

As soon as the equipment was modified Blades, as recorded by h i m  on A p r i l  

1 6 ,  1970, ran an experiment using PPD-T o f  4 .4  inherent viscosity a t  a 

concentration of 20': by weight in'  100.2% sulfuric  acid. The nix was heated t o  

about 95°C and spinning carried out a t  about 100OC. 

free. The as-spun tenacity of filaments therefrom was about 18 gpd. Blades 

Spinning  was trouble 

recognized that the tenacity was an extraordinary value. 

notebook entry dated A p r i l  20 ,  1970 Blades noted " l i t t l e  o r  no degradation" o f  

PPD-T. (FF 231). The administrative law judge finds this  notation consistent 

with the feeling at the time at Du Pont that heating of PPD-T i n  concentrated 

sulfuric  acid would expose the PPD-T to degradation. 

he made that notation i n  his notebook, was not t h i n k i n g  o f  f i l i n g  a patent 

application nor creating a myth f o r  patentabil i ty,  as Akzo centends. 

(FF 230). I n  a 

Certainly Blades ,when 

Example 1 of the '756 patent records the experiment using 20% 

PPD-T/H2S04 which Blades performed i n  A p r i l  1970. (FF 233). Blades 

believed that at  the h i g h  concentration o f  PPD-T, the sulfuric acid i s  bound 

t o  the polymer and i s  essent ia l ly  deactivated i n  a chemical sense. 

absence of degradation. (FF 236). 

Hence the 
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Inventor Blades presented h i s  work w i t h  i l lus t ra t ive  charts t o  a Du Pont  

Research Review on April 16,  1P70. (FF 238). One chart i l lustrated how 

as-spun tenacity of Blades' f ibers  was roughly twice what had been obtained i n  

Du Pont Ki l l ian ' s  experiments using PPD-T/sulfuric and at  10% polymer 

concentration. (FF 238). Another chart showed the relationship between 

polymer concentration i n  sulfuric  acid solution and the melting point w h i c h  

Blades had discovered. (FF 239). Another chart showed the significant 

advantages gained fron Blade's novel process with PPD-T. (FF 241). 

VI. VALIDITY OF THE '756 PATENT 

35 U.S.C. 5 282 creates a presumption that a patent is valid. 

The patent challenger must establish invalidity by c lear  and convincing 

As the Court of Appeals for  .the Federal Circuit emphasized: evidpnce. 

"The statute places the burden of proving 'facts establishing 
invalidity on the person asserting invalidity. 
challenger must establish those f a c t s  by clear and convincing 
evidence, and the ultimate burden of persuasion never sh i f t s  
from the patent challenger." Jones v. Hardy, 727 F.2d 1524, 
im, 220 U.S.P.Q. 1021, 1024 -7TZX c i r n 4 ) .  

The patent 

I n  the present case, Akzo r e l i e s  primarily on two references, Nonsanto's 

Morgan '645 patent (FF 260) and Du Pont's Kwolek '542 patent (FF 299-3291, 

which were both of record d u r i n g  the prosecution of the Blades '756 patent, 

aid were extensively considered by the Examiner d u r i n g  the prosecution,, (FF 

63-102). Under these c ircmstances ,  the patent challenger's burden to 

overcome the presumption of validity by c lear  and convincing evidence i s  made 

even heavier: 
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"When no p r i o r  a r t  other t h a n  that w h i c h  was considered by 
the PTO examiner I s  re l ied on by the a t t a c k e r ,  he has the 
added burden of overcoming the deference that is due t o  a 
qualif ied government agency presumed t o  have properly done 
i t s  j o b ,  which includes one or  more examiners who are 
assumed to  have some expertise i n  interpreting the 
references and t o  be f a m i l i a r  from their work w i t h  the 
l e v e l  of s k i l l  i n  the a r t  and whose d u t y  i t  i s  to issue 
only valid patents." 

American Hoist & Derrick Co. v. Sova i Sons, Inc., 725 F.2d 1350, 1359, 220 

U.S.P.Q. 763, 770 (Fed. Cir. 1984).  See a l s o  Fromson v. Advance Offset P l a t e ,  

- Tnc. NO* 84-1542, 84-1553 (Fed. C i r . ,  Feb. 21, 1985).  

- 

Claim 13 I s  Cot Anticipated Under 35 U.S.C. 102 

Anticipation under 35 U.S.C.  5 102 requires ,  in a s ingle  p r i o r  art 

reference,  disclosue of each and every element of the claimed invention. 

Concell v. Sears ,  Roebuck 6 Co., 722 F.'2d 1542, 220 U.S.P.Q. 193 (Fed. C i r .  

1983); SSIH Equip. S . A .  V. U . S . I . T . C . ,  718 F.2d 365, 218 U.S.P.Q. '678 (Fed. 

C i r .  1983). 

1554, 220 U.S.P.Q. 303,313 (Fed. Cir. 19831, cert denied 105 S. C t .  709(1984) 

W.L. Gore d Associates,  f n c .  V. Carlock, Inc. 721 F.2d 1540, 

S c o t t  v. I n f l a t a b l e  Systems, Inc . ,  222 U.S.P.Q. 460, 461 (9th Cir. 1383); In - - 
re  Certain Automatic Crankpin Grinders, 205 U.S.P.Q. 71, 76 (ITC 1979); 

Structural  Rubber Products Co. v. Park Rubber Co., 749 F.2d 707, 715, 223 

U.S.P.Q. 1264, 1270 (Fed Cir. 1984) .  Also t o  a n t i c f a p t e ,  the reference must 

i n  an "enabling" disc losure ,  I n  re  Brown, 329 F.2d 1006, 141 U.S.P.Q. 245, 

(C.C.P.A. 1964) ,  - i . e . ,  a "dlrect teaching." 

the'Brown c a s e ,  the  "true test of any prior  art" is whether the pr ior  art is 

such as t o  place the al legedly disclosed-matter  " i n  the possession of the 

p u b l i c . "  E. at  1011, 141 U.S.P.Q. a t  249. 

As Judge I ,  Jack Nart in  stated i n  

- 

Respondents argue the ident i ty  of claim 1 o f  the ' 7 5 6  p a t e n t ,  as t o  the 

polymer w i t h  the Morgan '645 patent by referrfng t o  4,4'-DABT a t  col. 2, I s .  
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44-4s o f  the Piorgan '645 patent and the disclosure of 4,4'DABT i n  the '756 

patent which  disclosure is w i t h i n  the generic  concept of claim 1 of  the '756 

pa tent . 
Claim 13 o f  the '756 patent disc loses  a process involving PPD-T. 

Respondents argue that PPD-T is disclosed i n  the Morgan '645 patent by virtue 

of a t i i l l  e t  a 1  '839 patent and a Hill e t  a1 '511 patent (FF 295) w h i c h  are  

referred t o  i n  column 1 of  the Morgan '645 patent and w h i c h  a r e  said t o  

disc lose  aromatic polyamides t o  be used I n  the Morgan '645 process. 

282). (RPN p. 21). Respondents argue that the " s l i g h t l y  higher" polymer 

concentrations of claim 1 3  ( a t  l e a s t  18 wt. percent i n  c l a i n  13  a s  against at 

l e a s t  14.1 ut. percent i n  claim 1) are c l e a r l y  disclosed I n  the Norgan '645 

patent and therefore claim 13 cannot avoid ant ic ipat ion.  

(FF 281, 

(RPII pp. 20-21). 

The '756 patent speci f icat ion teaches t h a t  what i s  involved i n  t h e  '756 

pate-nt a r e  o p t i c a l l y  anisotropic dopes.. 

Hi11 patents that  a l l  o f  t h e  suggested polymers would-inhepntly form 

o p t i c a l l y  anisotropic dopes as i s  the dope w i t h  PPD-T i n  claim 13. 

47). The f a c t  t h a t ,  i n  the Hi11 patents the substituents on the arcmatic r ing 

can be meta or para oriented (FF 245) i s  t o  the contrary. Hence t o  obtain the 

PPST of claim 1 3  would involve random " p i c k i n g  and choosing" on the 

happenstance t h a t  PPD-T w i l l  be selected.  

Morgan '645 patent that teaches that  the minimum polymer range of about 

should be adjusted t o  a t  least the 14.1% range of claim 1 or a t  l e a s t  18% o f  

cl@ 13 t o  obtain t h e  anisotropic  dopes of claim 1 and claim 13, even 

assuming the Morgan '645 patent taught a s u l f u r i c  ac id concentration of'  at 

l e a s t  98%. 

(FF 47). There i s  no teaching i n  t h e  

(FF 33,  

Pioreover there i s  nothing I n  the 

Respondents have n o t  d i s p u t e d  the f a c t  that a f i b e r  of poly 

(m-[meta-oriented) phenylene isophthalamide) wet spun as an 18% s o l u t k n ~  fn 

dimethylacetamide-caliura chlor ide  (polymer Inherent viscosi ty  1.91 had a 
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tenacity of only 6.8 grams per denfer. (FF 71). Moreover they do not take 

issue w i t h  the fac t  that when a dope containing 242 by weight of the poly (m 

[meta-oriented phenylene isophthalarnide] of 1.16 1.V. fs as spun from an acid 

solution through an a i r  gap filaments w i t h  a tenacity of only 1.8 gpd. are 

obtained. 

made of 15.8% by weight of poly(meta-oriented) phenylene isophthalarnide of  

inherent viecoslty o f  2.18 i n  an acfd mixture when as spun through an a i r  gap 

resulted i n  fibers w i t h  a tenacity of only 0 .46  gpd. 

(FF 6 1 ) .  Respondents also  have not d i s p u t e d  that a spinning dope 

(FF 7 3 ) .  

Respondents do not dispurte the fact  that all of the examples of the 

Morgan '645 patent are directed to  the use of meta-oriented aromatic 

polyamides (FF 262) and that there is only one para-oriented aromatic 

polyamide named in the Norgan '645 patent, excludfng the '645 patent reference 

t o  other patents. 

patent does not disclose l i q u i d  c r y s t a l l i n i t y  on the part of para-oriented 

aromatic polyamides (PPD-T), which i s  not found In meta-oriented aromatic 

Polyamides, becauee i n  1364 when the Monsanto '645 patent application was 

f i l e d  even the manifestation of l i q u i d  c r y s t a l l i n i t y  on the part of 

para-oriented polyamides had not been demonstrated. 

Respondents cannot dispute the f a c t  that the Borgan '645 

(FF 276). 

The Morgan '645 patent is further deffcient as an anticipating reference 

under 35 U.S.C. 

eulfuric  acid of "at least  98%" concentration as a solvent for the polymer. 

This f s  a l imitation not only i n  claim 13 but i n  each of the claims of the 

'756 patent, (FF 33). Respondents argue that the use of sulfuric acld of a t  

l e a s t  98% concentration for  PPD-T is disclosed i n  the llorgan '665 patent by 

virtue of a S m i t h  '125 patent (FF 296-238) referred t o  i n  C 0 1 0  1 of the liorgan 

' 6 4 5  patent and the recitat ion i n  t h e  Morgan '645 patent of concentrated 

102 bacause i t  does not disclose a process involving 

40 



sulfuric acid (FF 283).  

acid of at  least  982. For example the term concentrated sulfuric  acid' was 

used at  Du Pont to refer  to  sulfuric  acid having a concentration as low as 

95%. (FF 158, 167). Also there is frequent reference i n  the l i terature  to  

concentrated sulfurfc acid w i t h  a concentration as low as 95%. (FF 389, 

390). Concentrated sulfuric  acid of a t  l eas t  98% concentration i s  c r i t i c a l  

for  the formation o f  the anisotropic dopes used i n  the processe's of the Blades 

claims. (FF 37, 41). I n  neither the Plorgan ' 645  patent nor  S m i t h  '125 Patent 

i s  there a teaching of the use of sulfuric acid of  a t  least  982 concentration 

for  obtaining anisotropic dopes. A mere reference to concentrated sulfuric 

acid i n  the Morgan '645 patent i s  not a teaching o f  an acid of a t  least  98% 

concentration, as claimed i n  the '756 patent, found " i n  exactly the same 

situation ... to perfonn the identical  function" in the Morgan '645 patent, 

- Scott V. Inf latable  Systems, Inc. 222 U . S . P . Q .  460.461 (9th Cir. 1983). 

Concentrated sul fur ic  acid is not inherently sulfuric  

Respondents have not established where i n  the four corners of the Morgan '645 

patent, even w i t h  i t s  disclosure of 4,4' DABT and i t s  reference to other 

Patents, there i s  a teaching to adjust the concentration of the sulfuric acid 

t o  a t  least  98% and t o  adjust the weight percentage of polymer to obtain t h e  

anisotropic dopes used i n  t h e  claims of the '756 patent. 

Respondents' argument that those w i t h i n  Du Pont would have understood 

"concentrated sul fur ic  acid" a s  t h a t  expression is used i n  Xorgan '645 t o  mean 

a Concentration of a t  least  98% suitable for  making anisotropic dopes of 

4,4'-DABT is unpersuasive, (RPH p. 23). This argument assumes that the 

Morgan '645 patent has, as i t s  ob jec t ,  the preparation of ansotropic dopes* 

This assumption i s  unwarranted i n  view of the wide variety of polymers 

disclosed i n  the Elorgan '645 patent as useful i n  the Elorgan ' 6 4 5  invention. 

(FF 2 8 0 ) .  
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Respondents argue that the rec i ta t ion ,  i n  the llorgan '645 patent,  that 

the temperature resistantawholly aromatic polyamides are conveniently spun 

from about 10 percent to about 30 percent solutions, preferably 1 2  t o  20 

percent solutions by weight ( co l ,  4 ,  I s .  24-27) (RX-2, chart) discloses the 

limitation of claim 13 of the '756 patent as regards PPD-T "at a concentration 

of at  least  40 grams per 100 m l .  of solvent [18% PPD-TI" (at  least  18 wt. 

Percent). Nowever, as Du Pont  argued, there i s  a fa i lure  i n  the Ilorgan ' 6 4 5  

patent to connect any percentage range of polymer w i t h  any speci f ic  p o l p e r ,  

l e t  alone PPD-T, and there i s  not an enablement, as required f o r  9102, to 

teach one sk i l l ed  i n  t h e  a r t  how t o  achieve an 182 concentration of PPD-T i n  

sulfuric acid. (CPH, p. 2 2 ) .  There i s  no disclosure i n  the Morgan patent of 

development of orientation and desirable mechanical propetties i n  aS-sPun 

f ibers.  

'645 patent c a l l  f o r  post-coagulation drawing of the f ibers  to  produce 

orfentation and the desired mechanical properties. Morgan discloses as an 

integral  part of h i s  process following coagulation an orientation s tretch i n  a 

hot bath (FF 265) and thereafter another hot drawing step. (FF 2 6 5 ,  266) .  

(FF 209). The specif ication and all of the examples of . the Horgan 

Thus the examples i n  the Morgan '645 patent use t o t a l  post-coagulation 

draws of 1 . 7 ~  to 5.62x, w i t h  most of the examples using t o t a l  post-coagulation 

draws of about 3 . 6 ~ .  

Of those conventionally employed i n  the processing of t e x t i l e  f ibers  such as 

nylon, polyacrylonitrile and polyethylene terephthalate. 

the achievement of a h i g h  degree of  orientation and crys ta l l in i ty  i n  the 

as-spun f ibers  i s  not a desiratm of  the process since they would render 

di f f icul t  the subsequent drawing operation and l e a d  to filament breakage fn  

the drawing.  The combination of properties i n  the f ibers  produced by tiorgan, 

even a f ter  the extensive post-coagulation drawing, is very different from the 

(FF 266). Such post coagulation draws are i n  the range 

I n  s u c h  processing, 



properties of the as-spun f ibers frOQ the process of claim 13 of the '756 

Patent. Horgan reported the highest tenacity as  7 gpd and an elongation of 

332, compared t o  f ibers  from the claim 13 process which can be as h i g h  as  20 

gpd and have 3-4f. elongation. The highest tenacity of any 

f iber  described by Xorgan i n  the ' 645  patent i s  notably inferfor  to the 

tenacity of drawn nylon filaments available a t  the time (about 10 gPd). 

( F F  267).21 

(FF 

268). 

he makes a f i b e r  o f  PPD-T. 

Po lPers .  (FF 2 6 9 ) .  Meta-positioned polymers form isotropic solutions a t  a l l  

concentrations of polymer and do not form l i q u i d  crystal l ine  solutions. 

Nowhere does the Elorgan '645 patent disclose a spec i f i c  example where 

A l l  t h e  examples r e f e r  t o  meta-positioned 

Nowhere does the hforgan ' 6 4 5  patent disclose the s p i n n i n g  of f ibers  using 

l i q u i d  c rys ta l l ine  ( i .e .  - anisotropi c )  solutions o r  dopes. (FF 269,  2741. 

The Morgan ' 645  patent has no example disclosfng how spin dopes 

containing 4,4'-DABT d g h t  be prepared, how fibers of th i s  polymer might be 

spun or what the resultant properties may be. 4,4'-DABT i s  the only 

para-positioned polymer named i n  Elorgan excluding the reference t o  other 

Patents i n  c o l ,  1 ,  (FF 270-273). A l l  the examples i n  the Iforgan '645 patent 

dissolve the meta-positioned aromatic polyamides i n  amide/salt solvents. 

noreover, according to Morgan, " i t  is desirable and convenient t o  use the same 

solvent f o r  polymerization and s p i n n i n g "  and dfmethylformamide and 

dimethylacetamide containing up to 102 by weight of dissolved metal s a l t s  are 

- 2/  
divorced from the novel process even though each is separately pate 
Gore 6 Associates Inc. v. Carlock, Inc . ,  supra. 721 F.2d 1540 ,220  U 
303. See a l so  Congoleun Industries,  Tnc. V. Armstrong Cork Co.,  33 
1036, '1053, 1 7 3  U 2 e r t .  denied, 421 U . S .  988 
Ralston Purina Co, V. Far-Mar-Co., 586 F. Supp. 1176, 1 2 2 4 ,  222 U . S  
300 (D. Kan. 1 9 5 4 ) .  

The unique f iber  properties produced by t h e  claim 1 3  process cannot be 
nted. W.L. 
,S .P,Q. 
9 F,  s u p p .  
(1975) ; 
,PoQ. 8 6 3 ,  

- 
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regarded as  "especially useful.' (F 274). 

anide/salt solvent systems i s  Norgan's concern about eliminating s a l t s  from 

the f ibers and his selection of speci f ic  solvent extraction agents - b o t h  of 

which are spec i f i ca l ly  directed to  amidelsalt solvents and not the sulfuric 

acid dopes of claim 13. 

Consistent with Morgan's focus on 

(FF 275)- 

ilorgan's 10-302 polymer concentration range is consistent a lso  v i  t h  his  

focus on meta-positioned polyamides i n  amide-salt solvents which are t y p f C a l l Y  

dissolved i n  such concentrations. Para-positioned polyamides, and 

particularyly PPD-T, are much less soluble than meta-positioned pOlYanides* 

(FF 276) .  

preferred range) f o r  any para-positioned polyamide, and there i s  no teaching 

as  to how they could be achieved f o r  the h i g h l y  fntractable PPD-T. 

Morgan's reference at column 4, l i n e s  5-6 to a broad range of elevated 

tempeatures of 30 to  120'C. refers to  the extrusion temperature. 

Morgan does not disclose forming concentrations of 12-20% (Morgan's 

(FF 277). 

Since i t  was 

well known to  adjust the temperature of extrusion as a means of varying the 

viscosity of the solution for  s p i n n i n g ,  th i s  i s  a teaching of adjusting 

s p i n n i n g  conditions. It i s  not e disclosure that mixing and extrusion 

operations are carried out separately uith different apparatus and 

conditions. Nowhere i n  the Morgan '645 patent i s  there any speci f ic  

disclosure as to how h i s  spin dope solutions are prepared. 

There i s  also  no disclosure i n  t h e  Morgan ' 6 4 5  patent that the 

(FF 278). 

as-spunN2/tenacity of d r y  j e t  wet spun f ibers  i s  higher than that of vet ' 

- 3/ 
can be obtained. 
s p i n n i n g  of PPD-T amide solutions I n  1969, J. ElcBride, another Du Pont 
researcher a t  Du Pont's Pioneering Research Laboratory, reporting t o  Blades, 

The mere use of an a i r  gap Is not a guarantee that good as  spun f i b e r s  
Following inventor Blades' Lni t ia l  use of an a i r  gap f n  the 

(Footnote continued t o  page 45) 
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spun fibers. The tensi le  s t r e n g t h s  r e p o r t e d  i n  t h e  Horgan '645 p a t e n t  refers 

t o  f i b e r s  which were drawn e x t e n s i v e l y  after  s p i n n i n g .  (FF 270) .  

For a p p l i c a t i o n  of t h e  Morgan ' 645  p a t e n t  under 5 1 0 2 ,  t o  t h e  claimed 

s u b j e c t  matter one would have t o  p i c k  and c h o o s e  among (1) 

polymers ,  ( 2 )  a p l u r a l i ' t y  o f  s o l v e n t s  which i n  view of the r e c i t a t i o n  

a large number o f  

" c o n c e n t r a t e d  s u l f r u i c  a c i d "  only i n  Morgan '645 patent would also i n v o l v e  a 

p a r t i c u l a r  type of  s o l v e n t ,  (3) a range of  i n h e r e n t  v i s c o s i t i e s .  A s  Judge 

R i c h  stated i n  In re A r l d e y ,  455 F.2d 586, 587, 172 U.S.P.Q. 523,S26 (CCPA 

1 9 7 2 )  for a n t i c i p a t i o n  u n d e r  35 U , S , C .  5 102 a r e f e r e n c e  must clear ly  and 

u n e q u i v o c a l l y  d i s c l o s e  t h e  c l a i n e d  s u b j e c t  n a t t e r  or direct  t h o s e  s k i l l e d  i n  

the art t o  s a i d  matter w i t h o u t  any need for  p i c k i n g ,  c h o o s i n g  and c o n b i n i n g  

v a r i o u s  d i c l o s u r e s  not  d i r e c t l y  r e l a t e d  t o  e a c h  o t h e r  by t h e  t e a c h i n g s  o f  t h e  

cited a r t .  

U.S.P.Q. 1007,1017 (D.De1. 1382), S t r u c t u r a l  R u b b e r  P r o d u c t s  Co. v Park Rubber  

Co. s u p r a  748 F.2d a t  716, 723 U.S.P.Q. a t  1271 .  

- See a l s o  General B a t t e r y  V. Could ,  Inc. 545 F. Supp 731, 744,215 

For t h e  f o r e g o i n g  r e a s o n s  r e s p o n d e n t s  have not s u s t a i n e d  their  burden i n  

p r o v i n g  t h a t  claim 13 of t h e  '756 p a t e n t  i s  i n v a l i d  under 35 U.S.C. 5 102. 

( F o o t n o t e  c o n t i n u e d  from page 4 4 )  
under took  a program a h e d  a t  a s s e s s f n g  the u s e  o f  a n  a i r  g a p  I n  t h e  s p l n n i n g  
of a n i d e  d o p e s  of L,4Bt ClPPD-T and PPD-T. 
c o n s f s t e n t l y  produced f i b e r s  w i t h  as-spun P r o p e r t i e s  T/E/W - 12 /6 /500 ,  
McBride u s i n g  a n  a i r  gap w i t h  the same 1,4B amide d o p e s  (PRD-27) was unable t o  
g e t  b e t t e r  p r o p e r t i e s  - his best p r o p e r t i e s  as-spun for these amide dopes 
were T/E/M/ - 1 1 . 0 / 8 . 1 / 3 7 1 .  McBrfde could n o t  get  any  b e t t e r  as-spun 
p r o p e r t i e s  u s i n g  an a i r  gap w i t h  PPD-T amide s o l u t i o n s  (PRD-44) - h i s  b e s t  
p r o p e r t i e s  as-spun for t h e s e  amide dopes were T/E/Zl - 7.7/4,3/380. 
work w i t h  a n  a i r  gap and ClPPD-T-amide dopes r e s u l t e d  i n  l o w e r  t e n a c f t l e s  than 
PRD-27 (1,4B). (T/E/M 9 8 .5 /6 .4 /300) .  (FF 273) .  

F i b e r  I3 (1,4B) wet spun had 

NcBrfde ' s 



Claims 13 I n  Not Obvious Under 35 U . S . C .  5 103 

Under 35 U . S . C  s 103, a patent may not be obtained if the differences 

between the subject matter sought to  be patented and the prior a r t  are such 

that the subject matter as a whole would have been obvious a t  the time the 

invention was made t o  a person having ordinary s k i l l  i n  the a r t  t o  which said 

subject matter pertains. I n  Graham v. John Deere Co., 383 U . S : l ,  148 

U.S.P.Q. 459 (1966), the Supreme Court detailed the factual  considerations 

which courts must apply i n  determining the question o f  obviousness. 

stated : 

The Court 

"Under 5 103, the scope and content of the prior ar t  are to 
be determined; differences between the prior a r t  and the 
claims a t  issue are to be ascertained; and the level  of 
ordinary s k i l l  i n  the pertinent ar t  resolved. Against t h i s  
background, the obviousness or nonobviousness of the subject 
matter i s  deternined. 
commercial success, long f e l t  but unsolved needs, fa i lures  of 
others,  e t c . ,  might be util ized to give l i g h t  to the 
circumstances surrounding the o r i g i n  of the subject matter 
sought t o  be patented. As indicia of obviousness. or 
nonobvfousness, these inquiries may have relevancy." 
(Footnote omitted). 

Such secondary considerations as 

(383 U.S. at  17-18, 148 U.SP.Q. a t  467). 

I n  United States  V. Adams, 353 U.S. 39, 148 U.S.P.Q. 479 ( l966) ,  the 

Supreme Court again treated the question of obviousness under s 103. 

Adams patent i n  issue covered a nonrechargeable e l e c t r i c  battery which could 

The 

be stored indef ini te ly  without any f l u i d  i n  i t s  c e l l s  and could be activated 

merely by adding water. The patent called for  battery electrodes of  magnesium 

and cuprous chloride, both battery elements being old i n  the ar t  though not 

previously combined i n  a single battery. The government had argued that wet 

bat ter ies  comprising a zinc anode and s i lver  cloride cathode were old i n  the 

a r t ;  and that the prior a r t  showed that magnesium may be substituted for  zinc 

and cuprous chloride for  silver chloride. I n  re ject ing th is  contention, the 
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Court  s t a t ed : 

"It begs the question . . . to s t a t e  merely that magnesium 
and cuprous chloride were indfvidually known battery 
components. If such a conbinatfon i s  novel, the issue i s  
whether bringfng then together as taught by Adam was obvious 
I n  l i g h t  of the prfor art ."  (Emphasis added). 

(383 U.S.  4 9 ,  148 U.S.P.Q. 4 8 3 ) .  

The Court a l so  mentioned the tremendous coclmercial success o f  the Adans 

battery and identified th is  as  a factor bearfng on the question o f  obviousness. 

" [Slecondaty considerations" referenced by the Supreme Court i n  the 

Graham case are  considered for  whatever probative value they have. 

V .  Hardy, 727  F.2d 1524, 220 U.S.P.Q. 1021 (Fed. Cir. 1984) Chief Judge Xarkey 

I n  - Jones 

stated : 

"Objective indicia of nonobvousness, when present, nust 
always be considered before a legal  conslusfon under 5 103 is 
reached. Stratof lex ,  Tnc. V. eroquip Corp. ,  713 F.2d 1530, 
1538, 218 U.S.P.Q.  871, 879 (Fed. Cir. 1983). [Patentee] 
Jones introduced evidence of long-felt need and commercial 
success. Hardy's admitted infringement constitutes some 
evidence of the merits of the claimed invention over t h e  
p r i o r  a r t  praised but avoided by Hardy. 

(220 U.S.P.Q. a t  1026). 

Evidence of commercial success i n  "extremely strong and i s  ent i t led to great 

weight". Sfmonds Fastener Corporation v. i l l i n o i s  T o o l  Works, Tnc. 222  

U.S .P .Q.  744, 747 (Fed. C f r .  1?84),  

35 U.S.C. $ 103 further requires t h a t  the m i n d  be cast  back to "when the 

invention was nade" and requires a determination of whether the fventfon 

"would have been obvious" at that tine. Ploreover, the question w h i c h  always 

has to  be answered i n  a 5 103 situation i s  whether the subject matter of the 

invention "as a whole" uould have been obvious. Rosectount, Tnc. v. Beckman 

Tnsts., Inc. ,  7 2 7  F.2d 1540, 221 U.S.P.Q. 1 (Fed. Cfr. 1934). 
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Respondents argue that the process clkfmed i n  each of  the thirteen claims 

of the ' 7 5 6  patent would have been obvious t o  one of ordinary s k i l l  I n  the a r t  

under Section 103 by reason of Morgan '645 when considered w i t h  the Kwolek 

'542, Bafr e t  a1  '941, and Cipriani '793, patents,  the other air-gap spinning 

a r t  and Du Pont's internal  prior work which preceded Blades' inventfon (RPH 

pp. 24-25). 

obviousness of the Blades invention. 

Baily,  i s  not an expert in the spinning of f ibers  i n  l i q u i d  c rys ta l s -  

Respondents presented two vi tnesses who t e s t i f  ied on the 

One of these witnesses, Dr.Wlliam J. 

Respondents' other expert Dr. Robert B. Davis has no experience w i t h  

anisotropic or l i q u i d  crystal l ine  solutions or the handling of  anisotroPic 

PPD-T solutions. (FF 338). S p i n n i n g  o f  f fbers  and anisotropic PPD-T 

solutions are c r i t i c a l  to the claim 13 process. (FF 47). Neither of 

respondents' technical  witnesses showed how the teachfngs of the.references, 

f o r  example the Morgan process which uses the tradi t ional  f i b e r  making 

approach (FF 250-252) and the Kwolek and Bair e t  a1  processes which  use the 

l i q u i d  c rys ta l l ine  approach for  making f ibers  (FF 253-255) could properly be 

brought together or combined without reconstructing the teaching of these 

patents nor d i d  they show where there i s  a direction i n  these patents for any 

proposed combinations. (FF 339, 341, 342). I n  contrast Du Pont's expert Dr. 

Uhlmann an expert i n  the f i e l d  of s p i n n i n g  polymer solutions, (FF 384) 

particularly para-amides, t e s t i f i e d  at the hearfng that one sk i l l ed  i n  the ar t  

would be directed by the teachings of the Horgan '645, Kwolek '542 and Bafr e t  

a l  '941 patents - not t o  combine them. 

wanted t o  produce h i g h l y  oriented f ibers  as-spun and that llorgan '645 wanted 

the opposite, namely isotropic ,  largely unorfented f ibers  as  spun. (FF 340). 

Dr. Uhlmann pointed out that Kwolek 

A simple examination of each of t h e  ci ted art further teaches away from 

combining the references i n  the absence of the benefit o f  the  '756 patent. 
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Thus the the largest PPD-T concentration used i n  Examples 1 ,  2 and 7 2  o f -  

Kwolek ' 5 4 2  (FF 311-313) was about 12%. 

5.7 t o  7 gpd. (FF 314). ihe PPD-T concentration of the claim 1 3  process 

which  i s  the preferred concentration of the '756 patent, i s  at  least  13 

present,. Kwolek ' 5 4 2  patent spins dopes by conventional wet and dry s p i n n i n g  

techniques. (FF 313). I n  the Morgan '645, patent, although Pforgan '645 

Tenacities of the polyner ranged from 

suggests a vast number of polymers there was only one polyamide.that is 

encompassed by t h e  formula of the claims, 1 and 10 of the '756 patent v i z .  

poly-4,4'-diarninobenzaPide terephthalamide (4 ,4 'DABT) .  However no example 

- 

showed that polymer being spun or even i n  a s p f n n i n g  solution. A l l  of the 

other polymers disclosed i n  the Norgan ' 6 4 5  patent contain radicals  w i t h  

nonextended bonds, e . g . ,  aeta-oriented segments, which are not encompassed by 

the claims of the ' 7 5 6  patent. (FF 269-2731. 

The largest PPD-T concentration i n  t h e  Bair et a1 '941 patented examples 

i s  about 10f. (FF 313). The Bair et a1 patent does not disclose heating 

PPD-T and sulfuric  acid to form a s p i n  dope. (FF 314). Dopes i n  the Bair et 

a1 '341 patent are spun by conventional wet and d r y  spinning. (FF 315). 

There is no suggestion i n  the Cipriani '733 patent that d r y  j e t  wet s p i n n i n g  

could be used to  any advantage i n  the s p f n n i n g  of polyamides from s u l f u r i c  

acid solutions. (FF 354) .  Post-coagulation stretches are essent ia l  to 

obtaining a t t rac t fve  mechanical properties i n  the '713 patent. Eo such 

stretches are used uith Blades' f iber .  (FF 356) .  

Respondents' e f fort  to pick and choose among the prior a r t  disclosures is 

an approach disapproved by the Federal Cfrcuit for a Section 103 analysis. 

The patent challenger may not use the claims of a patent as a frame, and 

enploy individual parts of separate prior ar t  references "as a mosaic to 

recreate a facsimile of the claimed invention." 

vD Carlock, s u p r a  

1l.L. Gore d Associates, z- 
721 F.2d a t  1552, 220 U . S . P . Q .  at  312. -' 
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I n  contrast to respondents' attempt to p i c k  and choose, the examples of 

the '756 patent specif ication c lear ly  support the patentabil i ty of the use of 

preferred dope of  c la ius  13, - vir .  between 40 and 56 grams of poly(p-phenylene 

terephthalamide) (PPD-T) having an 1.V .  of a t  l eas t  3 , O  per 100 ml. of a t  

l e a s t  989; sulfuric  acid w i t h  the amount of polymer being between 18 and 23.4 

weight percent, (FF 33). A study of the examples show the fo l lowing :  (FF 

59, 60, 61). 

- Ex. Conc. of Polymer Tenacity 

I 
I B  

I 1  
I 1  c 
TI1 ( d )  
V I  
VI1 

20 
20 
20 
20 
20 
20 
20 

18 
26 
15-24 
18 
27 
16-25 
24,  22 ,  19 

I n  addition to the non-disclosure of claim 1 3  i n  the prior a r t ,  the 

record establishes objective indicla or secondary considerations that supports 

non-obviousness. Inventor Blades solved a problem a t  Du Pont which Du 

researchers had been working on for f fve  years. 

their  manufacture o f  aramid f iber  

( F F  117-190). Respondents i n  

Du Pont uses the steps of the 

Blades process i n  manufacturing its "Kevlar" which has achieved widespread 

commercial success by supplmentfng p r i o r  art  f ibers .  (FF 11-22, 29). 

W i t h  respect t o  the patent aspects of this  investigation respondents 

alleged two "myths" that Du Pont i s  said to have sought t o  perpetrate i n  th is  

investfgation. Nyth KO. 1 is that i n v e n t o r  Blades did something contrary to 

conventional wisdom when he warmed t h e  semi-solid dope to make i t  spinnable. 

SO 



Akzo asserts  that Du P o n t ' s  Elagat conceived this  arguoent sometime i n  l a te  

1971- and put i t  i n  his "PIP-3 History"; and that Du Pont's witnesses a t  t h e  

hearing attempted to establ ish  it. Respondents argue that there i s  no 

4 1  

evidence showing that prior to  December 1 3 6 9  researchers w i t h i n  Du Pont were 

reluctant to heat PPD-Tjsulfuric acid dopes because of a fear  o f  degrading the 

polyaer and that ,  to the contrary, a number of researchers w i t h i n  Du Pont had, 

i n  f a c t ,  heated dopes before the Clades' invention. They further argued that 

p r i o r  a r t  patents, disclose heating PPD-T/sulfuric acid dopes. (RPH p. 2 ) .  

Alleged llyth No. 2 ,  asserted by respondents, i s  that inventor Blades W a s  

the inventor of the '756 process. It i s  argued that Blades was investigating 

s p i n n i n g  of PPD-T in aramide solvents a t  the time the llorgan '645 patent came 

to I)u Pont'.s Boettcher's a t tent ion;  that Dr. Boettcher suggested that 

inventor Blades try the Nonsanto Norgan ' 6 4 5  a i r  gap process; that Blades d i d  

SO and iamediately confirmed the'spin s t re tch  fac tor  and wind-up speed 

improvements predicted by the p r i o r  a r t .  It i s  further argued that i n  

December 1369 Dr. Hagat of Du Pont directed inventor Blades to t r y  the 

Monsanto Morgan ' 6 4 5  air  gap process w i t h  PPD-T dope dissolved i n  concentrated 

sulfuric ac id ;  that inventor Blades' i n i t i a l  dopes were at  10% polymer 

concentration; that Du Pont's Dr. Antal suggested to inventor Blades that 

higher concentrations would be possible if the dopes were heated; and that 

inventor Blades merely confirmed t h e  benefits  suggested by the prior a r t  as he 

adopted each of the suggestions o f  Du Pont's Boettcher, Eiagat and Antal. (RPH 

pp. 2-31. 

- 4/ Du Pont's Elagat attached a "NP-IIistory" to his memo dated Septenber 2 ,  
1971 to J.N. G r i f f i n g  of Du Pont. I n  the memo i n  referring to the history, 
Magat stated that he had emphasized the development of PPD-T f i b e r  from i t s  
early discovery to  the f ina l  PRD-58 product. (CX-803). 
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(FF 410-427). tloreover internal  Du 

Pont reports,  prior to the Blades' invention favored s p f n n i n g  PPD-Tlsulfufrc 

acid dopes a t  a polymer content considerably l e s s  than 18%. (FF 178) .  They 

also show a concern about degradation of ppD-T i n  sulfuric  acid. 

1 5 6 ,  171). A l so  a concern about polymer degradation i s  disclosed i n  the ' 755  

patent specif ication (FF 41, 56). A notebook entry by inventor Blades i n  

A p r i l  1970 when he carried out his  f i r s t  experiment w i t h  20% PPD-T/sulfuric 

acid shows a concern about degradation of PPD-T by sulfuric  acid. 

Thus the administrative law judge finds support i n  the record, unrelated to 

any patent controversy, for a concern about degratation of PPD-T. in  sulfuric 

acid when inventor Blades made his  ' 7 56  inventfon i n  A p r f l  1970 (FF 230) 

(FF 1 5 1 ,  

(FF 231). 

- 5/ Respondents argue that the prior ar t  indicated that aromatic polyanides 
can be heated without significant degradation and r e f e r  t o  such prior a r t  as  
Br i t ish  patent 1 , 0 0 6 , 6 7 3  to Celanese published on October 6, 1365  (RPFF-250). 
Reference i s  made to  FF 368 f o r  the disclosure of t h i s  patent, Signif icantly 
although there is mentioned a large ,  almost Urnitless, number of synthetic 
l inear  polymers containing repeating -cC, NR- groups, the two examples i n  the 
Celanese B r i t i s h  patent are limited polyhexamethylene terephthalamide. 
369). The admfnistrative law judge has been unable to  f i n d  i n  any of said 
p r i o r  a r t  even an attempt to  form and heat a PPD-T/ sulfuric  acid solution 
wherein the PPD-T is at  least  18 weight percent-, and the sulfuric acid i s  a t  
least  93% concentration. The judge believes Du 

(FF 

(Footnote continued to page 53) 
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Regarding t lyth No. 2 ,  Du Pont admits to the suggestions of Drs. Boettcher 

and Nagat (Tr .  p. 4 0 3 0 ) .  The record supports the suggestions. (FF 209 ,  

215). The testimony as to whether Dr. Anta1 suggested t o  Blades higher 

concentrations of PPD-T if sulfuric  acid dopes were heated i s  uncleor. (FF 

185, 187). There i s  an indication that inventor Blades had started design o f  

the mixer device used t o  prepare the dopes of h i s  '75G invention before Anta1 

started working f o r  Blades. (FF 185, 217). I n  any event clairn.13 o f  the '756 

patent i s  not directed to  what merely D r .  Boettcher - or Dr. Nagat - or possibly 

Dr.  Anta1 suggested to inventor Blades. Rather claim 1 3  i s  directed to a 

process comprising a combination o f  elements involving extruding s p i n n i n g  

dopes containing a t  least  13% PPD-T by weight, having an inherent viscosity of  

a t  least  3, dissolved i n  sulfuric  acid of a t  l eas t  98% concentration from an 

o r i f i c e  though an a i r  gap into an aqueous coagulation bath at a temperature 

under SO'C. (FF 33). The record establishes that this  combination, which  can 

Produce an aramide f i b e r  w i t h  tenacity of  about 20 gpd (FF 59, 60, 61),  

originated w i t h  inventor Blades. 

Respondents argue that i f  one plots  tenacfty of f iber  against 

concentration, of  PPD-T i n  concentrated sulfuric acid dope, tenacity goes U P  

Proportionately and hence bet ter  fibers would be expected w i t h  an increase 

concentration and that that i s  what the prior a r t  teaches (Tr. p. 4071), that 

" a l l  we are talking about here, and a l l  that the contemporaneous records show 

w i t h  respect to Blades' a c t i v i t i e s  i s  that as you increase t h e  concentration, 

which you are permitted to do a f t e r  you go to  an a i r  gap system, you increase 

(Footnote continued from page 52) 
Pont ' s 
concern for degradation o f  t h i s  solution on the application of heat. 

own internal  research records adequately demonstrate a 
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proportionately and i n  a straight l i n e  the f iber properties" (Tr. P. 4 1 5 0 ) ;  

that while the a i r  gap doesn't g i v e  you inherently a better tenacity, "it  i s  

the increased concentrations that does that, and i t  i s  i n  the a i r  gap and the 

a b i l i t y  t o  use a hot dope t o  get more polymer into solvent that i s  responsible 

ultimately for having a higher concentration and a higher  viscosity 

4157); that a p r i o r  a r t  Ucci patent (FF 370) discloses that "an advantage of 

the present inventions i s  the fact that s p i n n i n g  solutions having much higher 

temperatures can be employed than ordinarily used i n  wet spinning. 

greater percentage of polymer i n  the solutions can be used with success "Or. 

P o  4164); that as one increases the concentration of PPD-T, the tenacity 

increases i n  a straight l ine function as "Dr. Blades i n  RX-188 the VerYS 

w i t h i n  a day or  two whatever i t  was a f t e r  he f i r s t  made his so-called h i g h  

tenacity breakthrough, he got his people together and one o f  the.things he d i d  

"(Tr. P S  

Hence a 

vas show them a p l o t  of tenacity against concentration"; that "it was well 

known i n  the art  that as you increased concentrations up to some point - - e -  

either the concentration of the polymer or the inherent viscosity of the 

polymer or both, you improve the tenacity of the resulting fiber" (Tr. p -  

4168); and that the Du Pont reports o f  Kil l ian,  Mukamal and Bair disclose 

s p i n n i n g  of PPD-T sulfuric and dopes w i t h  the sulfuric acid of a t  least 38% 

concentration. (TT. p- 4149). 

The administrative law judge is not persuaded by respondents' arguments. 

Respondents w i t h  their reference to  RX-183 concede that i t  was Blades who 

first showed a straight lLne function i n  a PPD-T/sulfurlc acid system 

increasing to a concentration of 20%. 

a r t  which discloses a strafght line f u n c t i o n  i n  a PPD-T/sulfuric acid systen 

w j t h  respect to increased PPD-T concentration and increased tenacity. 

References, such as the Ucci patent (FF 370) .  are not to a PPD-T/sulfuric  acid 

- 
Respondents have not provided any prfor  
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anisotropic dope system. 

admitted that the a i r  gap 

Futhermore i n  none of the 

Moreover respondents i n  their  arguments have 

does not inherently result  i n  a bet ter  tenacity. 

patents which describe d r y  j e t  wet spinning i s  the 

a i r  gap method taught as an approach to make as-spun f ibers  w i t h  h i g h  

tenacity,  nor t o  use w i t h  l i q u i d  c rys ta l l ine  solutions nor to use d r y  j e t  

s p i n n i n g  f o r  the production of h i g h l y  c rys ta l l ine  as-spun f ibers .  (FF 

385-388) 

Respondents' reference t o  the Du Pont reports of K i l l i a n ,  Plukamal and 

Bair supports the patentabil i ty of the claimed subject matter. 

s c i e n t i s t s  have a t  l e a s t  ordinary s k i l l  i n  the ar t  and had been working w i t h  

PPD-T before inventor Blades entered the scene i n  Jan. 1969. (FF 200) .  Balr 

started such work a t  l eas t  i n  Mov. 1965. (FF 145). Hukamal was involved w i t h  

PRD-27 research at  least  i n  early 1968. Ki l l ian  a lso  was involved 

w i t h  PPD-T i n  1968. 

period of August 1968 t o  Narch 1969 were only a t  the 10% solids of PPD-T W i t h  

a few a t  9% sol ids  level  (FF 178) and Ki l l fan encountered very signif icant 

processing problems because of the high viscosi ty  of the s p i n n i n g  solutions* 

Hence h i s  work was stopped. 

show the scientists working w i t h  PPD-T/sulfuric acid dopes where the 

Concentration of polymer went to 202. It was not u n t l l  inventor Blades 

started work w i t h  aromatic polyamides i n  early 1969 that i n  A p r i l  1970 he and 

Du Pont obtained spinnable PPD-T/sulfuric  acid anisotropic dopes that 

consistently produced "as spun" f ibers  o f  high tenacftY. 

These 

(FF 171 ), 

Most of the'dopes prepared by 1:illian from t h e  

(FF 181). The Mukamal and Bair reports do not 

Respondents' arguments assume that the p r l o r  a r t  teaches increasing the 

concentration o f  P P P T  i n  sulfuric acid of  a t  least  98% concentration 8s 

Inventor Blades d i d  i n  A p r i l  1970. (FF 231). 
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For the foregoing reasons responents have not sustained the i r  burden i n  

proving that claim 13 of the '756 patent i s  invalid under 35 U.S.C. 5 103. 

Claim 1 3  Is  Not Xnvalid U n d e r  3f U . S . C .  112 

35 U.S.C.  5 112 se ts  the standards by which  to gauge the propriety and 

sufficiency of the disclosure and claims of  a United States  patent. Pertinent 

to the issues i n  the case,  are the following f l r s t  and second paiagraphs of 35 

U . S . C .  § 112- 

5 112, Speciffcation 

The specffication sha l l  contain a written description of 
the invention, and of the manner and process of making and 
using It, i n  such f u l l ,  c l ear ,  concise,  and exact terns as 
t o  enable any person sk i l l ed  f n  the ar t  to  w h i c h  i t  
pertains,  or w i t h  which  i t  i s  most nearly connected, to 
make and use the same, and shall set forth the best mode 
contemplated by the inventor of carrying out h i s  Invention. 

T h i s  speci f ic t ion sha l l  conclude w i t h  one or more claims 
particularly pointing out and d is t inc t ly  claiming the 
subject matter which  the applicant regards as h i s  
f nven t ton, 

The presumptfon o f  val idi ty  of 35 U . S . C .  5 282 applies equally to a 112 

challenge and thus nay be overcome o n l y  by c lear  and convincing 
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evidence. Radio S tee l  6 Nfg. Co, v. lTTD Products, Tnc., 731 F.25 840 ,  8 4 5 ,  - 

221 U.S.P.Q. 657, 661 (Fed. C i r .  1984); Jones v. Hardy, 727 F.2d 1 5 2 4 ,  1 5 2 8 ,  

220 U.S.P.Q. 1021, 1024 (Fed. C i r .  19134). 

* - - 

Akzo argues that the claimed subject matter f a i l s  t o  sa t i s fy  the 

requlrements of the f i r s t  and second paragraphs of 4 112. 

argues that the ‘756 patent s t a t e s  (col .  6, l ines  73-75): 

In support, Akzo 

It has been found advantageous i n  some instances t o  deaerate 
the l i q u i d  dope at reduced pressure prlor to  s p i n n i n g .  
(Emphasis added). 

When that statement (and the absence of any further instructions i n  the 

patent) i s  considered i n  the l i g h t  of what Du Pont actually believed and d i d  

w i t h  respect to deaeration or  degasLffcation of t h e  dopes processed i n  i t s  

HDF-I, MDF-I1 and commercial plants,  i t  is argued that i t  i s  apparent that the 

Blades’ patent 

subject. ( R P H  

Akzo also  

or even 15 gpd 

specif ication i s  defective and i s  grossly misleading on the 

pp. 30-31). 

argues that claim 13 i s  not directed j u s t  to producing 18 g p d ,  

t ens i le  strength f i b e r s ;  that such a claim would require f a r  

more c r i t i c a l  limits than are present i n  claim 13; that the Examiner I n  

applicant*s S e r i a l  No, 172,515 rejected the claims on the basis that the “wet 

s p i n n i n g  steps are not c lear ly  defined” 

that he further stated in applicant’s  Ser ia l  No. 239,377 that “process steps 

should define s p i n  draw factor” and (Office Action of  December 1 9 ,  1972); that 

i n  the l a s t  application, S e r i a l  No. 268, 052 which  resulted fn the ‘756 patent 

the examiner again required that the spin stretch factor  ( S S F )  be util ized in 

the claims (Office Action of January 2, 1973); that f o r  a given bath 

temperature some mininun sp in  s t re tch  factor  (SSF) was needed i n  Blades’ 

process to achieve desired properties,  and the minimum SSF i s  i n  the range of 

(Office Action of A p r i l  12, 1972); 
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2 . 5  to 3 for "most systems"; that even a t  a bath temperature of 40°C -- well 

below the 5OoC l i m i t  of claim 13'for bath tenerature - f ibers  of 18 gpd 

tensi le  strength required 8 minimum SSF of 4 . 0 ;  that Du Pont was f u l l y  aware 

of the c r i t i c a l i t y  o f  a number of variables,  i n c l u d i n g  bath temperature, 

inherent viscosi ty ,  spin stretch factor and hole sizing;  t h a t  thls  necessity 

for a m i n i m u m  SSF t o  achieve a given level  of tens i le  strength is evident from 

a study o f  Blades' own notebooks, which also show that a bath temperature of 

2 O o C  o r  l e s s  is needed to "reasonably" ensure 18 gpd and from Blades' progess 

report PR-70-131; and that Blades knew s p i n  stretch fac tor ,  specif ic  b a t h  

temperature, inherent viscosi ty ,  capillary hole s izes  were a l l  c r i t i c a l  

variables i n  a dope system of 20% PPD-T i n  100% sulfuric acid.  Hence i t  1s  

argued that Blades overclafmed the subject matter by omitting c r i t i c a l  

l imitations. (RPH p.  32). 

Akzo further argues that oniy 64.6% of Blades' claim 13 experimental runs 

resulted i n  f i b e r  possessing tensi le  strength over 15 gpd. 

243). 

(RPFFR 807;  PF 

Du Pont argues that inventor Blades d i d  not regard deaeration as 

necessary i n  a l l  cases and that i n  any event Blades sets  forth one method Of 

deaeration i n  Example I1 o f  his '756 patent; that inventor Blades d i d  not 

consider any particular s p f n  s tretch fac tor  to  be part of the subject matter 

which he regarded as h i s  invention and therefore properly d i d  not claim one; 

that Blades claimed c lear ly  and d is t inc t ly  sets forth i n  his claim what he 

regarded as his invention. (CPHR pp. 17-18). 

The administrative law judge f i n d s  that Akzo has not  overcome by c lear  

and convincing evidence the presunption of validity o f  claim 13 w i t h  respect 

to  35 U.S.C. 3 112. Inventor Blades t e s t i f i e d  t h a t  he d i d  not regard 

deaeration as necessary fn a l l  cases. (FF 195). 
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lloreover deaeration of spinning dopes prior to the Blades invention was an old 

and standard technque, (FF 195). 

As to s p i n  s tretch fac tor ,  inventor Blades d i d  not consider any 

particular s p i n  s tetch ( o r  s p i n  draw) factor  to be part of the subject matter 

which he regarded as his invention as supported by col.  8 ,  Is. 33-49 of the 

'756 patent. (CX-6, RX-57). Thus when the Patent Examiner i n  the l a s t  

Off ic ia l  Action prlor t o  allowance and issuance of the Blades '756 patent,  

stated (CX-843 a t  p.. 66, Q 3): 

"Instant process should define spin draw factor.  
steps should be dis t inct  from d r y  spinning, in ter fac ia l  
s p i n n i n g ,  pleximentary s p i n n i n g ,  semi-melt s p i n n i n g ,  e tc . "  

Process 

bu Pont ' s  sttorney disa'greed (CX 843 at  p. 7 4 ,  second f u l l  para.): 

"It i s  believed that the instant process claims adequately 
define the present invention and are distinct from d r y  
s p i n n i n g  and the other s p i n n i n g  techniques enumerated i n  the 
outstanding Office Action. While Applicant i s  prepared to 
insert  a range of spin stretch factors ,  nevertheless i t  i s  
velieved that his i s  unnecessary and would merely confuse the 
Issue." (emphasis added) 

Noreover the '756 specif ication provides d e t a i l  and guidance as to 

extrusion conditions, v i z .  spinnerets, j e t  veloci ty ,  s p i n  s t re tch  factof ,  

f l u i d  layer,  s p i n  tubes and gufde, coagulating bath, working drying and heat 

treatment. (FF 49-56). With  respect t o  Akzo's argument that only 64.62 Of 

Blades c la in  13 experimental runs  resulted i n  f i b e r s  processtng-tensile 

strength over 15 gpd, while Akzo states that the experiments "conforms w i t h  

the limitation by Blades '7S6 patent claim 1 3 "  (RPFFR 806). Akzo has not shown 

the precise experimental conditions for  each of the numerous experimental runs 

f t  has referred t o  (FF 243). 

- 

Inventor Blades teaches i n  h i s  '756 patent 
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specif ication that even w i t h  t h e  l imitations of claim 13  i f ,  for example, the 

extrusion temperature f o r  a s p i n  is 115-120", the resultant tenacity can be 3s 

l o w  as 11. (FF 61, EX. 1'11). 

AkzO argues that the conditions used i n  the scale up o f  the Blades' claim 

13 process (FI: 131-133) should be a part o f  claim 1 3  and/or '756 patent 

specification. However claim 1 3  is based on the examples (experimental r u n s )  

set f o r t h  i n  the '756 patent specif ication which show increased. tenacity Of 

resultant fiber.  I t  was not based on a scale up of the examples. It i s  not 

the purpose of  a patent claim or  patent specif ication to  be a "cookbook" 

recipie where every instance of  a development o f  a claimed process i s  detailed 

i n  minutiae. A claim does not have t o  include solutions to problems w h i c h  

would be routinely investigated, such as i n  an scale up o f  a claimed process, 

by one o f  ordinary s k i l l  i n  the art. 

U . S .  251,270-71 (1316). 

See lfineral Separation, Ltd. v. - Hyde 242 . -  

For the foregoing reasons Akzo has not sustained i t s  burden i n  proving 

that claim 13 i s  i n v a l i d  under 35 U.S.C. 5 112. 

The '756 Patent I s  Not Unenforceable Because There Was No Misconduct In Its  
Prosecution 

Akzo argues that Du Pont must be denied the r e l i e f  It seeks i n  th i s  

investigation because i ts  "hands are unclean"; that i t  has been g u i l t y  of 

inequitable conduct because Du Pont's patent attorney who prosecuted the 

applications leading to the '756 patent withheld the following information he 

knew o r  should have known should have been supplied to the Examiner: 

1) Du Pont's substantial experience, w h i c h  included 
a Cellura Report PR-71-40, w i t h  spinning sul fur ic  acid 
dopes of 4,4'-DABT and t h e  quality of fibers produced 
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while arguing that i t  would not be obvious to use the 
dopes of Kwolek '542  end the Elorgan 'G45 processes when 
both patents explicitly disclosed spinning concentrated 
sulfuric acid dopes o f  4,4'DAIIT; 

2) the Boettcher suggestion and the fact that i t  was 
prompted by the blorgan '645 patent; and 

3 )  the Hagat and Anta1 suggestions which led Blades 
directly to  high polymer concentration, 100% H2S04 
dopes to s p i n  i n  the Norgan ' 6 4 5  process. 

Akzo argues that the three unrequested affidavits - the affidavits of 

llcBride, DeDominicis and Hatchard -- i n  the prosecution of the Blades patent 

application which led t o  the issuance of the ' 7 5 6  patent were submitted with 

the intent to show purported patentability over the p r i o r  a r t ;  that they were 

deceptive i n  that counsel knew or should have known that compara5ive testing 

directed t o  alr-gap s p i n n i n g  of 4,4'-DABT i n  concentrated sulfuric acid or at  

least afr-gap spinning of Examples 21,  23B,  63, 71 and 81 o f  Kwolek '542 would 

have been f a r  more useful to the Examiner i n  deciding the issue Of 

patentability; that instead Du Pont formulated a series of experiments, which 

are reported i n  the three affidavits,  calculated to lead the Examiner astray; 

that the three affidavits were submitted together w i t h  a l i s t  of p r i o r  a r t ,  

without explanation, after  a "premature" interview; that no affidavit showing 

the preparation or spinning o f  a sulfuric acid/4,4'-DABT dope was volunteered 

and that i f  i t  had been, there could have been no allowance. ( R P H  p. 34)- 

Du Pont argues that bkzo's instances of allegedly withheld material 

information simply are straw men. Thus i t  states that Cellura test i f ied that 

the work i n  his report PR-71-40 was done by h i m  a f t e r  he was aware of Blades' 

"major invention", w i t h  "a tremendous amount o f  day-today contact w i t h  llerb 

[Blades]", and that Cellura had used Blades technology and h i s  t w i n  cylinder 

device t o  heat and mix the spin dopes; that Boettcher's suggestion was not a 

- 
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nater ia l  part of Blades' invention and was not prior a r t ;  that the Horgan '-645 

patent was cited t o  the Patent Office and i t  disclosed the a i r  gap; that  

Flagat's suggestion was never reduced t o  practice by him and not prior a r t ;  and 

that Anta1 s imply  did not make material suggestions t o  Blades. ( C P N ?  p. 13). 

W i t h  respect to the three af f idavits  submitted during the prosecution of  

the application w h i c h  resulted i n  the '756 patent, Du Pont argues that Akzo 

does not contend that there was anything fa l se  or  m i s l e a d i n g  i n .  the a f f idavi t s  

themselves; that Akzo c i t e s  no authority i n  support of i t s  novel theory that 

the truthful submission of  experimental data could be the basis of inequitable 

conduct because the patent challenger asser t s  that a different experiment 

w h i c h  the Examfner d i d  not ask for  would have been "more useful" to him- 

(CPHR, p. 20).  

The prosecution w h i c h  led to the issuance of the '756 patent was f a i r l y  

exhaustive. (FF 63-102). I t  involved examination of f o u r  applications on the 

subject matter by the same patent examiner, Jay 11. 1100. The Morgan ' 6 4 5  

patent was speci f ica l ly  referred to  by Du Pont i n  the applications as f i l e d  

teaching a dry-jet water spinning process of extruding a solution of wholly 

aromatic polyamides through a gaseous medium into a coagulating bath. (%F 

36). The Examiner repeatedly re l ied on the Elorgan ' 645  and Kwolek ' 5 4 2  

patents i n  h i s  re ject ions.  For example he pointed out that the ' 6 4 5  patent 1s 

directed to the "same polyamides" as involved i n  the ' 7 5 6  process claim and 

acknowledged the dry-wet s p i n n i n g  process taught by the E!organ ' 6 4 5  patent and 

which was suggested by Du Pont's Boettcher. The Examiner a lso  pointed out 

that the Kwolek '542 patent teaches applicant's claimed s p i n  dope composition 

and the f i b e r s  from t h e  Xwolek '542 patent have a h i g h  tenacity. (FF 8 0 ) .  

The Examiner further cited additional art to show air-gap spinning a n d  j e t  

spinning processes. (FF 6 4 ) .  Du Pont brought to the attention o f  the 

63 



3 
Examiner a r t ,  f o r  example Ucci U.S.: 3,050,210 and Cipriani U.S .  3 , 2 2 7 , 7 3 3 ,  

re l ied on by Akzo. (FF 68). Du Pont i n  the prosecution spec i f i ca l ly  admitted 

that Elorgan ' 6 4 5  encompassed 4,4'DABT (which Akzo now argues should have been 

the subject of the three a f f idavi t s  submitted i n  the prosecution o f  the 

applications which led t o  the ' 7 5 6  patent) but correctly pointed out that 

there i s  no exanple showing 4,4'DABT being spun or even i n  a spinning 

solution. 

disclosed i n  Morgan '645 contained radicals  w i t h  nonextended bonds, e.g. 

meta-oriented segments. Du Pont also admitted to  the Examiner that 

Morgan '645 disclosed "concentrated sul fur ic  acid" w h i c h  Magat had called t o  

Blades' attention. (FF 71). 

(FF 7 0 ) .  Signif icant ly  Du Pont argued that a l l  the other ~ O l P e r s  

(FF 7 0 ) .  

The Examiner was f u l l y  aware that the Kwolek '542 patent taught s p i n n i n g  

i n  98% concentrated sulfuric  acid. (FF 8 0 ) .  lbreover many of tbe references 

re l ied on by Akzo were even discussed by Du Pont a t  an interview w i t h  the 

Examiner. (FF 90). A l s o  the Examiner not only re l ied on the Kwolek '542  

Patent but spec i f i ca l ly  referred to  example 23 (FF 92) and Du Pont's attorney 

admitted to the Examiner that the s p i n  dope o f  Example 23B of the Kwolek ' 5 4 2  

patent,  referred t o  by Akzo, meets the requirements of the s p i n  dopes of 

certa in  of t h e  Blades claims before the Examiner. (FF 96).- 6' I n  addition, 

the Examinier was aware that the art recognized the advantage of the air-gap 

wet spinning technique to  promote "spin-stretch" e f f e c t  f o r  wholly aromatic 

polyanide f ibers .  (FF 38) .  

Based on the foregoing, Akzo, has not sustained i t s  burden i n  proving  

that the '756 patent i s  unenforceable because i t  was produced by inequitable 

- 6/ 
Kwolek are l i t e r a l l y  encompassed by the Blades ' 756  patent c la ins .  

Akzo contends that the s p i n n i n g  dopes of Examples 2 1 ,  23B, 69 and 81 of 
(RPPF 165). 
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conduct before the United States Patent and Trademah Office.  

VII. AFFINUTIVE DEFENSES 

As affirmative defenses Akzo argues that Du Pont's '756 patent is 

unenforceable bacause of ant i trust  violations,  patent misuse, and other 

inequitable conduct. 

been to "prevent -- delay -- l i m i t "  Akzo's entry i n t o  the aramid f iber  market 

by a "whole complex of ac ts "  that together constitute a serious ant i trust  

violation of Section 2 of the Sherman Act, that Du P o n t ' s  anticompetitive and 

inequitable conduct constitutes patent misuse even i f  it  does not  give r i s e  to 

the level  o f  a Section 2 violation (RPH pp. 36-52; Prehearing Tr. p. 252) .  

Akzo's position i s  that Du P o n t ' s  overall. scheme has 

Akzo a lso  argues that ,  i n  addition to  the alleged overall  scheme of Du 

Pont to "prevent -- delay -- l i m i t  Akzo's market entry" into  the aramid f i b e r  

market, Du Pont's p r i c i n g  practices,  i n c l u d i n g  value-in-use p r i c i n g ,  v iolate  

Sections 1 and 2 of  the Sherman A r t  and a lso  t h e  Robinson Patman Act and 

constitute patent misuse. (RPH pp. 52-59]. 

Akzo argues further that Du Pont has misappropriated an Akzo patent on 

the  only commercially feas ib le ,  non-carcinogenic solvent f o r  the manufacture 

of aramid f i b e r  . (RPH pp. 59-61>. 

Some f i f t y  years ago the Supreme court stated in United States v. 

Dubilier Condenser Corp. 187 U.S. 178, 179 (1933) stated: 

BY Article  I ,  5 8, clause 8 of the Constitution, Congress 
i s  given power to promote the progress o f  science and the 
useful a r t s  by securing for limfted times to inventors the 
exclusive rights to the i r  respective discoveries. R.S. 4886 
as amended ( U . S .  Code, T i t l e  35, 31) i s  the l a s t  of a 
series of statutes which  since 1793 have implenented the 
cons t i t  u t  Lonal provision. 



Though often so characterized, a patent is not, accurately 
speaking, a monopoly, f o r  i t  i s  not created by the 
executive authority a t  the expense and to the prejudice of 
a l l  the community except the grantee of the patent. 
Seymour v. Osborne, 11 Wall. 516, 533.  The term monopoly 
connotes the g i v i n g  of an exclusive privilege for  buying,  
s e l l i n g  working or using a t h i n g  which the public f reely  
enjoyed prior to the grant. 
something from the people. . A n  inventor deprives the 
p u b l i c  of nothing w h i c h  i t  enjoyed before his discovery, 
but gives something of value t o  the community by adding t o  
the sum of  human knowledge. United States v.  Bel l  
Telephone Co., 167 U.S. 224 ,  239; Paper Bag Patent Case, 
210 U.S. 4 0 5 ,  424; Brooks v. Jenkins, 3 McLean 4 3 2 ,  4 3 7 ;  
Parker V. Haworth, 4 NcLean 370 ,  372; Allen ti. Hunter, 6 
McLean 303, 305-306; Attorney General v. Rumford Chemical 
lJorks, 2 Bann. 6 Ard. 298, 302. He may keep h i s  invention 
secret  and reap i t s  fruits indefinitely.  
condsideration of i t s  disclosure and the consequent 
benefit  to the community, the patent 1s granted. 
exlcusive enjoynent i s  guaranteed him for seventeen years, 
but upon the expiration of that period, the knowledge Or 
the invention enures to the people, who are t h u s  enabled 
without restr ic t ion to practice i t  and p r o f i t  by i t s  use. 
Rendall V. insor,  21  Ilow. 322 ,  3 2 7 ;  United States v. BeTl 
Telephone Co., supra,, p. 239. To this end the law 
requires such disclosure to be made i n  the application for  
patent that others ski l led i n  the a r t  may understand the 
invention and how to put  i t  to use. 
[Emphasis added]. 

Thus a monopoly takes 

2 
An 

[footnote omitted] 

The limited exclusionary right granted by the patent laws encourages the 

investment of r i s k  capi ta l  which i n  t u r n  promotes the development of new 

technology.- 7 /  

The administrative law judge has found that claim 1 3  o f  the '756 patent 

is valid and that there was no inequitable conduct i n  the procurement of the 

'756 patent. Du Pont has invested considerable capita l  i n  the claim 1 3  

process of the ' 7 5 6  patent. (FF 593 ,  594) .  

(FF 23-31). The '756 patent w i l l  

expire in October 1990. 

7/ Report of the Attorney General's ilational Committee to Study the 
A n t i t r u s t  Laws pp. 224-25 (1955); J. Von Kalinowiki, Business Organizations; 
A n t i t r u s t  Law and Trade Regulations 3 59.02 [2 )  (1981). 

- 
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When a patent holder exercise his  " r i g h t  to exclude others from making,  

u s i n g  or sel l ing the invention", by refusing unilateral ly t o  l icense the 

patent, his  conduct i s  expressly permitted by the patent laws SCH Corp. v. 

Xerox Corp. 645 F.2d 1195 1204 (Fed. C i r .  1981) -- cer t .  denied 455 U.S. 1016 

(March 22, 1382). Hence the fac t  that Du Pont i s  not licensing the '756 

patent i s  not indicative of any patent misuse. 

Use of a patent, lawfully acquired, to foreclose competftiun, to gain 

competitive advantage, or to destroy competition i s  unlawful - I d .  645. F.2d a t  

1205. However the Supreme Court has stated the following general priniciple 

i n  the context of the application of equitable defenses i n  patent infringement 

actions : 

[Clourts of equity do not make the quality o f  suitors the 
t e s t .  They apply the maxim requiring clean hands only whgre 
some unconscionable act  of one coming f o r  r e l i e f  has 
immediate and necessary re lat ion to the equity that he seeks 
i n  respect of the matter i n  l i t iga t ion .  They do not close 
the i r  doors because o f  plaintiff 's  misconduct, whatever i t s  
character,  that has no relation to anything involved i n  the 
s u i t ,  but only for  such violations of conscience as i n  some 
measure affect the equitable relations between the parties  i n  
respect o f  something brought before t h e  court for 
adjudication. 

Keystone D r l l l e r  Co. V. General Excavator Co., 290 U.S. 240, 245 (1933). 

Thus, "[nlot  every allegation of misconduct on the part of a p l a i n t i f f ,  even 

if t r u e ,  constitutes a bar t o  suit under the clean hands doctrine. The 

I n  l i t iga t ion  ....'" Carter-Vallace, Inc. v. United States ,  449 F.2d 1374, 

1384 (CT. Cl. 1971). The patent misuse defense must stem from allegedly 

i l l e g a l  or inequitable conduct under the s u i t  patent. The Commission has 

concurred in the p r i n c i p l e  that "there must be a direct connection or nexus 
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between the a c t l v i t y  of the patentee i n  the exercise of the patent ... and the- 

a c t s  of misconduct which  improperly and wrongfuly attempt to extend the patent 

monopoly." Certain Automatic Crankpin Crinders, Inv.  No. 337-TA-60, RD a t  

38-33 and cases c i ted therein, adopted CD at 14  (1979). 

Akzo argues that the law i s  c lear  that where there are strong 

interconnections between patents,  uisconduct w i t h  respect to any one of then 

w i l l  be suf f i c ient  t o  bar enforcement of other patents as well, '  c i t i n g  

Keystone Dr i l l e r  Co. V. General Excavator Co. supra. 

recoginzes i n  i t s  comment on the Keystone D r i l l e r  Co. case, i n  that case a 

patent applicant brfbed another inventor to  suppress the prlor art which  was 

However as Akzo - 

relevant t o  one of ffve related patents. The Supreme Court then held that a l l  

f i v e  patents were unenforceable by reason of  the inequltable conduct w i t h  

respect t o  one of them, inasmuch as the devices covered by the f fve  patents 

were "inportant, if not essent ia l ,  parts  of the same aachine." (RPIfR p. 50). 

I n  t h i s  investigation the administrative law judge has found no misconduct by 

Du Pont i n  i t s  procurement of the '756 patent i n  issue nor has he found any 

misconduct by Du Pont w i t h  respect t o  Du Pont's procurement of  any other U.S. 

patent said to be interconnected w i t h  the '756 patent. 

Foreign Prosecutions 

Respondents a l lege  that the evidence shows i n t e r  a l i a  fraudulent conduct 

on the part of Du Pont i n  submitt ing cer ta in  Morgan and Celhra  aff idavits  t o  

the Dutch patent off ice i n  Du Pont 's  course of  prosecuting the D u t c h  

equivalent of the Kwolek application w h i c h  corresponded to the disclosure of 

t h e  '542 patent. Under Mannington !,!ills, Inc. v. Congolem Core., 595 2d 1237 

(3rd Cfr. 19791, i t  i s  urged that an ant i trust  claim under Walker Process 



- 
Equipment, Inc. v. Food Nachinery 6 Chemical Corp . ,  382 U.S. 172, 177 (1965) 

may be based on allegations that a competitor obtained foreign patents by 

- 

fraudulent conduct on foreign patent o f f i ces  even i f  that conduct would not 

invalidate the foreign patents. (RPH p. 4 0 ) .  Akzo also r e l i e s  on Du Pont's 

prosecution of a German patent application w h i c h  corresponds to the 

combination of two United States Blades patents not f n  issue and on 

prosecution of the Blades '756 counterparts i n  the United Kingdom, I ta ly  and 

Israel .  

Contrary to Akzo's interpretation of the Plannington Mills case,  the case 

holds only that a d i s t r i c t  court may have jurisdication to hear such a claim 

when raised by an American company foreclosed from export markets. A l so  i n  

that case the substantive standards to be applied were n o t  addressed, and 

neither was the jurfsdict ional  i ssue  where the claim i s  raised by a foreign 

firm complaining about patent foreclosure from i t s  home markets. 

I n  addition because the equftable defense of f r a u d  i s  available only 

where there has been fraud in processing t h e  '756 p a t e n t , l  whfci  this 

record i s  lacking, the evidence as to Du Pont's a c t i v i t i e s  before the Dutch 

and other foreign Patent Offices is irrelevant to  a claim that the enforcement 

Of the '756 patent should be denied for fraud. Moreover f t  i s  not seen how 

8/ 
( re ject ing "as a matter of law 
render another unenforceable); Beckman Instruments, Tnc. v. Technical Dev. 
Corp., 433 F.2d 55, 62 (7th C i r .  1970), cer t .  denied, 401 U.S. 976 ( 1 9 i l T  
E u d u l e n t  procurement o f  a second patent so closely related to the patent i n  
s u i t  as to  be included i n  the same l icensing agreemtn does not af fect  the 
enforceability of the patent i n  s u i t ) ;  S.H. Kress d Co. v. Aghnides, 246 F.2d 
718, 7 2 5  ( 4 t h  Cir.), cert .  denied, 355 U.S. 889 (1957) (fraud i n  the 
procurement of a foreign patent does not affect  the enforceabil i ty of U.S. 

E . g . ,  SSIH Equ1p.S.A. v .  ITC, 710 F.2d 365, 378 (Fed. C f r .  1983) 
.I- 

- - 
that inequitable conduct as to  one patent can 

counterpart patent]; Slinfold Mfg. Co. V. Kinkead Tndus., fnc., Civ. Act. NO. 
C-78-178A ( N . D .  Ca. Nov. 20, 1384) (slip o p . )  (same); Plantronics, Xnc. v. 
Roanwell Corp., 185 U.S.P.Q. 505 (S.D.N.Y. 1975) (same). 
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alleged inequitable conduct before the D u t c h  patent o f f i c e  re la tes  to a 

nonopoly of a relevant narket i n  the United S ta tes ,  nor, where no D u t c h  patent 

has issued to Du Pont, even i n  Europe. 

The administrative law judge has considered the f a c t s  put before h i m  

regarding the alleged inequitable conduct by Du Pont before the Dutch Patent 

off ice.  

o f f i c e ,  the judge f i n d s  no inequitable conduct by Du Pont .  

patent o f f i c e  was aware of what i s  said t o  be withheld infomation (FF 4 6 8 )  by 

respondents. 

(FF 4 7 0 )  and the "withheld" information was before the United States  Patent 

(FF 452 to  4 7 1 ) .  As  to what proceeded before the Dutch patent 

Thus the Dutch 

Moreover, s ignif icant ly ,  no Dutch patent ever issued t o  Du Pant 

- 
Office.  (FF 4 5 2 ) .  

With respect t o  Du P o n t ' s  prosecution o f  

the administratfve law judge f i n d s  the record 

of inequitable conduct, assuming the evidence 

Investigation. 

The D u t c h  Covetnnent 

other foreign patent application 

(FF 472-478)  lacking any proof 

was relevant to issues i n  th i s  

Akzo argues that Du Pont relying upon i t s  ent ire  patent e s t a t e ,  including 

the Blades '756 patent i n  s u i t ,  sought to convince the Dutch Government, 

through threats and misrepresentation, to withdraw f inancial  support from the 

Araml pro ject ;  that while Du Pont now claims i ts  e f f o r t s  were t o t a l l y  

unsuccessfu1, i t s  internal  documents proclaim that the Araml project was i n  

fact  delayed f o r  years and that Du Pont's e f f o r t s  were instrumental i n  

achieving th is  desirable resul t ;  and that such attempts by a monopolist to 

delay or hinder a competitor through abusive appeals to governmental bodies 

violate the antitrust  laws. (RPII p. 29). 
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The evidence show that Du Font has conducted business i n  The Netherlands 

through a D u t c h  subsidiary for about 25 years. The Dutch subsideary owns a 

major chemical complex at Dordrecht, The Netherlands which i s  among Du Pont's 

largest investments i n  Europe. (FF 4 7 3 - 4 8 2 ) .  Because of i t s  longstanding, 

s trategic  investments i n  The Uetherlands, Du Pont executives have communicated 

frequently w i t h  the Dutch Government over a long period of t ine.  (FF 4 3 3 ) .  

I n  the l a t e  1 9 7 0 ' s  Du Pont learned that Akzo had opened comnunications w i t h  

the Dutch Ministry o f  Economic Affairs for the purpose of persuading the 

Government of The Netherlands to provide f inancial  support to Akzo's 

contemplated aramid f iber  venture. 

faced w i t h  the uncomfortable position of having a proper relationship between 

i t  and the Dutch Government, through Du Pont's establishment a t  Dordrecht, 

being shifted such that Du Pont, as a private enterprise would be competing 

i 

(FF 4 8 4 ) .  Du Pont hence found i t s e l f  

w i t h  a company w h i c h  was not just  a private enterprise but was a private 

enterprise plus the Dutch Government. (FF 4 3 7 ) .  

On January 23, 1979 Du Pont met w i t h  Dutch government o f f i c i a l s  and made 

a presentation about "Kevlar" and explained Du Pont's patent position. 

486, 487). 

should i n s t a l l  some "Kevlar" capacity i n  Europe. 

positve interest  i n  the possibi l i ty  of Du Pont insta l l ing a f a c i l i t y  a t  

Dordsecht. (FF 485). On August 5 ,  1980 Du Pont told the Dutch Government 

that i t  was planning to b u i l d  a "Revlar" s p i n n i n g  plant i n  Europe. 

Du Pont did eventually select  a s i t e  i n  Haydown, Northern Ireland for  a 

s p i n n i n g  and f i n i s h i n g  f a c i l i t y  w h i c h  plant expects to be operation I n  1387. 

(FF 492). 

(FF 

Du Pont also was making an alternate study t o  determine if i t  

The Dutch  government showed 

(FF 4 5 3 ) .  

In October 1380 Akzo requested that the Dutch government suspend 

consideration of support for  any Akzo contemplated aramid f i b e r  venture 
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because of a c lear  deterioration i n  a number of sectors of the synthetic f iber  

i n d u s t r y .  

interest  i n  the araoid project w i t h  the Dutch government around the middle of 

1982. 

"Enka-NOBf" partnership between Akzo and the D u t c h  government. 

July  20, 1982 the Dutch government issued a p u b l i c  statement announcing the 

commitment of the Government and NOM to  support and part ic ipate  i n  

construction of Akzo's aramid f fber  plants i n  The Netherlands. 

(FF 493). Akzo comnunicated to the Dutch  government i t s  renewed 

A J u l y  14, 1982 te lex  from the government se t  forth tcnns of a 

(FF 493) .  O n  

(FF 500, 501). 

Du Pont continued to have periodic contacts w i t h  the D u t c h  government 

during the period 1382-84 and used the ocasion o f  those contacts to express 

i ts  concerns, that the government support of Akzo's aranide venture would 

involve the Dutch government i n  patent infringement actions and adversely 

a f f e c t  i t s  relations w i t h  Du Pont .  (FF 495). 

In 1982 a Du Pont o f f i c i a l  used the expression "col l is ion course". He 

explained that w i t h  Du Pont's dispute w i t h  Akzo becoming more intense,  as Du 

Pont defended i t s  patents,  Du Pont could f i n d  i t s e l f  on a co l l i s ion  course 

between i t s  allegiance as a private entrepreneur w i t h  the Dutch government and 

I ts  relationship w i t h  the Dutch Government which was a stockholder and 

substantial owner i n  a business w h i c h  Du Pont had a conf l ic t  w i t h .  (FF 4 9 7 ) .  

In November 1382 the Dutch e lect ion resulted i n  a government change. (FF 

503). W i t h  the change i n  administration i n  The Netherlands, Du Pont thought 

it Important to res ta te  i t s  position i n  the matter to the new government. 

indicated t o  the new government that i t  d i d  not understand the basis for 

government support to Akzo because the new venture vould appear not only to 

involve infringement of Du Pont's patents i n  numerous countries t h r u  out the 

world but a l so  to  be economically Unattractive because there d i d  not appear t o  

It 
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be suff ic ient  demand for high performance f i b e r  product d u r i n g  the 1980's to  

sus ta in  I)U Pont's recently expanded plant and the one contemplated by AKZO. 

W i t h  respect t o  any patent conf l i c t ,  Du Pont stated to the new government that 

it believed Akzo's "Arenda" f iber infringes Du Pont's basic patents i n  

"Kevlar" and that i t  must and w i l l  take a l l  legal  and commercial steps 

necessary to protect i t s  investment i n  "Kevlar" and i t s  property r i g h t s .  (FF 

502). 

the world to  enjoin the sale of "Arenka" fiber, i t  would a t  the same time have 

a desire t o  work closely w i t h  the Dutch government i n  investments i n  €lolland- 

Du Pont concluded i n  a Dec. 3, 1382 l e t t e r  to  the new government that although 

i t  f e l t  uncomfortable with a potential  c o n f l i c t ,  i t  would have no alternative 

but to defend i t s  patent position to the f u l l e s t  extent. (FF 502). 

It a lso  expressed concern because while i t  was f i l i n g  lawsuits around 

On March 4 ,  1983, Akzo and the Dutch governnent entered in to  a formal 15 

year agreement establising a partnership. Physical construction a c t i v i t i e s  

promptly began i n  the spring of 1983 on the Akzo-Dutch government fac i l i tY .  

(FF 5 0 4 ) .  

A Du Pont l e t t e r  dated September 28,  1983 to the D u t c h  government stated 

that i t  appeared that Akzo had estimated the 1982 market s ize  f o r  "Kevlar" t o  

be twice the actual  s ize ;  that i n  order f o r  the market to reach Akzo's 

estimate for 1990, t h e  growth ra te  between now and then must average 30% Per 

year f o r  e i g h t  years; that t h f s  is unlikely and hence a conclusion that  Akzo 

and the Dutch government have based a j o i n t  venture decision on a 

misconceptfon of market s ize  and growth rates.  

expressed to  the Dutch government that i t  found i t  extremely disturbing t h a t ,  

w h i l e  i t  was making large investments and establishing h i g h  quality workplaces 

i n  Nolland in a h i g h  technology business, it faced competition that was 

(FF 505). Du Pont a lso  

73 



ignoring Du Pont's property rights and attempting to  deny Du Font i t s  revards 

Of i t s  innovation i n  aramid f ibers .  (FF 505). 

On January 5, 1984, a meeting was held between Dutch government o f f i c i a l s  

and Du Pont. Two b a s k  issues were discussed, viz.  Kevlar market s ize  and 

growth and patent validity.  

compounded growth unreal is t ic  because the development o f  end-uses took 3-5 

years. The Dutch government responded that Du Pont should have'no concern 

that relations w i t h  t h e  government w i l l  deter iorate ;  that Akzo has no j o i n t  

venture w i t h  the Dutch government but  only w i t h  NOM (Northern Development 

Company); that NOM a c t s  independently even though the capita l  i s  provided by 

the Government; that once the contract w i t h  NOEl i s  signed, the Dutch 

government *can withdraw from i t " .  (FF 5 0 7 ) .  

- 
Du Pont believed Akzo's expectation of 30% 

On March 30, 1984 a meeting was held among Akzo, Du Pont NOU and the 

Dutch government. (FF 511, 512): Du Pont repeated i t s  concerns about the 

importance of good re lat ions  w i t h  the Dutch government; the r i s k  that Such 

relations would be harmed by differences between Du Pont and the Akzo venture, 

and the unfairness of  t h e  Dutch government entering in to  a partnership that 

would violate Du Pont's patents. (FF 512). On A p r i l  3, 1084 memo of  the 

meeting by a Dutch government o f f i c i a l  d i d  not r e f l e c t  any *threats"  by Du 

P o n t  to  reconsider investments or take other action or  any urging by Du Pont 

that Akzo delay entry into the "Kevlar" market, or  any prediction that there 

would be ef fec ts  on U,S.-Dutch relations.  The memo does r e f l e c t  that both 

Akzo and Du Pont representatives agreed that t h e n  through around 1990 there i s  

a certa in  overcapacity I n  the market f o r  aramide. (FF 513). 

The administrative 

that the "Arami project"  was i n  fact delayed f o r  years,  or  that Du Pont sought 

to  convince the Dutch government, through threats and rnfsrepresentations, to 

withdraw f inancial  support from the Arami project.  

law judge finds that the record does not  es tabl ish  

74 



TO the contrary the f a c t s  show that Du Pont had legitmate reasons f o r  

meeting w i t h  the Dutch government, e. i t s  patent r i g h t s ,  i t s  heavy 

investment i n  Dordrecht, and i t s  proposal to establish "Kevlar" f a c i l i t i e s  i n  

Europe w h i c h ,  since i t s  early discussions with Dutch government o f f i c i a l s ,  Du 

Pont has committed i t s e l f  to do i n  Northern Ireland. Moreover the evidence 

shows that i t  was Akzo in  October 1980 vho suspended discussions witht the 

Dutch government. (FF 433). When discussions were resumed i n  mid-July  1982 

the Dutch government did announce an agreement with Akzo i n  July 1982 (FF 500, 

501) and a 15 year formal agreement was f inalized i n  March 1333. (FF 5 0 4 ) .  

The A p r i l  3, 1984 a memorandum by a D u t c h  Government o f f i c i a l  on a 

meeting between Du P o n t ,  Akzo and the Dutch Government on March 30,  1984 d i d  

not r e f l e c t  any "threats" by Do Pont t o  reconsider investments or take other 

action but d i d  report that both Du Pont and Akzo representatives.agreed that 

through to  around 1990 there i s  a certain aramid overcapacity. (FF 513). 

There i s  independent Du Pont documentation to the same e f fec t .  (FF 507). 

Hendrick Wiseman, the President of NOM and who attended t h e  March 30, 1984 

meeting t e s t i f i e d  that the Dutch government o f f i c i a l  who prepared the A p r f l  3, 

1384 memorandum was "a lower leve l  employee" and that the memorandum was not a 

f u l l  account of the meeting since the meeting was set  for  a discussfon between 

Akzo-Enka and Du Pont and the Dutch Govement was not taking part i n  that 

discussion. (FF 515, 516). However the "lower level  employee" was the person 

d e a l i n g  w i t h  the Enka aramid f i l e  and had contact with Akzo prior to  the hlarch 

30 ,  1184 meeting. (FF 518). Although Mr. Wiseman t e s t i f i e d  that i n  the 

meeting Du Pont brought up the f a c t  that i t  might reconsider further 

investment plans i n  Holland (FF 514) he could not remember any deta i l s  o f  what 

was said a t  the March 30,  1384 meeting and further changed h i s  written 

testimony. 

- 

(FF 518). Also  when Du Pont met w i t h  government o f f i c i a l s  fn 
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March 1984, the j o i n t  Akzzo-Dutch government venture was well underway, a 

15-year formal agreement w i t h  Akzo and the DGtch government having been 

finalized i n  llarch 1353. ,(FF 5 0 4 ) .  

The A p r i l  3, 1954 memo by the Dutch government o f f i c i a l  presented a 

"direct point-by-point summary" of the discussion that took place a t  the lkrch 

30,  1984 meeting. (CX-653). IIe was reporting what happened at the meeting. 

If Du Pont had threatened the D u t c h  government w i t h  respect to .investment 

plans i n  Holland, i t  certainly would have been be of interest  t o  "higher" 

Dutch government o f f i c i a l s .  Akzo has offered no testimony from the Dutch 

government o f f i c i a l  who authored the A p r i l  3, 1384 memo. The administrative 

law judge f i n d s  the April 3, 1984 memo corroborates Du Pont's contention as t o  

discussions at the March 30, 1984 meeting, vfz .  over capacity. Du Pont i n  

discussions wfth the Dutch Government had some concern with respect t o  i t s  

- 

Patent r i g h t s .  However the concern was a legftnate concern. 

Accordingly the administrative law judge f i n d s  t h a t  Du Pont's discussions 

w i t h  the Dutch government has not affected the enforceabi l i l ty  of the '756 

pa tent 

Du Pont's License Negotiatfons W i t h  Akzo 

Akzo argues that "The f a c t  that a patentee has the power to  refuse a 

license does not mean that he has the power to  grant a license on such 

conditions as he may choose." 

S m i t h  Co., 329 U.S. 637, 643 (1947); that the evidence shows that d u r i n g  

l i c e n s i n g  negotiations i n  1983, Du Pont offered Akzo a license under "Du 

Transparent-\?rap Hachine Corp. v. Stokes 6 

Pont's aramid f i b e r  technology, i n c l u d i n g  the Blades process patent" 

conditioned on Du Pont's s u p p l y  of the primary ingredients required f o r  the 
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m a n u f a c t u r e  o f  p a r a - o r i e n t e d  aramid f i b e r s ;  t h a t  Du. Pont "deaanded" this  

t o n d i t f o n  i n  o r d e r  t o  enable i t  t o  c o n t r o l  Akzo's p r o d u c t i o n  and prices for  

aramid f i b e r ,  which would o b v i o u s l y  restrict Akzo's a b i l i t y  t o  compete i n  the 

U.S.; that this attempt t o  t i e  t h e  s u p p l y  o f  raw materials t o  t h e  i s s u a n c e  of 

a patent license i s  a hornbook case o f  p a t e n t  misuse .  (RPII p. 4 8 ) .  

C o n t r a r y  to Akzo'.s arguments  t h e  record d o e s  not  e s t a b l i s h  t h a t  any  Du 

Pont-Akto d i s c u s s i o n s  i n v o l v e d  a proposed l i c e n s e  under a n y  U.S.. p a t e n t .  

T h e r e f o r e  t h e  l i c e n s e  n e g o t i a t i o n s  lacked a s u f f i c i e n t  nexus  w i t h  '756 p a t e n t  

t o  e s t a b l i s h  a d e f e n s e  i n  t h i s  p r o c e e d i n g .  Akzo's Zempelin t e s t i f i e d  t h a t  i t  

was h i s  r e c o l l e c t i o n  t h a t  any l i c e n s e  was t o  be  restricted t o  Europe. (FF 

4 4 ( a ) ) .  T h i s  is conf i rmed by Du Pont contemporaneous documentatfon.  (FF 

437) .  I l o r e o v e r  t h e  June 9, 1 9 8 3  m e e t i n g  between Du Pont  and Akzo, i n v o l v e d  

only  proposals and Akzo was i n v i t e d  t o  make s u g g e s t i o n s  and t h e r e  were l a t e r  

communicat ions .  (FF 4 4 1 ( a ) ,  443;  449). A l s o  t h e  r e c o r d  shows t h a t  no 

agreement  was e v e n  r e a c h e d  between Du Pont and Akzo i n v o l v i n g  t h e  s u p p l y  Of 

t h e  primary i n g r e d i e n t s .  

Akzo a r g u e s  t h a t  Du Pont  c o n d i t i o n e d  any patent l i c e n s e  on Du P o n t ' s  

s u p p l y  o f  t h e  primary i n g r e d i e n t s .  

Mr. Loudon I n  a l e t t e r  o f  F e b r u a r y  21, 1 3 8 3  t o  Du Pont ' s  Mr. Jefferson who 

s t a t e d :  

Yet  t h e  e v i d e n c e  shows t h a t  i t  was A k t O ' S  

" I n  a d d i t f o n ,  we are p r e p a r e d  i f  t h i s  would be o f  i n t e r e s t  to  
you - t o  n e g o t i a t e  a n  agreement on exchange o f  knowledge on 
e,g. raw material aspects" (FF 4 3 4 ) .  

The a d d n f s t r a t i v e  law j u d g e  f i n d s  t h e  e n f o r c e a b i l i t y  o f  t h e  '756 p a t e n t  

u n a f f e c t e d  by any l i c e n s e  n e g o t i a t i o n s  of Du Pont  w i t h  Akzo. 
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Du Pont's "Kevlar" Pricing Practices 

Akzo argues that Du Pont ' s  so-called "value-in-use" p r i c i n g  system has 

two elements: 

identical  f iber  a t  some 18 dif ferent  prices for  some 13 different end uses 

with the highest price being more than f ive times the lowest pr ice ,  thereby 

dlscriminating i n  price between customers; that Du Pont a lso  has an elaborate 

enforcement system of formal customer agreements and market surveillance t o  

ensure that the "Kevlar" i t  sells i s  i n  f a c t  applied to the end use f o r  which 

i t  i s  sold and does n o t  f i n d  i t s  way into a secondary market where price C o u l d  

be determined by competition; that that enforcement system constitutes a 

"contract,  combination or conspiracy i n  restra int  of trade" i n  vfolation of  

Sectfon 1 of the Sherman Act; and that because Du Pont i s  an aramfd f iber  

mononpolist, the enforecment system violates Section 2 of t h e  Sherman Act as 

price discrfmfnatfon and enforcement; that Du Pont S e l l s  

well;  that these violations a lso  constitute misuse barrfng enfocement of the 

patent i n  s u i t .  (RPH p. 52). 

Do Pont argues that "[AIS a general rule and absent any overriding 

unlawful conduct, patentees can charge for  t h e i r  patented products and 

l icenses whatever the market w i l l  bear." It c i t e s  Carter-Wallace, Inc. V.  

United S ta tes ,  4 4 9  F.2d 1374 ,  1383 (Ct. C 1 .  1971), Brulotte V .  Thys Co., 379 

U.S. 29, 23 ( 1 3 6 4 ) ;  United States v. Studiengesellschaft Rohle, m.b.H., 670 

F.2d 1122, 1128 ( D . C .  C i r .  1981);  W.L. Core & Assocs. v. Carl isle  Corp., 529 

F.2d 614, 622-23 (3d Cir. 1976) .  Du Pont urges that "there i s  not antitrust  

prohibitfon agafnst a patent owner's using price discrimination t o  maximize 

his income from the patent", c i t ing USM Corp.. V. SPS Technologies, Inc., 694 

F. 2d 505, 512 ( 7 t h  Cir. 1982), cert .  denied, 103 S .  Cr. 2455 (1383). It i s  

argued that di f ferent ia l  pricing by a patent holder i s  ent ire ly  lawful, absent 

some unlawful  purpose and ahsent a showing that the df scrimination brought 
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s e r i o u s  a n t i c o m p e t i t i v e  r e s u l t s  as between  c o m p e t i t i v e  p u r c h a s e r s  i n  the s a n e  

l i n e  o f  b u s i n e s s . ,  c i t i n g  US!l Corp. v. SPS T e c h n o l o g i e s ,  I n c . ,  s u p r a ;  Bela 

S e a t i n g  Co. v. P o l o r o n  P r o d s . ,  Inc.  4 3 8  F.2d 7 3 3 ,  7 3 8  ( 7 t h  C i r . ) ,  - c e r t ,  

d e n i e d ,  403 U.S .  922 ( 1 9 7 1 ) ;  L a P e y r e  v. - FFTC, 366 F.2d 1 7 ,  19-20 ( 5 t h  Cir, 

1366) .  Du Pont  c o n c l u d e s  t h a t  Akzo h a s  not e v e n  attempted any  s u c h  showlne .  

(CPII pp. 54-55) .  

W i t h  respect t o  Akzo's a t t a c k  on Du P o n t ' s  p r i c i n g  s t r u c t u r e m  Du Pont  

a r g u e s  t h a t  t h e r e  is no e v i d e n c e  t h a t  Du P o n t  r e s t r a i n e d  a n y  " K e v l a r "  r e s a l e  

prices,  t h e  u s e s  to which  " K e v l a r "  c o u l d  b e  p u t ,  or t h e  c a t e g o r y  of c u s t o m e r s  

to  whom a " K e v l a r "  p u r c h a s e r  c o u l d  r e s e l l .  

The a d m i n i s t r a t i v e  law j u d g e  f i n d s  t h a t  Akzo h a s  not  e s t a b l i s h e d  a n  

unlawful  p u r p o s e  b y  Du Pont  n o r  h a s  i t  showed t h a t  Du P o n t ' s  p r i c i n g  pract ices  

h a v e  b r o u g h t  s e r i o u s  a n t i c o m p e t i t i v e  r e s u l t s  as between  c o m p e t i t i v e  p u r c h a s e r s  

in t h e  same l i n e  o f  b u s i n e s s .  

t h e  record shows t h a t  Du P o n t ' s  " K e v l a r "  p r i c i n g  h a s  b e e n  a n  i m p o r t a n t  and 

TO t h e  c o n t r a r y  t h e  ' 7 5 6  p a t e n t  i s  v a l i d  a d  
, 

r e a s o n a b l e  means by v h i c h  t h e  m a r k e t  f o r  " K e v l a r "  h a s  been  d e v e l o p e d .  

" K e v l a r "  i s  n o t  a s i n g l e  p r o d u c t .  Du P o n t ' s  price l i s t s  i l l u s t r a t e  t h e  

many c o m b i n a t i o n s  of d e n i e r ,  f i n i s h  and modulus t h a t  are s o l d .  Du Pont  h a s  

d e v e l o p e d  a b r o a d  v a r i e t y  o f  " K e v l a r "  p r o d u c t s  w i t h  a v a r i a t i o n  i n  prices to  

meet the n e e d s  of d i f f e r e n t  end u s e s  o f  t h e  f i b e r .  For example, t h e  

p r i c e  i s  for a 1500 d e n i e r  r e g u l a r  modulus f i b e r  w h i l e  t h e  

195 d e n i e r  h i g h  modulus " K e v l a r  49" f i b e r .  

price i s  for a 

I n  a d d i t i o n ,  b o t h  t h e  f i n e  d e n i e r  

and the h i g h  modulus add t o  t h e  cost o f  m a n u f a c t u r i n g  195 D e n i e r  " K e v l a r  49." 

The time r e q u i r e d  t o  produce  a pound o f  195 d e n i e r  y a r n  i s  7 1 / 2  times l o n g e r  

t h a n  t h e  t i n e  r e q u i r e d  t o  p r o d u c e  a pound o f  1500 d e n i e r  yarn. (FF 541) .  As 

of December 31, 1983, " K e v l a r "  y a r n  was o f f e r e d  by Du Pont  i n  30 c o m b i n a t i o n s  

of  modulus ,  f i n i s h  and d e n i e r .  B o t h  wet and d r y  p u l p  are s o l d .  T h e r e  i s  h i g h  
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a n d  low modulus staple ,  and that the staple i s  available with eight diffetnt  

cut lengths of f iber .  (FF 542). 

BY se l l ing  "Kevlar" araaide f i b e r  at  different prices for different 

end-uses, Du Pont has been able to  maximize the uses to w h i c h  "Kevlar" can 

put and accordingly enlarge the volume of "Kevlar" that i s  sold. Du Pont 

cannot s e l l  "Kevlar" only a t  $5 per pound i f  i t  locks to recover i t s  captical  

Investment. If, however, Du Pont were to s e l l  "Kevlar" only at' a 

substantially higher price,  i t  could never obtain the h i g h  volume business I t  

has i n  the t i r e  market, so that i t  could not achieve the economics of s c a l e  

and other cost  reductions that coue from producing greater quanti t i t e s  of 

Kevlar. (FF 5 4 4 ) .  Moreover Du Pont has even prlced "Kevlar" a t  l e s s  than the 

amount that would produce the greatest short-term prof i ts .  Thus ,  the price of 

"Kevlar" cable used i n  offshore d r i l l i n g  applications is $8.00 per pound, even 

though the value of "Revlar", i n  t h i s  end use i s  $16.00 per pound. (FF 545) .  

A s  to Du Pont's pricing structure,  customers deposed by Akzo expl i c i t ly  

stated that Du Pont never made any e f for t  to control the resale price O f  

"Kevlar" or of the products incroporating "I<evlar". 

have a requirement that i t  be reimbursed i f  a purchaser e lects  to use O r  

r e s e l l  "Kevlar" for a higher-price application than the use for  w h i c h  i t  was 

sold. (FF 547, 5 4 8 ) .  However i n  the absence of such a requirement, Du Pont  

would r i sk  disadvantaging their  customers i n  the i r  a b i l i t y  to compete. 

531). 

something other than a reasonable means f o r  achieving the legtinate objective 

of value-in-use pricing. 

(FF 546). Du Pont does 

(FF 

Akzo has not made the showing that Du Pont's reimbursement policy I S  

Akzo has alleged that Du Pont violated section 2(a) of the 

Robinson-Potnan Act by allowing Goodyear to produce mechanical rubber goods, 

i n  competition with Gates Rubber, using "Revlar" purchased for  use i n  t i r e s .  

( R P H  p. 57). The evidence i s  to the contrary. (FF 556). 
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A k z o  has a l s o  a l leged  t h a t  a f u r t h e r - s e c t i b n  2 ( a )  v i o l a t i o n  of t h e  

Robinson Patman Act i s  e s t a b l i s h e d  by a p r f c i n p  a l l o v a n c e  g r a n t e d  by Du Pont 

t o  (RPII p. 56). The a l l o w a n c e  however vas g r a n t e d  t o  promote 

t h e  use  of * K e v l a r "  i n  nev product  l i n e s  b e c a u s e  o f  i n c r e a s i n g  p r f c i n g  

c o m p e t i t i o n  from p o l y e s t e r  for c e r t a i n  hose a p p l i c a t i o n s .  

Hence t h e  Robinson - Patman meetfng c o o p e t i  t i o n  d e f e n s e s  i s  a v a i l a b l e .  

(FF 549, 550) 

The a d m i n i s t r a t i v e  law judge f i n d s  t h e  e n f o r c e a b f l i t y  of t h e  '756 P a t e n t  

u n a f f e c t e d  by any of Du Pont's p r e s e n t  " K e v l a r "  p r i c i n g  p r a c t i c e s .  

Hi s a p p r o p r i a t i o n  

Akzo argues  t h a t  Du Pont has misappropriated Akzo's patent In t h e  only 

c o m m e r c i a l l y  f e a s i b l e ,  non-carc inogenic  s o l v e n t  f o r  the manufacture  of aramid 

f i b e r .  

Akto's p a t e n t  a p p l i c a t i o n  i n  c o n f i d e n c e  a f ter  Du Pont e x p r e s s e d  a n  f n t e r e s t  i n  

(RPH p. 59). I t  fs argued that  Du Pont a d n i t s  i t  r e c e i v e d  a copy o f  

o b t a i n i n g  a l i c e n s e  from Akzo; t h a t  Du Pont  admits that i t  began t o  employ t h e  

p r o c e s s  d i s c l o s e d  i n  t h e  p a t e n t  a p p l i c a t i o n  and a Dutch c o u r t  h a s  so held.  

(RPH p. 6 0 ) .  

The evfdence i s  t o  the c o n t r a r y .  It shovs that Du Pont developed a 

s o l v e n t  system p r i o r  t o  receipt o f  a n y  A k t o  a p p l i c a t i o n .  (FF 

563). 

v o l u n t a r f l y  g l v c n  t o  Du Font  by Akto .  (FF 598, 582). F i n a l l y  w h i l e  a Dutch 

c o u r t  may have held that Du Pone i s  u s i n g  the Akzo  s o l v e n t  as c l a i m e d  i n  a 

Dutch p a t e n t  the  r e c o r d  i n  a b s e n t  a f i n d i n g  t h a t  a United S t a t e s  c o u r t  h a s  

found t h a t  Du Pone i s  i n f t i n g f n g  any Akto U.S. p a t e n t  t o  s a f d  s o l v e n t .  

A l so  the A k t o  a p p l i c a t i o n  vas  n o t  misappropriated by Du Pont but was 

VffI. IMPORTATIOC AND S A L E  

To invoke t h e  subject matter j u r f s d f c t f o n  o f  the C o m i s s i o n  and t o  

support  a 5 337 v i o l a t f o n ,  Du Pont must e s t a b l i s h  t h a t  aramfd f f b e r  made by 

t h e  a c c u s e d  p r o c e s s  has been f n p o r t c d  i n t o  or s o l d  i n  t h e  United S t a t e s .  The 
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,admXnistrative law judge f i n d s  the the evidence supports such a b inding .  (FF 

IX. DOllESTIC INDUSTRY 

Do Pont manufactures "Kevlar" by the process of claim 13 of the ' 7 %  

patent a t  i t s  Spruance f a c i l i t y  near Richmond, VLrginia. The ptincipal  

start ing ingredients p-phenylenediamine (PPD) and terephthaloyl chloride (TCL) 

are  manufactured at  Du Pont plants i n  Lousiana and l!ew Jersey. (FF 587). 

When "Kevlar" was first offered for sa le ,  potential customers were 

unfamiliar w i t h  the product and ready markets d i d  not exist .  

to create markets f o r  "Kevlar" and continues t o  do SO. 

marketing ef forts  over the l a s t  dozen year have developed some-tventy n a j o r  

end uses f a l l i n g  i n t o  three general categories:  (1) t i r e s ,  (2) mechanical 

rubber goods including hoses and belts, and (3 )  special products w h l c h  covers 

Du Pont has had 

(FF 588). Du Pant's 

non-rubber goods such as armor ( h a r d  and s o f t ) ,  ropes and cables ,  asbestos 

replacement, aerospace and a i r c r a f t  , and marine. (FF 590). 

I n  the period 1972 -1984, Du Pont's worldwide sales o f  "Kevlar" amounted 

to  about million. About million pounds of "ICevlar" were sold 

worldwide d u r i n g  th i s  period, of which about 

the United S h e s .  

sales o f  "Kevlar" have grown steadily worldwide and i n  the United States.  

592)  .. 

million pounds were Sold I n  

(FF 591). Since 1372, except for the recession of 1981-82, 

(FF 

X. EFFICIEK'i AtXI ECOI:OM'IC OPERATI011 

I n  order t o  prevail under section 337, Du Font must establish that the 

domestic i n d u s t r y ,  as defined, i s  e f f l c l e n t l y  and econonlcally operated. The 

c r i t e r i a  established by the Comnisslon t o  be indicative of ef f i c fent  and 

economic operatlon include: (1) substantial investment i n  research and 
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2 development; (2) Substantial  expenditures i n  advert is ing,  promotion and 

development of consumer goodwill; ( 3 )  use o f  modern production equipment; ( 4 )  

separate f a c i l i t i e s  designed s p e c i f i c a l l y  f o r  production of  the ar t i c les  a t  

i s s u e ;  (5) h i g h l y  trained work f o r c e ;  (6) employee benefit  prograns; (7 )  

- e f f e c t i v e  qual i ty  control  program; and ( 0 )  p r o f i t a b l e  operations. Certain 

Foam Earplugs, Inv. No. 337-TA-184, USITC Pub. No. 1671, at 111-112 (1385); 

Certain Mnutiae-Based Automated Fingerprint I d e n t i f i c a t i o n  Systems,  I n v ,  "0. 

337-TA-156, ID a t  77 (1383);  Certain Eiethods f o r  Extruding P l a s t i c  T u b i n g ,  

Inv. NO. 33-TA-110, 218 U.S.P.Q. 384 (1882);  Certain Coinaperated Audiovisual 

Games and Components Thereof, Inv .  No. 337-TA-105, 2 1 4  U.S.P.Q. 217 (1982). 

Akzo contends that  Du Pont's domestic i n d u s t r y  i s  not e f f i c i e n t l y  and 

econonically operated. I n  support o f  t h i s  contention,  Akzo r e f e r s  t o  c r i t e r i a  

w h i c h  i t  argues a r e  routfnely used by econonfsts for j u d g i n g  the.operations Of 

a company. These c r i t e r i a  include p r o f i t a b f l f  t y ,  capacity u t i l i z a t i o n  and 

c o s t s .  I n  s h o r t ,  Akzo argues that  Du Pont's lack of p r o f i t  i n  i t s  Kevlar 

productfon precludes a f i n d i n g  of e f f i c i e n t  and economic operation. (RPH, pp. 

72-73) 

The record establ ishes  that Du Pont has nade substant ia l  investment i n  

research and development, in p a r t i c u l a r  for product and process development, 

for  "Kevlar". (FF 593). There also has been a Substantial  expenditures i n  

advert is ing,  promotion i n  advert is ing,  promotion and development o f  cnosumer 

goodwill w i t h  respect to"Lev1ar". (FF 594-6031, Du Pont uses modern 

production equipment f o r  "Kevlar" (FF 604-614), has b u i l t  separate f a c i l i t i e s  

designed speci f ica l ly  f o r  production o f  "Kevlar" (FF 604-614), has improved 

i t s  production f a c i l i t i e s  or "Xevlar" (FF 615-618) , has an employee benefft 

progran (FF 613-624), and has an e f f e c t f v e  qual i ty  control. program. (FF 625) .  

As of  the c l o s e  of 1 9 8 4 ,  Du Pont's "Kevlar" business had not made a 

proff t  although i n  1384 Du Pont generated its f i r s t  f u l l  year p o s i t f v e  
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cash flow. (FF 626-631). Du P o n t  estimates that i t  w i l l  have positive net 

operating earnings for 1985, (FF 631). 

The Commission has never accepted prof i tabi l i ty  as the sole criterion on 

which a determination of e f f i c ient  and economic operation depends. 

Profitabil i ty i s  only one of the factors considered by t h e  Cornmission. Even 

i n  cases when the Commission focused on an industry's prof i tabi l i ty  as a basis , 

for  f i n d i n g  e f f i c ient  and economic operations, other factore were considered. 

See, e.g., Certain Heavy-Duty Staple Gun Tackers, Inv. No, 337-TA-137, ID a t  

69 (1984) (other factors included substantial research and development 

investment; use of modern equipment; e f fect ive  quality control programs; and 

incentive compensation and frfnge benefit programs for  employees); Certain 

Steel  Rod Treating Apparatus and Components Thereof, Inv.  No. 337-TA-97, a t  59 
I .  

( i n  addition to prof i t ,  Commission looked a t  investment i n  capi ta l  

improvements, and research and development); and Certain Apparatus for the 

Continuous.Production of Copper Rod,,337-TA-52, I D  a t  97 (1979) (volume o f  

sales;  increase i n  labor force ;  investment in research and development and 

machinery were considered i n  additfon to profitabil i ty) .  

Considering the " rea l i t i es  of the market place" i n  w h i c h  the complaining 

industry functions (Certain Limited-Charge Cell Culture Microcarriers, Inv. 

No. 337-TA-129, TD a t  246 (L383)), the Commission has found ef f ic ient  and 

economic operations i n  the absence of profitabil i ty.  I n  some cases,  the 

Commission has found that t h e  nature of the industry prevents instant O r  

short-term prof i tabi l i ty .  Fingerprint Identification Systems, supra, - at  81. AS 

stated i n  Amo'rphous Metals, "(1 Instant prof i tabi l i ty  s h o u l d  not be the measure 

of efficiency i n  a conpany that i s  lookfng towards the future and i s  ready to 

. spend the necessary money t o  create a-s ignif icant  product and then a demand 

for i t . "  Certain Amorphous bletal Art ic les ,  Inv. No. 337-TA-143, ID a t  126 
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( 1 3 8 4 ) .  (See a180, Certain Centrifugal Trash Pumps, Inv.  No. 337-TA-43, RI) et  

53 (1979) and Certafn Automatic Crankpin Grinders, Inv. No, 337-TA-60, RD at  

56 (1979) for proposition that ef f ic ient  and economic Operation may be found 

by focusing on other a c t i v i t i e s  

the traditional indicia of ef f i c ient  and economic operation). 

-- 

of i n d u s t r y  ir the absence of one o r  more Of 

"Kevlar" i s  a recent h i g h  technology venture and the evidence shows that 

extended developmental periods have been experienced by Du Pont i n  other 

ultimately successful h i g h  t e c h n o l o g y  venturer, such as neoprene, "Tedlar" 

polyfluorocarbon f i l m ,  "Delrfa" acetal  resin and "Kapton" polyimfde f i l m .  (FF 

632). 

Accordingly the administrative law judge finds that Du Pont saticlfiecl the 

statutory requfrement that i t s  "Kevlar" ddmestic i n d u s t r y  business be 

"ef f ic ient ly  and economically operated". 

. .  
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XI. INJURY 

I n  o r d e r  t o  p r e v a i l  under 9 3 3 7 ,  Du Pont must demonstra te  t h a t  the 

i m p o r t a t i o n  and sale o f  a l l egedly  i n f r i n g i n g  aramid f i b e r  h a s  t h e  e f fect  or  

tendency  t o  destroy or s u b s t a n t i a l l y  i n j u r e  t h e  d o m e s t i c  i n d u s t r y .  

§ 1 3 3 7 ( a ) .  

o f  an u n f a i r  act.  

19 U . S . C .  

This element  r e q u i r e s  proof  separate from, and independent  o f  proof 

S u b s t a n t i a l  I n j u r y  

F a c t o r s  t h e  Commission has c o n s i d e r e d  i n  r e a c h i n g  a d e t e r m i n a t i o n  on 

i n j u r y  i n c l u d e :  ( 1 )  l o s t  sa les ;  ( 2 )  d e c l i n i n g  s a l e s ;  ( 3 )  decrease f a  d o m e s t i c  

p r o d u c t i o n  and p r o f i t a b i l i t y ;  ( 4 )  volume of i m p o r t s  and t h e i r  d e g r e e  o f  market 

p e n e t r a t i o n ;  (5)  u n d e r s e l l i n g ;  and (6) r e d u c t i o n  in c o m p l a i n a n t ' s  prices. 

C e r t a i n  O p t i c a l  Waveguide F ibers ,  Xnv. No. 337-TA-189, I D  at 1 0 2  

( 1 9 8 4 ) ( 0 p t i c a l  Waveguide F i b e r s ) ;  C e r t a i n  Drill P o i n t  Screws f o r  Drywal l  

C e r t a i n  Vacuum B o t t l e s  and Components T h e r e o f ,  Inv. No. 3 37 -TA-10 8, RD a t  72, 

219 U.S.P.Q. 637 (U.S.I.T.C. 1 9 8 2 ) ;  In re C e r t a i n  S p r i n g  Assembl ies  and - 
Conponents Thereof  and Methods o f  Their Manufac ture ,  Inv. No. 337-TA-88 a t  

42-49 ,  2 1 6  U . S . P . Q .  225 (U.S.I.T.C. 1981) ( S p r i n g  A s s e m b l i e s ) ;  In re  C e r t a i n  

F l e x i b l e  Foam S a n d a l s ,  Inv .  No, 337-TA-17, RD a t  4 ,  207 U.S.P.Q. 541  

(U.S.I.T.C. 1 9 7 9 ) ;  I n  r e  C e r t a i n  R o l l e r  U n i t s ,  Inv.  No. 337-TA-44 a t  10, 208 

U.S.P.Q. 141 (U.S.I.T.C. 1 9 7 9 ) ;  In re C e r t a i n  Reclosable P l a s t i c  Bags ,  Xnv. 

No. 337-TA-22, 1 9 2  U.S.P.Q. 674 (U.S.1.T.C. 1977) .  The d e t e n n i n a t i o n  o f  

i n j u r y  must be based upon t h e  p e c u l i a r  f a c t s  of e a c h  case, 

Screws, RD at 144 .  

Drill  P o i n t  

- 
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Du Pont contends that the domestic industry has been substantially 

injured i n  the form of  lost  sales and deferred customer purchases. h 

Pontalso proposes that the following be recognized as indicia of injury: 

acquisition by Akzo of valuable technical a n d  market information as a result 

o f  i t s  a c t i v i t i e s  i n  the U . S .  market, the attainment by Akzo of a “headstart” 

the 

i n  i t s  commercial sales o f  f iber and f ina l ly ,  the committment by Du P o n t  of 

additional expenditures for  product development and marketing for  1985 - 1990, 

as a result  of Akzo’s penetration of the U.S. market. (CPH, pp. 37-38). 

Du Pont’s development of “Kevlar” began i n  1971 and the f i b e r ’ s  f i r s t  

commercial production occured i n  1982. W i t h  a current actual production 

capacity of more than m i l l i o n  pounds per year, Du Pont, a t  this  time, i s  

the only company i n  the world capable of manufacturing aramid f iber  in 

commercial quantities. (FF 633, 634). 

Du Pont’s marketing efforts-over the years have developed some 20 major 

(1) t i r e s ;  end-uses f o t  aramid f iber  f a l l i n g  into three general categories: 

( 2 )  mechanical rubber goods; and (3) special products encompassing non-rubber 

goods such as armor, ropes and cables,  asbestos replacement, aerospace and 

a i rcra f t ,  and marine products. W i t h i n  these end-uses there are nearly 500 

different applications for “Kevlar”. (FF 639). For the years 1982 - 1984, Du 

Pont spent approximately on marketing, advertising and p u b l i c i t y ,  

and end-use research t o  develop the market f o r  aramid f iber .  (FF 646)- 

Du Pont’s expenditures for the development of the aramid f iber  market 

have had beneficial  results as “Kevlar” i s  now entering a growth phase Of 

development characterized by a sharp increase i n  sales i n  recent years as 

demonstrated below: 

MM LBS. 
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1980 

1981 

1982 

1983 

1984 

(FF 635, 636). 

Akzo made i t s  f i r s t  shipment of 4 . 5  l b s .  of  "Twaron" t o  t h e  U.S. i n  1980 

and d i d  not begin marketing a c t i v i t i e s  here u n t i l  sometime a f t e r  1982. (FF 

654, 6661. A l l  o f  Akzo's  U.S. aramid fiber shipments are  from i t s  p i l o t  plant 

that has a design capacity of approximately 100 metric tons o r  220,460 l b s .  

and a production output o f  approximately 50 metric tons o r  110,230 l b s .  (FF 

647, 648). ?'To date,  - a l l  o f  the "Twaron" dis tr ibut ion i n  the U.S. has been 

i n  sample quant i t ies  to  enable potential  customers to  t e s t  the technical  

properties of t h e  product, to advise those f n  the market o f  Akzo's intended 

entry with.commercia1 quant i t ies ,  to learn of  the market's requirements and t o  

receive approval of "Twaron" so that Akzo w i l l  be ready to  s u p p l y  "Twaron" i n  

commercial quantftfes when Akzo begins commercial production a t  the end O f  

1985 i n  i t s  Emmen and D e l f z i j l  f a c i l f t f e s ,  currently under construction. 

648, 652, 656 - 659). 

(FF 

The record shows that from 1980 to  1384 Akzo imported approximately 

l b s .  o f  sample quant i t ies  of "Twaron" Into  the U.S. (FF 666, 675, 

677) While there i s  evidence that Akzo had "booked" an additional  

lbs.  of  "Twaron" as of February, 1 9 8 4 ,  f o r  shipment to  the U.S. market, there 

i s  no indication t h a t  these "booked" quant i t ies  were i n  f a c t  shipped.  (FF 

9/ One metric ton equals 2 , 2 0 4 . 6  lbs. (FF 676) - 
a8 



669). Akzo's importation of aramid f i b e r  t o  the  U.S. f o r  the y e a r s . 1 9 8 0  - 
1384 represent approximately o f  Du Pont 's  s a l e s  o f  "Kevlar" f o r  

the same period. 

increasing f t e  U.S. shipments of sample q u a n t i t i e s  o f  aranid f i b e r  and i t s  

U.S. marketing e f f o r t s  i n  recent  y e a r s ,  the degree of  market penetrat ion 

achieved by Akzo to  date i s  considered - de m i n i m i s .  

e s t a b l i s h  present or past s u b s t a n t i a l  i n j u r y  the domestic i n d u s t r y  must 

(FF 678). Though there  i s  evidence that  Akzo has been 

(FF 660 ,  663 ,  666). To 

normally show that  the a l leged i n f r i n g e r  holds a s i g n i f i c a n t  share o f  the 

domestic market of the goods a t  i s sue  or has made a s i g n i f i c a n t  amount of 

s a l e s  of the a r t i c l e s .  Textron,  Inc. v U . S .  In ternat iona l  Trade Commission, 

No. 84-1261, s l i p  op. a t  20 (C.A.F.C. January 24 ,  1985) ;  Spring Assemblies, 

216 U.S.P.Q. a t  243 .  The evidence o f  record f a i l s  t o  meet that standard. 

Nany o f  the companies f o r  whom Akzo has shipped or "booked" sample 

quant i t i es  of "Twaron" a r e  Du Pont customers. (FF 667,  668,  670 ,  671 ,  673 ,  

674) .  Nontheless, the record shows that  these  samples a r e  obtained f o r  the  

purpose of t e s t i n g  and evaluation and i n  considerat ion o f  fu ture  purchases 

from Akzo. Du Pont has f a i l e d  t o  show that  a n y  o f  the "Twaron" obtained by 

i t s  customers was intended t o  supplant those customers' purchases o f  

commercial q u a n t i t i e s  o f  "Kevlar". I n  s h o r t ,  there  has been no showing that 

even the r e l a t i v e l y  m i n i m a l  shipments or  bookings o f  "Twaron" have resul ted i n  

any l o s t  commercial s a l e s  o f  aramid f i b e r  t o  Du Pont. 

Du Pont argues that  a s  a r e s u l t  of  Akzo's marketing a c t i v i t y  i n  the U.S., 

Du Pont's customers have deferred f o r  a t  l e a s t  one year 10% o f  the purchases 

of "Kevlar" they otherwise would have made. (CPH, p. 3 7 ) .  Th is  claim i s  . 

based upon the testimony of  one of Du Pont's expert  witnesses ,  Professor 

Robert J. Thomas, a professor a t  Georgetown Univers i ty ,  who speculated that  

the presence of  two potent ia l  suppl iers  of  aramid f i b e r  would tend t o  generate  
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lengthy negotiations prior to purchase. (FF 685) .  Professor Thomas tes t i f i ed  

that he was not aware o f  any specif ic  Du Pont castomer which had i n  f ac t  

deferred a purchase of "Kevlar" as a result o f  Akzo's presence i n  the U.S. 

market nor i s  there any evidence of record t o  that ef fect .  (FF 6 8 6 ,  See FF 

687) .  Accordingly, Du Pont has fai led to prove by a preponderance of the 

- 

evidence that i t  has been substantially injured i n  the form of deferred 

purchases. 

Akzo's presence i n  the U.S. market has provided i t  w i t h  ready access to 

such information as the structure and needs of the market and the aramid f iber  

products required to sa t i s fy  those needs. (FF 682) .  Du Pont asserts  that 

Akzo's acquisition o f  th i s  information is a t  Du Pont's expense i n  that much of 

i t s  effort  i n  developing the market for  aramid f iber  has redounded to 

Akzo'sbenefit, resulting i n  cost savings t o  Akzo, which i n  t u r n  provides AkzO 

w i t h  a competitive advantage over Du Pont. 

FF 683) .  Du P o n t  has fai led to show that the mere acquisition of market 

(Closing Argument, Tr. p. 4216-17 ;  

information by Akzo constitutes an element of past or present i n j u r y  and there 

i s  no evidence of record that Akzo has obtained any form o f  competitive 

advantage over Du Pont, thereby. Whether, for  example, Akzo has been able to 

reduce i t s  prices for  "Twaron" as a result of any cost savings i t  has 

experienced by virtue of i t s  access to market information, and consequently 

successfully compete with Du Pont for  sa les ,  is not indicated i n  the record. 

Du Pont avers that i t  has committed an additional m i l l i o n  to product 

development and marketing f o r  the period 1985 - 1930 as a result o f  Akzo's 

current ac t iv i t i es  i n  the U.S. (CPH,  p. 3 8 ) .  While the committment to such 

expenditures may have i n  fact  been accelerated by Akzo's marketing a c t i v i t i e s ,  

there is evidence of record that Du Pont would have increased i t s  research and 

development outlays and marketing resources whether Akzo entered the U.S.  

90 



market or not, (FF 683, 690). Therefore, the record i s  inconclusive as t o  

whether increases i n  expenditures to meet market competition i n  i t s e l f  

constitutes an element of injury. I n  any event, the m i l l i o n  expense has 
6 

merely been committed, the cost has not yet been incurred. (FF 689). 

Du Pont proposes as another element of i n j u r y  that 

[ t Jhe  diversion of management attention occasioned 
by AKZO's entry Into the United States market also 
may result i n  the loss of opportunities that Du 
Pont's "Kevlar" management team would otherwise be 
able to exploit. 

(CPFF 9.20) 
Mere speculation t h a t  Du Pont may have lost  "opportunities" as  a result of - 
Akzo's presence i n  the U.S. market cannot be considered a cognizable element 

of present or  past substantial injury. 

Du Pont further contends that Akzo's current samplfng a c t i v f t i e s  give i t  

a "headstart" of approximately 14 months i n  commercial sales so that when 

Akzois able to  begin commercial Sales of eramid f iber  from i t s  Emmen and 

D e l f z f j l . f a c i l i f i e s ,  "it w i l l  be i n  a position to take 4% of  the market 

immediately". (CPH, p. 35). This argment postulates an alleged injury t o  Du 

Pont i n  the future, and as  such may not be considered as an element o f  present 

i n  jury. 

Finally,  the record f a i l s  to show such traditional indicia of i n j u r y  as 

an i d l i n g  of production f a c i l i t i e s ,  declining sales o r  underselling by the 

alleged infringer.  

are unaware of  any adveree e f fec ts  upon Du Pont's "Kevlar" business t o  date 86 

a result of Akzo's presence i n  the U.S. aramid f iber  market. (FF 631 - 695). 

Based upon the foregoing, Du Pont has fai led t o  prove by a preponderance 

Several of Du Pont'e employees have tes t i f i ed  that they 

' of the evidence that the domestic industry has been substantially injured by 

Akzo's importation and sale I n  the United States of aramid f iber.  
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Tendency t o  Substantial ly Injure 

TO show a tendency to  substant ia l ly  in jure  the domestic industry, an 

assessment of the market i n  the presence of the accused imported product 

should demonstrate relevant conditions or circumstances from which probable 

future i n j u r y  can be inferred.  Certain Combination Locks, Inv .  No. 337-TA-45, 

205 U.S.P.Q. 1124 (U.S.I.T.C. 1973). Relevant conditions o r  circumstances may 

include substantial  manufacturing capacity combined w i t h  the intention t o  

Penetrate the United States market, foreign cost  advantage o r  an a b i l i t y  of 

the imported product t o  undersell complainant's product. Optical Waveguide 

Fibers ;  Certain Methods for Extruding P l a s t i c  T u b i n g ,  I n v .  No. 337-TA-110, 218 

U.S.P.Q. 348 (U.S.I.T.C. 1382);  Certain Reclosable P l a s t i c  Bags, Inv. No- 

337-TA-22, 192 U.S.P.Q. 674  (U.S.I.T.C. 1977). The l e g i s l a t i v e  his tory of  

- 

5337 indicates that "[wlhere unfair  methods and a c t s  have resulted 

, inconceivable loss of s a l e s ,  a tendency to  substant ia l ly  injure such  industry 

has been establ ished."  Trade Reform Act o f  1973. Report of  the House 

Committee On Ways And )Leans, H. Rep. No. 93-571, 93 Cong., 1st Sess. a t  78 

(19731, c i t i n g ,  In re Von Clem, 108 U . S . P . Q .  371 (c.c.P.A. 1955). A1 t hough 

i t  has been recognized by the Federal Cfrcuit and the Commiesfon that the 

quantum of proof of i n j u r y  i s  l e s s  i n  the context of patent,  trademark o r  

copyright infringement than i n  other types of unfair  trade p r a c t i c e s ,  the 

domestic I n d u s t r y ,  t o  e s t a b l i s h  a tendency t o  substant ia l ly  in jure ,  must show 

that  the infr inger  threatens t o  h o l d  a s i g n i f i c a n t  share o f  the domestic 

market i n  the covered a r t i c l e s  o r  threatens t o  make a s ignif icant  amount of 

s a l e s  of the a r t i c l e s .  See Textron, slip op. a t  10;  S p r i n g  Assemblies, 216 

U.S.P.Q. at  243. The I n j u r y  contemplated under the "tendency t o  eubstantial ly 

- 

in jure"  provision o f  5337 has to be one o f  a substantive and c l e a r l y  foreseen 
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threat to the future o f  the i n d u s t r y ,  not based on allegation,  conjecture o r  

mere possibility.  Optical Waveguide F i b e r s ,  I D  a t  113-14; In the Hatter of  

Certain Braiding Machines, Inv. No. 337-TA-130 (1983). 

Du Pont contends that the importation and sale in the U . S .  by Akzo of 

aramid f ibers has the tendency to  substantially i n j u r e  the domestic i n d u s t r y  

i n  the form of lost  sales and reduced prices. (CP11, pp. 4 0 ,  4 3 ) .  

Akzo's Intent a n d  Capacity 

There is evidence of record of Akzo's intent t o  further penetrate the 

U.S. aramid f iber  market, as well as t h e  capacity to d o  so.  Aramid fiber i s  

considered a "high learning" innovation, that i s ,  substantial time and 

knowledge are required by both the innovator and i t s  customers before end uses 

are developed and purchases are made. A l s o ,  before an aramid sale i s  

completed, ..the f iber  must qualify or meet the customer's specif ications,  a 

process which, depending on the end use and the customer, may take from a few 

months up to more t h a n  one year. (FF 6 3 7 ,  656, 7 3 3 ,  7 3 4 ) .  As discussed 

-' supra Akzo has been distributing sample quantities o f  "Twaron" i n  the U.S. 

market since 1980 for the express purpose of obtaining 

a p p r o v a l  of i t s  product from potential customers so that i t  w i l l  be able to 

supply those customers w i t h  commercial quantities of "Twaron" once Akzo begins 

i t s  commercial production o f  aramid f i b e r  i n  October, 1385. (FF 648, 652, 656 

- 653). As a result o f  Akzo's marketing and sampling a c t i v i t i e s  i n  the U.S. 

t o  date, i t  has advanced the time when it can s e l l  f iber  on a commercial scale 

i n  the U.S. (FF 735). 

Articles,  Inv. No. 337-TA-163, ID at  129 (1984). 

. .  
See Certain Arnorphous Metal A l l oy s  And Amorphous Eleta1 - 

The record is c lear  that i n  t h e  future Akzo intends to  increase i t s  

efforts  i n  the U.S. market for the sale of "Twaron". Akzo considers that the 
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technological edge o f  the markets f o r  aramid f iber  i s  i n  the U.S., .that the 

U.S. is the world's largest single industrial market and that i t s  demand for 

aramid f iber  i s  in a growth stage. For these reasons, Akzo considers the U.S. 

aramid f iber  market an especially important one with the greatest potential 

for future sales.  Indeed, i n  i t s  June, 1983 "Marketing Plan U.S.A.", Akzo 

expressed I t s  committment t o  a "long-term engagement" for  the supply o f  aramid 

f iber t o  the U . S .  (FF 7 2 5 ,  7 2 7 ,  728, 729,  7 4 1 ) .  

The evidence of record is compelling that to a significant extent Akzo 

intends to  become a second source of s u p p l y  to exist ing Du Pont  customers. 

Many of the companies to whom Akzo has shipped sample quantities o f  "Tuaron" 

and for  whom Akzo has booked sample quantities o f  "Twaron" are Du Pout 

Customers a n d  Akzo has indicated that i t s  estimated sales to the U.S. i n  1985 

- 1987 are based on actual potential customer contacts i t  has already made. 

Furthermore, Akzo considers any X e v l a r "  customer a potential customer f o r  

Twaron and .one o f  i t s  marketing' objectives i s  to persuade existing purchasers 

of "Kevlar" to substitute "Twaron" for  a l l  or part of t h e i r  aramid f iber  

needs. (FF 667,  668, 6 7 0 ,  671,  673, 6 7 4 ,  736  - 7 4 0 ) .  I n  short,  

the record demonstrates Akzo's fntent to enter the U.S. aramid f iber  market 

and the likelihood that  i t  w i l l  direct i t s  sales e f f o r t s ,  to  a signif icant 

extent,  toward current Du Pont customers, 

With respect to foreign production capacity, Akzo currently has a 

s p i n n i n g  plant under construction i n  the Dutch c i t y  of Emmen that w i l l  

i n i t i a l l y  have a design capacity of approximately 11 million lbs . ,  though i t  

is not  expected to produce at d e s i g n  capacity u n t i l  the second half o f  . . 
I t s  design capacity will  be increased t o  approximately 1 3 . 2  m i l l i o n  lbs.  by 

and expansion t o  a 22 million l b .  design capacity may occur but 

not before 
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unless market demand dictates othervise. (FF 699, 701, 704 - 
706, 708). 

by Akzo at  i t s  three plants currently under construction I n  Del fz i j l .  These 

The raw materials for the production of "Tvaron" w i l l  be produced 

f a c f l i t i e r  W i l l  have a design capacity of approximately 11 million lbs., but  

that capacity could be expanded to 2 2  million lbs. much sooner than a 

comparable expansion of the Emmen p l a n t  and w i t h  much less of an investment. 

(FF 702 - 7 0 4 ,  7 0 7 ) .  Production of "Twaron" a t  the Ermnen and D e l f z i j l  

f a c i l i t i e s  w i l l  commence i n  October, 1985. (FF 652).  

The evidence of record indicates that Akzo's capacity and estimated 

production 

sales of "Twaron" to the Western European and Japanese marketa, a t  least  for  

the extent to  which Akzo intends to  direct i t s  

the years 1385 - 1987. 
lbs. of aramid fiber i n  1985, lbs, i n  1986 and l b s .  in 

1987 to the European market and . l b s .  , lbs. and lbs.  

Akzo currently plans t o  s e l l  approximatelY 

i n  the same years, respectively, to the Japanese market. (FF 722, 725). 

Considering t h a t  Akzo estimates a production of 

and lbs. for each of years 1985-1987, respectively, a significant 

quantity o f  "Waron" w i l l  be available for sales i n  the U.S. market. (FF 718, 

719) Akzo, i n  i t s  most recent planning document, estimates that i t  w i l l  ship 

the following quantities of  "Twaron" t o  the U.S. i n  1985 - 1987: 

1985 
1986 
1387 

(FF 7 4 5 ) .  

Lbs , - 

' . I n  addition to these specif ic  estimated U.S.  shipments, Akzo anticipates that 

i t  w i l l  ship an additional I b s .  o f  "Baron" i n  1986 and l b s .  

i n  1987, to markets as yet undesfgnated. Akzo has test i f ied that should the 
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demand a r i s e ,  some of these undesignated shipments could be made t o  the U.S. 

(FF 7 5 7 ,  758). I n  l i g h t  o f  Akzo's forecasted production for 1985-1987 and a 

design capacity which exceeds that forecast ,  and i n  l i g h t  o f  i t s  forecasted 

shipments t o  Western Europe and Japan, i t s  estimated U.S. shipments for  1985 - 
1987 must be considered conservative and i t  is reasonable to conclude t h a t  

Akzo may i n  fact  s e l l  larger quantities o f  "Twaron" i n  the U.S. than i t  has 

forecasted for  this time period. Akzo has speci f ica l ly  indicated that i t 6  

anticipated U.S.  sales are not considered l imitations,  but rather targets ,  

(FF 751). For each of years 1988 - 1990, Akzo expects to s e l l  approximatelY 

lbs. of "Twaron" in the U.S. (FF 749). 

The record contains forecasts by both Du Pont and Akzo as to  the size of 

the U.S. market for  aramid f i b e r  i n  the next several years. While these 

estimations of the market d i f f e r  i n  varying degrees from year to year, one 

from the other, and none of them can be considered to re f lec t  precise 

measurements, they are useful to show the approximate s ize  of the U.S. market 

and i n  detennining t h e  relatfve significance of  Akzo's impact upon that 

market. Based upon the foregoing estlmated sales o f  "Twaron" i n  the U.S. for 

t h e  years 1985 - 1930, the following table presents a range of the estimated 

percent of the U . S .  aramid f iber  market those sales w i l l  represent for each of 

those years: 

1985 
1986 
1987 
1988 
1989 
1990 

(FF 755)  

The extent t o  which  Akzo i s  l i k e l y  to penetrate the U.S. market i n  the 

years 1985 - 1390 is clearly indicative of a tendency to substantially injure 
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the domestic industry, 

Commission Determination and Order at  35 (1980) (market penetration of 4.8% 

7 See Certain Surveying Devices, I n v .  No. 337-TA-68, 

not considered insignif icant  and demonstrates a tendency t o  substantial ly 

i n j u r e ) ;  I n  the Matter o f  Reclosable P l a s t i c  Bags, - Inv. No. 337-TA-22, 

Commission Memorandum Opinion at  14 (1977) (tendency t o  substantial ly injure 

f o u n d  where imported a r t i c l e s  never constituted more than 1.5% of t o t a l  U . S .  

production). This conclusion i s  supported by the c lear  evidence of Akzo's 

capacity for aramid production a s  ear ly  as October of  this  year and i t s  

increasing capacity potential  through 1990 a s  well as i t s  unambiguously 

expressed intent to u t i l i z e  a s ignif icant portion of that capacity f o r  the 

production of f i b e r  bound f o r  the U.S. market. 

Assuming that Akzo's  anticipated U.S. "Twaron" sales  i n  1985 - 1990 d o  

not a f f e c t  the average price o f  "Kevlar" or  the demand f o r  "Kevlar" and 

assuming that each pound of "Twaron" sold represents a lost  sa le  t o  Du P o n t ,  

Akzo's sales  d u r i n g  t h a t  period would result  i n  an approximate loss of $96 

million i n  revenue to Du Pont. (FF 756 ) .  While the ent ire  $96 mill ion i n  

estimated revenue l o s s  t o  Du Pont does not  represent lost  p r o f i t s ,  c e r t a i n l y  B 

percentage of that f igure  i s  l o s t  profit  to Du Pont, and t o  that extent ,  i t  is 

one of the object ive  indicia o f  a tendency t o  substantial ly i n j u r e  Du POnt. 

Price Reduction 

Du Pont  argues further ,  that the domestic industry w i l l  be additionallY 

injured i n  the form of reduced prices f o r  "Kevlar" a s  a resul t  of Akzo's entry 

i n t o  the U.S. market. Akzo contends that  t o  the contrary, i t  intends to 

and that i f  prfces f o r  "Kevlar" are  

lowered i n  response t o  the importation of "Itaron",  i t  w i l l  be a t  Du Pont's 
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i n l t i a t i o n  i n  an e f f o r t  t o  maintain i t s  current market share and that such 

" s e l f - i n f l i c t e d  wounds" d o  not const i tute  a cognizable element of i n j u r y  under 

s337. (RPH, pp. 65, 68-69). 

Akzo believes that i t  would not gain by cutt ing i t s  prices f o r  "Tvaron" 

below those f o r  "Kevlar" because Du Pont, w i t h  95% or  more of the market, 

would meet any reduction i n  price Akzo would offer .  (FF 781, 784). Although 

Akzo has expressed an intention t o  generally follow Du Pont's p r i c i n g  f o r  

aramid, i t  has a l s o  c l e a r l y  indicated a w i l l i n g n e s s  t o  adopt f l e x i b l e  p r i c i n g  

s t r a t e g i e s  for s p e c i a l  pro jects  or  particular end uses,  part icular ly  i n  the 

(FF 780, 784, 785, 783, 731) .  Both aramid f iber  customers and 

Akzo i t s e l f  recognize that the entrance of a second supplier w i l l  have a 

price-reducing effect on the market, and t h i s  would not be a t t r i b u t a b l e  t o  Du 

Pont. Indeed, some aramid customers reported that they would only purchase 

"Twaron" if i t  was priced lower than "Revlar". (FF 783,  794, 795, 798). Such 

purchasing .pol ic ies  by some i n  the aramid market could reasonably be expected 

t o  provide an incentive to Akzo to  o f f e r  lower pr ices  f o r  i t s  product .  

T h u s ,  Akzo w i l l  adopt a f l e x i b l e  p r i c i n g  policy including price  

reductions, a t  l e a s t  i n  part icular  end use markets and Du Pont intends to 

respond t o  competition from Akzo's entry by reducing prices t o  

maintain i t s  market share. (FF 796).  Thus, even i f  Du Pont i n i t i a t e s  a 

reduction i n  p r i c e ,  i t  would be i n  response t o  the competitlon presented by 

Akzo's presence i n  the market and as such  would represent one of the object ive  

fndicia of  i n j u r y ,  caused by Akzo's a c t i v i t i e s .  

. .  

Forecasts and Price Reduction 

Respondents expect t o  import well f n  excess of pounds of 

"Twaron" f o r  each of years 1986 - 1990. (FF 748, 749). Respondents' expert 
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witness, Dean MacAvoy, tes t i f i ed  that sales by Akzo beyond the 500,000 - 
1,000,000 lb. range would disrupt the current price structure i n  the U.S. 

market. (FF 823, 824).  Du Pont's "Focus Case" and "Base Case" forecasts 

project ,  inter  a l i a ,  the price declines of "Kevlar" for  ln86 - 1390, due t o  

Akzo'8 entry i n t o  the U.S. market, based on Du Pont marketing representatives' 

assessment of what the prfce impact of Akzo's entry would be. (FF 810, 811). 

Du P o n t ' s  "Focus" forecasts are based on the assumption that Du Pont W i l l  

a l locate additional resources i n t o  new product invention and market 

development. Du Pont  has, i n  f a c t ,  already adopted t h i s  "Focus" strategy i n  

the marketplace and w i l l  not abandon i t  even i f  Akzo i s  restricted from the 

U.S. market. Du Pont 's  "Base" forecasts are  based on the assumption that Du 

Pont would continue the strategies It has been following to date w i t h  

"Kevlar". (FF 85^0, 851, 853, 8 5 4 ) .  Both the "Focus" and the "Base" forecasts  

include projections of the U.S. aramid market w i t h  Akzo out of the market and 

. Akzo i n  the rnarEct, (FF 8 5 2 ,  855). Respondents argue that the impact O f  

Akzo's entry must be measured by a comparison between the "Base" forecast 

vithout Akzo In the market and the "Focus" forecast with Akzo i n  the market. 

(RPHR, e. 37). However, this  i s  not considered a valid comparison. Because 

of the differing assumptlons underlying each of these forecasts ,  and also 

because the "Ease" forecasts are considered more r e a l i s t i c  t h a n  the "Focus" 

forecasts ,  such a comparison would be i n  error. (FF 864 - 866, 866(a). 

While Du Pont's expert witness, Professor Hausman, relied upon a 

comparison of the "Focus" forecasts (one assuming Akto d i d  not enter the u * s *  

market and one assuming t h a t  i t  d i d ) ,  considering that they would y i e l d  a hore 

conservative estlnate o f  injury, Du Pont's Charles L. Henry, V i c e  President of 

' the Texti le  Fibers Departnent, test i f fed that the figures forecasted i n  the 

"Base Case" forecasts were more r e a l i s t i c  i n  that the premises upon which they 

99 



were based more r e a l i s t i c a l l y  ref lected the amount of product development Du 

Pont would engage in. (FF 807, 808,  864 -'866). It i s  recognized that  

neither a "Focus-Focus" nor a "Base-Base" comparison i s  l i k e l y  t o  yield a 

Precise measurement of price decline result ing from Akzo's entry. 

806). 

a comparison of both of these forecast  models, provides a reasonable estimate 

(See FF 
Nonetheless, the following range of pr ice  reduction, a s  demonstrated by 

of the percentage of price depression of  "Revlar" f o r  the years 1986 - 1990, 
due to  the entry of  Akzo i n t o  the U.S. aramid f i b e r  market: 

1990 - 1989 - 1988 - 1987 
7 

1986 

7.3 - 9.8 4.2 - 10.3 5.4 - 10.8 5.3 - 11.9 4.1 - 12.7 
7 

(FF 803, a051 
T h u s ,  t h i s  range r e f l e c t s  estimations-arrived a t  by means o f  a comparison 

considered conservative (Hausnan's "Focus-Focus" comparison) and a comparison 

which takes i n t o  consideration premises considered more r e a l i s t i c ,  (8 

"Base-Base" comparison). For 1 9 8 6 ,  f o r  example, Professor Hausman' 8 

comparison yie lds  a 7.3% reduction i n  pr ice  as a resul t  of Akzo's entry and 

bfr. Itenry's recommended "Base-Base" comparison f o r  that same year yie lds  a 

price reduction of 9.8% The forecasts  i n  each pair  of compared forecasts  a r e  

based upon the sane underlying assumptions and therefore,  more l i k e l y  to Yield 

comparisons which do not measure extraneous f a c t o r s  as would the comparison 

made by respondents. 

o f  "Kevlar" f o r  1986 - 1930, indicates a tendency to  substantial ly in jure  the 

domestic industry, caused by Akzo's e n t r y  i n t o  the U.S. market. 

I n  sum, the foregoing estimated range of price reduction 

The Eauilibrfutn Pr inciple  

Respondents argue that d u r i n g  the period 1986 to  1930 when the '756 

patent expires ,  Du Pont w i l l  be affected by competition from Akzo i n  Europe 
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whether or not Akzo markets i t s  fiber i n  the United States.  (RPF 4.72). 

Hence, if Akzo sold only i n  Europe, i t s  prices there would drive down prices 

i n  the United States. (RPFF 474). This argument i s  based on what economists 

have termed "the law of one price" which holds that for  some products that are 

sold worldwi,de, changes i n  supply and demand conditions are transmitted from 

one part of the world t o  another, and prices w i l l  adjust unti l  an equilibrium 

is established. (FF 934). 

Hovever, while Akzo's entry i n t o  Europe alone w i l l  cause some prlce 

erosion i n  the United States (FF 937, 938), i t  i s  not seen how the degree Of 

price erosion w i l l  be the same a6 i f  Akzo were to compete direct ly  i n  the 

United States aramid market, I n  rea l i ty ,  there may exist  different 

competitive conditions between the United States and other countries. For 

example, prices have been reported for  f ive metal and s tee l  products  for sales 

i n  up t o  s i x  different countrie;. I n  1982,  prfces f o r  these p r o d u c t s  i n  the 

foreign countries were an average of 18% lower than i n  the United States.  

9 4 0 ) .  

geographic markets. FOT example, i n  the f i r s t  quarter o f  1983, carbon and 

a l l o y  steel  prices in the EEC and i n  the world were 37% and 40% lower, 

respectively, than i n  the United States.  (FF 941). 

(FF 

Other products have been sold a t  different prices i n  different 

Even accepting the operation of the equilibrium principle,  Du Pont s t i l l  

could maintain a price di f ferent ia l  between the United States and European 

markets over t h e  period from 1986 t o  1990 when the ' 756  patent expires. (FF 

943, 944). 

The administrative law judge concludes that the equilibrium principle 

does not operate under the present clrcumstances t o  n u l l i f y  any tendency t o  

substantially fnjure the domestic industry .  
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Elas t i c i ty  

Respondents contend that although Akzo w i l l  not  enter the U.S.  market 

with reduced prices,  should there be a reduction i . n  aramid prices upon their  

entry i n  the market, the volume of aramid sales w i l l  increase as a resul t ,  and 

hence Du Pont w i l l  benefit from their  entry, (RPHR, p. 3 0 ) .  The expert 

vitnesses f o r  both Du Pont and Akzo used e l a s t i c i t y  estimates i n  their  

calculations of the effect  on the domestic i n d u s t r y  o f  the entry of Akzo i n t o  

the U.S. aramid market. 

used t o  summarize the sensit ivity of the  quantity demanded a t  a particular 

price t o  a small change i n  that price. 

(FF 897). The demand e l a s t i c i t y  i s  a single number 

(FF 896). 

The administrative law judge finds that the record evidence establishes 

that none of the e l a s t i c i t i e s  estimated by either Du Pont or Akzo can be said 

t o  ref lect  w i t h  precise certainty t h e  e f fect  that a reduction in price w i l l  

have upon the volume of demand. 

be the more re l iable  indicators of that relationship. Respondents' expert 

witness, Dean ElacAvoy, estimated the price e l a s t i c i t y  f o r  aramid f i b e r  to 

range between 5 and 1 5 ,  meaning that if the price o f  aramid f e l l  by 1%, aramid 

sales volume would increase by 5 - 15%. (FF 901). Dean MacAvoy characterized 

these estimates a s  "extraordinarlly h i g h "  and Professor Hausman tes t i f i ed  that 

for an e l a s t i c i t y  estimate for  one or two years i n  the future, an e l a s t i c i t y  

of 2.5 is far  larger t h a n  anything he had seen i n  t h e  econometrics o r  economic 

l i terature.  (FF 900, 302) .  

Du Pont 's  e l a s t i c i t i e s  are however, found to  

Moreover, while both Du Pont and Akzo believe that e l a s t i c i t i e s  vi 11 

d i f fer  by end use market, Dean MacAvoy estimated - only an industry-wide 

e las t i c i ty  and d i d  not estimate e l a s t i c i t i e s  for  individual end use markets. 

(FF 914, 915). Dean NacAvoy's estimates cannot be considered applicable i n  

102 



I 

the short term; as Dean MacAvoy t e s t i f i e d ,  his e las t i c i ty  estimates constitute 

the long term response o f  sales to changes i n  prfce and e l a s t i c i t y  is lover i n  

the short run i n  this  market. (FF 903 ,  9 0 4 ) .  Akzo concurred that the 

benefits of increased quantities resulting fran lower prices would occur a t  

some la ter  point i n  time. (FF 905): Furthermore, although Dean HacAVOY 

pointed to internal Du Pont documents to support his contention that the 

demand e l a s t i c i t y  for aramid f ibers is h i g h ,  many of these documents provided 

- .  

no clear prfce sensit ivity estimates and some that d i d ,  suggested an 

e las t i c i ty  signif icantly lower t h a n  Dean MacAvoy's estimates. 

Also, Dean HacAvoy test i f ied that the e l a s t i c i t y  estimates he made relied on a 

"poor amount of data". 

(FF 916-918) 

(FF 909). 

Using the same data as d i d  Dean MacAvoy, and also acknowledging that the 

data sample size vas inadequate, Professor iiausman econometrically estimated 

the aramid price e l a s t i c i t y  a f t e r  correcting for errors he claimed existed in 

Dean PlacAvoy's estimation method, such errors including Dean HacAvoY'S 

assumption that o n l y  the prfce las t  year a f fec ts  the demand for  "Kevlar" this  

year. (FF 910, 912, 913, 923, 924) .  Professor Hausman's estimates ranged 

from 0.72 to 1.4. 

e l a s t i c i t f e s "  of demand of 0.0 - 1.2 for each "Kevlar" end use, derived from 

Du Pont's "Focus" forecasts. (FF 921, 922). These "Focus" forecasts were 

(FF 323). Professor Hausman a l so  calculated "implicit  

estimates reached by Du Pont's sales representatives who had no knowledge of 

Akzo's intentions w i t h  respect to some market segments and who made their  

assessments without any guidelines on the amount of "Twaron" Akzo vould have 

available for sale. (FF 814, 815).  Further, these forecasts took i n t o  

account factors other than price I n  their  projections of demand. (FF 856)- 

Using a range of e l a s t i c i t i e s  from 0.7 - 2.0, Professor Hausman calculated 

i n j u r y  to Du Pont  for the years 1986 - 1990,  resulting from Akto'a entry into 
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lo/ 
the U.S. market. The average annual i n j u r r  to Du Pont was estimated by 

Professor Hausman based upon 

each of the elasticities that he used. 

930) ,  these estimates are as follows: 

Uith certain correctfons (See - FF 929, 

Elasticities Average Annual Injury 
-1 

0.7 
1.0 
1.4 
1.5 
2.0 

22.2 
18.9 
14.7 
13.8 
8.5 

(FF 931¶ 932) 

Professor Hausman's injury calculations are more realistic than Dean 

MacAvoy's estimatfons for purposes of an overall assessment of the impact Upon 

Du Pont of Akzo's entry into the U . S .  market. Thus, Professor Hausman's 

elasticity estimates are more in conformance with the elasticity estimates 

reflected in Du Pont's internal documents and his methodology for 

econometrically estimating elasticities eliminated Dean HacAvoy"s sole 

. .  

reliance on last year's "Kevlar" price. (FF 913, 917, 924). In sum, 

Professor Hausman's estimations of "incremental profit" loss to Du Pont as a 

result of Akzo's entry Into the U.S. is a further fndication that there exists 

a tendency to substantially injure the domestic industry. 

- IO/ 
"incremental profit." 
eubstracting Du Pont's unit varfable costs from the unit selling price (per 
lb.) and multiplying that figure by the quantity of Du Pont shipment8 (in , 

l b s .  ) .  

Professor Hausman's injury calculation is in the form of lost 
Nausman derived Du Pont's "incremental profit" by 

a 
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ffarke t Expansion 

While economic experts f o r  both Du Pont and Akzo acknowledged that Akzo's 

entry into  the U.S. aramid f i b e r  market w i l l  result i n  an increase i n  overall  

demand f o r  aramid fibers (FF 8291, they were a t  variance w i t h  respect t o  the 

s ize  and the e f f e c t  of the increase. Dean UacAvoy stated that  the increase i n  

Du P o n t ' s  marketing and research and development expenditures d u r i n g  the 

period 1985 - 1988, d u e  t o  anticipated competition from Akzo, w i l l  expand 

demand by approximately 25%. (FF 830). However, his estimates of market 

expansion were based on a comparison of  Du Pont sa les  forecasts  w i t h  Akzo i n  

the market and Akzo out of the market w h i c h  were made over one year apart from 

each other and thus, could have been based upon di f fer ing views of market 

conditions. (FF 857, 858). 

He further t e s t i f i e d  that i t  is possible that an expansion i n  demand would not 

occur or would occur slowly, that even for  currently developed end uses there 

1 s  a long lead time between the time a customer decides t o  t e s t  aramid and i t s  

use by that customer i n  commercial quant i t ies  and that because of the long 

lead time involved i n  developing some new aramid end uses,  demand f o r  aramid 

used i n  those end uses w i l l  not be stimulated u n t i l  1988, 1989 or  1990. (FF 

828, 834, 8 4 5 ) .  Professor Hausman on the other hand, believed that the market 

expansion e f f e c t  of  Akzo's entry i n t o  the U.S. market vi11 reach a maximum of 

2.9% i n  1990, when the '756 patent expires. (FF 831). , 

Dean MacAvoy t e s t i f i e d  that  a second source of supply of aramid f i b e r  

would expand the market because customers are  provided a greater assurance of 

supply r e l i a b i l i t y .  (FF 827). Akzo has estimated that the increase i n  demand 

for aramid as a f u n c t i o n  of the presence of a second source of supply  would be 

only a few percent. 

mere presence of a second source of s u p p l y  would serve to increase demand and 

(FF 839). There i s  l i t t l e  evidence of record that  the 
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i n  f a c t ,  four aramid customers have tes t i f i ed  that the avai labi l t iy .of  a 

second source would not cause them to increase their  tota l  aramid purchases. 

(FF 841). 

Dean MacAvoy has also tes t i f i ed  that Akzo w i l l  contribute technical 

(FF innovations that w i l l  create new uses and thereby stimulate demand. 

827) .  Though the record contains evidence of Akzo's efforts  toward the 

development of new uses f o r  aramid f i b e r ,  the new uses being developed have 

either already been developed by Du P o n t ,  and therefore do not represent a 

market segment i n  which Du Pont i s  not already participating or able to 

participate,  or the new use i s  currently 

under development by Akzo and i t s  date for  completion i s  uncertain. 

876 - 8951. The evidence of record is insufficfent  to demonstrate that the 

development of new uses for  aramid f iber  by Akzo w i l l  serve to expand the U.S .  

market . 

(FF 872, 

With respect t o  expansion of the market and any resulting increase i n  

demand for  aramid f iber  as a result o f  Akzo's entry into the U.S., Dean 

EtcAvoy's estimates of market expansion are not considered suff ic ient ly  

rel iable to provide  a basis for an estimate of i n j u r y .  The evidence indicates 

that if an expansion of the market were to  occur at  a l l  as a result of Akzo's 

entrance into the market i n  1385, that expansion would l ikely not occur u n t i l  

shorly before t h e  expiration of the '756 patent i n  October, 1990. (FF 8 3 4 ,  

8 4 5  - 8 4 7 ) .  

limited degree, that expansion w i l l  be insufficient  to offset  the i n j u r y  

l i k e l y  t o  occur t o  Du Pont as a result of Akzo's  entry. 

Although Du Pont concedes that market expansfon w i l l  occur t o  a 
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Injury Estimates 

For the reasons discussed - supra, w i t h  respect to respondents' positlon 

regarding the impact o f  Akzo's  entry upon the price of "Kevlar", the forecast 

comparisons made by respondents t o  demonstrate an increase i n  Du Pont's 

average pre-tax earnings over the 1986 - 1990 period are deficient .  

Du Pont's Mr. Henry d i d  n o t  view the results  set f o r t h  i n  the "Focus" 

forecasts as presenting the most r e a l i s t i c  view of market growth for  the years 

1986 - 1990, a n d  believes that  the base case forecasts are the more r e a l i s t i c  

because "...the premises are more r e a l i s t i c  i n  terms o f  the kinds of things 

we're counting on i n  that five-year period...". (FF 864 - 866). Mr. Henry's 

i n j u r y  estimates compared Du Pont's "Base" case pre-tax earnings forecasts 

w i t h  and without Akzo's entry i n t o  the U.S. 

o f  pre-tax earnings for 1986 - 1990, i n  millions of 1984 dol lars ,  are as 

f o l l o w s : ~  -' 

His estimations of Du Pont's lore 

(FF 567) 

Based upon an estimated range of  e l a s t i c i t i e s ,  Professor Hausman 

calculated an average annual loss of "incremental profit"  t o  Du Pont ranging 

from $8.5  million t o  $ 2 2 . 2  million, - supra. 

Iiausman's calculations o f  injury t o  Du Pont are cast i n  different values 

(pre-tax earnings and "incremental prof i t " ,  respectively) they cannot be . 

A s  both Ilr. Henry's and Professor 

directly compared. However, both of these estimates further indicate a 

tendency to substantially injure the domestic industry. 

Based upon t h e  foregoing, the administratfve law judge concludes that the 

combination of Akzo's intent to enter the United States aramid f iber  market 

and i t s  capacity t o  do so,  Du Pont's resulting loss of revenue, a price 
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reduction i n  "Kevlar" upon Akzo's U.S. entry, as  supported by market 

forecasts ,  the limited expansion of the market upon Akzo's entry,  as  supported 

by Professor Hausman's e l a s t i c i t y  estimates and the estimated i n j u r y  t o  Du 

Pont as a resul t  of Akzo's entrance into  the U.S.  market establ ish  that Du 

Pont has proven by a preponderance of the evidence that Akto'e importation and 

s a l e  of the accused aramid f iber  has the tendency to  substantial ly in jure  the 

domestic i n d u s t r y .  

Du Pont's Capacity to Meet Demand 

Akzo argues that although the evidence shows that ( 1 )  Du Pont has yet to  

achleve i t s  45 million l b s .  per annum nameplate capacity due t o  technical  

problems a t  Spruance, (2) Du Pont's million lbs.  per annum proven 

capacity w f l l  be insuff ic ient  t o  s a t i s f y  world demand by 1986, (3) Du Pont's 

nameplate capacity,  i f  real ized,  w i l l  be i n s u f f i c i e n t  to  s a t i s f y  world demand 

by 1987, and ( 4 )  world demand w i l l  r i s e  t o  93X of the combined nameplate 

capacity of both Akzo and Du Pont by 1988 and t o  117% by 1990, Du Pont refuses 

t o  acknowledge the very r e a l  prospect o f  a capacity s h o r t f a l l .  

A k z o  argues that DuPont does not presently have the technology needed to 

achieve nameplate capacity a t  Spruance and does not know how long i t  w i l l  take 

t o  achieve that capacity,  nor does i t  currently have any approved plans to 

f n s t a l l  additional capacity;  that i t  would take a t  least  two years lead time 

t o  i n s t a l l  additional capacity a f t e r  approval; and that Du Pont's promise o f  a 

"major technological advance" i n  the near future must be viewed w i t h  

( R P H  p. 71). 

considerable skepticism because Du Pont has repeatedly promised, and f a i l e d ,  

to perfect  and implement the same technology since 1973. (WH pa 71). 

Du Pont argues that i t s  capacity to produce "Kevlar" exceeds 1984 

worldwide demand by over 50% and exceeds i t s  expected 1985 sales  by over 35%. 

It i s  argued that the uncontradicted evidence shows that Du Pont has the plans 
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and the ability to continue to  adjust i t 8  s p i n n i n g  speeds a t  Spruance to keep 

ahead of demand; t h a t  the evidence also shows that Du Pont i s  well a long  i n  

i t s  plans to conrtruct a s p i n n i n g  plant i n  Europe, vhich w i l l  be operating by 

and that Du Pont i s  committed to b u i l d  s p i n n i n g  f a c i l i t i e s  i n  Japan once 

demand there reaches million pounds per year. (CPHR pp. 29-30). Du Pont  

asserts  that i t  i r  an outright misrepresentation of  the record to  assert that  

Du Pont requires a "major technological advance" t o  increase existing capacity 

w i t h i n  the next feu months a8 i t  alleges Akzo contends. (CPHR p. 3 0 ) .  

At the outset,  i t  i s  only Du Pont'e capacity to meet United States demand 

that is relevant t o  the effect of Akto 'r  importation. Du Pont'e ab i l i ty  to 

meet a demand for  aramid fiber outside the United Stater i s  not relevant to 

whether i t  has suff icient  capacity to meet demand i n  the U n i t e d  States ,  

On the evidence before the administrative law judge Du Pont has the 

capacity to meet demand for  aramid f iber i n  the U n i t e d  States. While Du Pont'r 

Spruance plant has experienced technical problems related t o  the switch from 

"PA to solvent 80 that actual ,  present capacity i s  to 

m i l l i o n  pounds per year (PP 769),  on A p r i l  1, 1985 Du Pont increased i t 8  

yards per  minute and the number of ends per s p i n n i n g  speeds from 

spin module from b r i n g i n g  e f fect ive  annual capacity t o  million 

pounds (FF 771) Du P o n t  intends further t o  increase ef fect ive  capacity to 

m i l l i o n  pounds w i t h i n  the next two years and to  

(FF 771). 

f rom m i l l i o n  pounds. The facility already has adequate 

million pounds by 1987 

The Spruance f a c i l i t y  was designed to allow expansion of production 

polymerization s o l v e n t  recovery a n d  ingredients' capacity to produce 

m i l l i o n  pounds of "Kelvar" annually. (FF 773). Horeover space i n  the Spruance 

p l a n t  has been allocated for  additional polymerization and s p i n n i n g  

equipment. The addition of two spinning  machines of the current type and one 
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polymerization unit w i l l  increase the capacity to the million paunds and 

that equipment can be installed with a lead' time o f  approximately two years 

(FF 7 7 4 ) .  

Du Pont plans to construct a spinning plant f o r  aramid fiber in Maydovn, 

Northern Ireland. Operatlon is expected to begin in 1987 with a nameplate 

capacity of million pounds. Du Pont expects to expand the nameplate 

capacity to 

775). While construction of the Haydown plant has not yet been authorized, Du 

Pont has applied for government grants to aesist i n  funding. 

m i l l i o n  pounds per year In the second quarter of  1987. (FF 

(FF 776). 

Moreover Du Pont has entered into a joint venture which includes a proposal to 

build a spinning plant in Japan and it is expected that construetion Of a 

Japanese plant w f l l  begin in . (FF 77j.) 
The administrative law judge w i l l  not speculate what Du Pont can do i n  a 

world market. Ile has found that Akzo has not sustained its burden in proving 

that claim.13 of the '756 patent i s  invalid or unenforceable. Based on the 

record before him Du Pont wfll have sufficient capacity to meet projected 

United States demand. 
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FIMDItICS OF FACT 

1. JURISDICTION 

1. The Commission has in rem and subject matter jurisdiction in 
I -  

this investigation, under S 337, since the alleged unfair methods o€ 

competition and un€air acts involved the importation into, and sale in, the 

united States of aramid fiber produced by an alleged infringing process, of 

the '756 patent the alleqed effect or tendency o f  which i s  to destroy or 

substantially injure an industry, alleged to be efficiently and economically 

operated in the United States. 

1 1 .  THE PARTIES 

2. Complainant E. f du Pont de Nemours an3 Company (Du Pont) is a 

Oelaware corporation with its principal place of business in Wilminqton, 

Delaware. (Complaint 1 1,2; Response to   om plaint, 1 1 . 2 ) a  

3. Respondents in this investiqation (Akzo) are (complaint 1 1.3: 

Response to complaint 1 1.3): 

a .  Akzo N . V . ,  a Yetherlands corporation, with its principal place 

o f  business at Arnhem, The Netherlands. 

b. Enka B.V .  (Enka), a Netherlands corporation, which is an 

indirect, wholly-owned subsidiary OE A k z o  F1.v. with its prinicipal place O f  

husiness at AKnhOm, The Netherlands. 

c .  AktOna, Inc. (Aktona), now known as Akzo-America (tempelin, 

Tr. pp. 1590-911, a Delaware corporation which is an indirect, wholly-owned 

subsidiary oE Akzo  N.V with its principal place of business at Ashcville, 

North Carolina. 
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cl .  Aramidc Haatschappi j v.o . f . ,  (Arami) , a partnership orqani-zed 

under the laws of  the Netherlands in w h i c h '  Enka Arami&e B.V . ,  a wholly-owned 

subsidiary o f  Enka i s  a partner. The other partner i s  Noramide B . V . ,  a 

subsidiary of N .  V. Noordelijke Ontwikkelinqsmaatschappij ( N O Y ) ,  w h i c h  is a 

company a l l  of whose shares a r e  held by the Du':ch Government. Arami's 

pr inic ipal  place oE business is Arnhem, The Netherlands. (Zempclin, Rx-7, p.  

3 ) .  The NOY is independently responsible for i t s  investments and is a 

"private,  Limited enterprise."  I t s  employees are  employees o f  a private 

company and not c i v i l  servants (Wisman, T r .  p. 2 5 8 4 ) .  

4 .  Akzo N.V. i s  involved i n  the a c t i v i t i e s  of  the other respondents: 

a .  The management of the respondent's companies overlaps: Mr. 

Zempclin i s  a member of  the board o f  management o f  Akzo N . V . ,  the President 

and Chief Executive Officer  o f  the Enka Group w h i c h  includes Enka as well as 

Enka's i n t e r e s t  i n  Arami, and a-member of  the board of directors o f  AkZOna. 

(Zempelin,. RX-7 p. I ) .  

b e  Akto  N . V .  supervises the operations oE Enka and i t s  other 

subsisjiaries and controls  their  major decisions:  Akzo N.V. must approve the 

subsidiaries '  thcee-year operational plans a n d  s t r a t e g i c  plans: without Akto  

N.V . ' s  approval, no investment over 2.5 million quilclers (5700,OO) '' may be 

made by a subsidiary, no loan nay be contracted,  and no equity c a p i t a l  may be 

raised. (Zernpelin, T r .  pp. 1611-1613, 1151s-20). However the responsibi l i ty  

for the day to day business operations oE Erika and the other subsidiaries of  

Akzo N.V. has been delegated from Akzo Y.V. to the subsidiary. For example no 

customer wil l  f i n d  a S i l l  €[om Akzo N.V. The b i l l  for example,will be from 

E n k a  or  Erom Akzo s a l t  chennical subsidiary. (Zempelin Tr., p. 1612) I 

I/ 
(Hausman, R X - 4 0 2 1  p. 5 3 ) .  

Dased on current exchanqe rate of 3.55  guilders per d o l l a r s .  - 
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There is no evidence in the record that  Akzo N.V. p l a y s  any role in dccidinq 

the quantity output of t h o  aramid plants ,  the s i t e  o f  shipments t o  a 

particular geoqraphic region or  the prices a t  wbich the product i s  to be sold. 

C. Akto N.V.'s research laboratories have been c l o s e l y  involved 

in the adoption of respondents' accused process w h i c h  is alleged t o  be covered 

by the claims of  t h e  ' 7 5 6  patent and used d i r e c t l y  or indirectly by the other 

respondents. .(Volbracht, CX-935 pp. 2 5 - 2 6 ;  CX-928 p, E 4 1 2 8 6 4 ;  CX 976A p.  E 

473369-70 1 

13. A s  w i t h  a l l  major pro jects  undertaken by one o f  i t s  

subsidiaries,  approval by Akzo  N.V. was necessary for Enka 's  entry into  the 

j o i n t  venture aqreement w i t h  NOM. Akro followed the negotiations very 

careful ly  and a representative of Akto N . V .  was present during a l l  

negotiations w i t h  Not¶. (van de Ven, CX-89 pp. 37-38, 5 5 ) .  

e .  Akzo N.V. guaranteed loans on behalE of the j o i n t  venture 

2 /  t o t a l l i n g  80 million D u t c h  guilders (521.6 million- I ,  in the follouinq 

amounts: De Nationale Investerfngs B a n k  N.V. ( 5 0  m i n .  o f l . ) ,  Cooperative 

Centrale Raiffeinsen Boerenlenbank B .A .  ( 1 5  min.  DEL.) , Nederlands 

Middenstandsbank N.V. ( 1 0  min .  D E L , ) ,  Ban4 of  Tokyo (Holland) N.V. (5 m i n .  

DEL.), (van de Ven, CX-89 p. 5 4 ;  CX-546, response t o  I n t .  No. 1 4 ) -  

E. Akzo N . V .  follows the c o n f l i c t  w i t h  Du Pont about patent 

r ights and i s  interested i n  the outcome. (van de Ven, CX-89 p. 125).  

g. Mr. Loudon, who i s  president of Akzo N.V. ,  but who holds no 

position with Enka, ini t iated and Sirected licensing discussions between Akzo  

N.V. and D u  Pont. tie siqncld a l l  important correspondence concerning those 

negotiations on behalf o f  respondents, (van de Ven, Cx-89 p. 4 4 :  Heckert, 

CX-1 pp. 32-34; CX-30: CX-31: CK-33). 

- 2/ This dollar  va lue ,  is calculated a t  the exchanqe r a t e  of 2.90 
guilders per dollar prevailing i n  1983 when the Arami partnership Was 
formed. (RX-1805 p. E 700559) . 
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h. After receiving a recommendation from Enka, Akzo, N . V .  

determined the final position O f  respondents in the licensing negotiations 

w i t h  DUPOnt (van de Ven, CX 89 p. 133). 

i. Soon atter the licensinq negotiations with DuPont terminated, 

the Akzo N.V. board of directors approved the filinq of litiqation against Du 

Pont concerning Du Pont's aramid patents in the United States District Court 

for the Western District of North Carolina. (van de Ven, cx-89 p. 1 3 3 ;  

CX-658 1 0 

5 . '  The corporations affiliated with A k t o  N.V.  are toqether 

Europe's latqest producers of textile Eibers. The Enka Group, of which Enka 

is a part, is the world's larqest producer of industrial yarns. A k t o  N.V. has 

more than 80 subsidiaries and affiliated companies with operations in more 

than 50 countries and 1983 earnings of about 5142 million on sales in cxce9s 

of $5 billion. (Response to Complaint !I1 1.3, 1.6; Zempelin, RX-7 p .  3). 

6. YOM, Enkd's partner in Arami, was established in 1974 by the 

Dutch Government "to help improve the social-economic structure of and 

employment in the northern provinces of t h e  Nether lands. "  It i s  orqanized as 

a lirnited liability company, but the Government of the Netherlands holds a l l  

of its s t o c k  through the Dutch Ministry of Economic AEfairs, (Wisman, RX-9 p.  

1) 

7. Since its establishment in 1974, FJOM has never earned a profit 

(klisrnan, CX-6f2 p. 2 4 )  with the possible exception that the fiqures for 

calendar year 1984 "may show a ptoEit" when they are Einalized (Wisman, Tr. p. 

2585). 

t3at half the Government funds invested by NOM up to that tine (then 

approximately 400 miLLion quilders) had been written of€ as losses. ( R X - 1 1 2 2  

In his year ly  report for NOM on January 10, 1984, Mr. Wisman sta ted  

P* 8000124). 

8 .  NOM, the Hinistry of Economic Affairs and Akzo N.V.  reached 

agreement on all the principal terms ol the Arami partnership arrangements in 
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Ju ly  1992. (CX-572; Wiseman, Tr. p. 1574). There terms were incorporated, i n  

somewhat more deta i l ,  in the partnership instruments formally signed by the 
- 

parites on a r c h  4, 1983. (RX 11709 and RX 1810). Both  the J u l y  1982 

agreement i n  principle and Article 15.2 o f  t h e  formal Agreement of thrch 19113 

set forth i n  identical terms the parties'  intent that the Arami partnership 

should permit A k z o ,  N.V. t o  operate the aramid business with substantial 

Government financial assistance: 

"AkzoIEnks have confirmed that the aramid project i s  of 
essential  importance t o  Enka and t h a t  Enka,  despite i t s  
dominant position i n  relation t o  NOM, nevertheless desires a 
joint  venture w i t h  NOM as well as a large f inancial  
contribution by the Government." (RX-ltIO3 pp. E 700794-95 ;  
CX-572 p. E 407195; Wiseman, Tr, pp. 275-78) -  

3. Dr. Zempelin confiqed in h l s  testimony that 

However Arami recelves no special grants 

or subsldies from the Dutch government (Wisinorl RX-11 P o  4). 

In. D u t c h  Covernment financial assistance supports the A r a m i  

partnership i n  the f o l l o w i n g  respects:  

a. Through ?:ON, the Government contributed guilders 

( i n  1303 when the Arami partnership ws f o u n d )  ) i n  equity 

capital.  Although Enka nominally made a similar g u i  lder 

contrlbution to capita l ,  only about guilders were i n  

cash and the balance was the value assigned to  contrlbution o f  "know-how." 

(flfsman, RX-9,  p. 4 ,  Tr. p. 257'3). 

h. Arani received an additional guilders 

i n  Investment Premiums Regulation (IPR) -and WTR investment credits  
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(UIR). (Wiseman, RX-9 p. 5 ) .  The IPR premium is a cash payment to. Araaf, and 

the WIR credit  take8 the form o f  tax r e l i e f .  (Uisman, Tr. pp. 2581-82). A 

number of cash installment payments have been made u n d e r  the 'IPR premium, but  

neither Dr. Zempelin nor flr. \!iseman could r e c a l l  the t o t a l  amount. 

(Zempelin, Tr. p. 1517; Wisman, Tr. p .  2581). The IPR and the WTR a r e  

available to any conpany operating i n  the Netherlands, including Du Pont, 

which has a f a c i l i t y  i n  Dordrecht. According t o  information which  b!r. Wisman 

received, Du Pont has received a IJTR investment credit  over the past year 

(idisenan, Tr . ,  p. 2606; Wisman RX-11 p. 4 ) .  

c. The Government provided a development c r e d i t ,  i n  The form of 

an incentive loan t o  encourage new development, from w h i c h  AraPi benefits .  

(Wiseman, Tr.  p. 2582) .  

d.  The Yational Investaent Bank (NIB), w h i c h  i s  a f f i l i a t e d  with 

the Dutch Government provided a . guilder loan t o  

Arani. .(Id.. - pp. 2582-83).  

e. The Dutch Government has provided loan guarantees to Arami in 

the amount of guilders . (CX-546, PP. 34-35; 

Wisman, Y r .  pp. 9583-34). 

111. THE PF.OCESS n: ISSUE 

11. The '756 patent i n  issue contains only process claims. 

(Zenpelin, RX-7,  p. 5). Du Pont's competing 

aramid f i b e r  Is  s o l d  under the registered trademark "Kevlar". (Heckert, CX-1, 

pp. 8-10). 
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12. advanced by Akzo that i t s  aranfd f i b e r  does 

not infringe the asserted claims of the ' 7 5 6  patent are  that the '755 patent 

i s invalid and unenf orceahle . (RPH) . 
13.  ."Aramid" is a generic definit ion for a manufactured f i h e r  in 

w h i c h  the fiber-forming substance i s  a long-chain synthetic polyamide i n  which 

a t  least  85% of the amide linkages are  attached d i r e c t l y  to  two aromatic 

r ings .  (CX-837 p. 16). 

14. Both "Kevlar" and "Twaron" aramid f i b e r  are formed o f  poly 

(p-phenylene terephthalanide) commonly referred t o  a s  "PPD-T" where a l l  the 

amide linkages are  attached a t  the para position o f  the aromatic rings. Such 

ffbers are sometimes known a s  para aramids. (Uhlmann, CX-335 ,  pp. 7-8; 

1Jitherspoon, CX-?3 p. 8; Weijland, CX-901, p. 84 1.  22-85 1. 6; CX-904). 

15.  Aramid f i b e r  i s  the strongest commercial synthetic f i b e r  k n o m  

t o  man -- about f i v e  times as st'rong as s t e e l  on an equal weight basis, 

(Broekmeyer', RX-3 p. 2 ) .  It has opened vast new technical horizons. (E*) 
16. Du Pont's "Kevlar" aramid f iber  has a unique conbination of  

properties never before achieved i n  a synthetic f i b e r .  (Henry, CX-36, P O  6 ) .  

I n  addition t o  extraordinary as-spun strength "Kevlar" has a nodulus ( i  . e . ,  

i t s  resistance t o  s t r e t c h )  equal t o  glass (Uhlmann, CX-835  p. lo), eight t i n e s  

a s  h i g h  as industrfal  grade polyester and 25 times as high a s  industrfal  grade 

nylon. (Henry, CX-36 p. 7). 

- 

17. "Kevlar' f i b e r  a l s o  displays remarkable heat res is tance .  

"Kevlar" w i l l  not melt ,  I t  reta ins  one-half i t s  room temperature t e n s i l e  

strength a t  254 Celsius, w h i c h  is the melting point of industrial  grade n y l o n  

and polyester. "Kevlar" only chars at exposure t o  h i g h  temperatures. (Henry I 

CX-36 p. 7) .  
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18. Because of i t s  unusual properties,  "Kevlar" f i b e r  has many 

diverse applications -- i n  ropes,  spacecraf t ,  airplanes,  bul let  res is tant  and 

other protective clothing,  t i r e s ,  boat h u l l s ,  hard armor. gaskets ,  and other 

ob jects .  

some uses, i t s  rustproof character or s t a b i l i t y  i n  h i g h  or  low temperatures 

contribute t o  i t s  u t i l i t y .  Depending on the use,  "Kevlar" aramid f i b e r  can 

substitute for s t e e l ,  aluminum, asbestos,  nylon, rayon, polyester ,  cotton, or 

It can be used where h i g h  strength and l i g h t  weight are  sought. I n  

carbon f i b e r .  (Henry, CX-36 p. 7). 

13. Du P o n t  has developed a broad variety of "Kevlar" aramid f i b e r  

products t o  meet the needs of cuetomers and potential  customers vho have 

di f fer ing uses f o r  t h e  product, 

yarns and rovings, i n  a broad range o f  deniers ,  ranging from 135 to  15000 

denier. (Henry, CX-36 pp. 3 -10) ,  Denier is the weight i n  grams o f  9000 

meters of yarn (Henry, CX 36 p. 9) and "dtex" is the weight i n  grams of 10,000 

meters of yarn. (Ilhlmann, CX-835 p.  4 ,  T r .  8 3 2 .  pp. 1-17; CX-002; CX-911 p. 

"Kevlar" i s  available as  continuous filament 

3) 

20- "Kevlar" f i b e r  i s  a l s o  produced as staple and as p u l p .  Staple 

consists  o f  short ,  crimped f i b e r s  designed primarily to  be spun i n t o  yarn and 

for use as reinforcement i n  composite material.  

ground f i b e r  used f o r  applications such  as the reinforcement of elastomers and 

f o r  asbestoes replacement i n  f r i c t i o n  products. (Henry, CX-36, p. 10). 

'Xevlar" p u l p  is a f i n e l y  

21. "Y,evlar" f i b e r  i s  a l s o  available at  two levels  o f  modulus. The 

regular nodulus Kevlar is sold under the names "Kevlar" and "Kevlar 29". 

"Kevlar 43"  is a continuous filament yarn that has been subjected to  heat and 

high tension to create  a higher modulus form of the f i b e r .  I t  i s  used 
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p r i m a r i l y  as a r e i n f o r c e m e n t  material i n  high t e c h n o l o g y  c o m p o s i t e s  for s u c h  

a p p l i c a t i o n s  as  aircraft and space v e h i c l e  par ts  a n d  b o a t  h u l l s .  ( H e n r y ,  CX-6 

p. 10). 

2 2 .  Propert ies  and u s e s  o f  " K e v l a r " ,  " K e v l a r  2"" a n d  " K e v l a r  b 9 "  

are d e s c r i b e d  i n  Du P o n t ' s  T e c h n i c a l  D u l l e n t i n s  f o r  t h o s e  p r o d u c t s .  (CX-42) .  

23. Akzo's "Twaron" a r a m f d  f i b e r  h a s  s u b s t a n t i a l l y  the s a n e  

properties and u s e s  as Du P o n t ' s  " K e v l a r "  f i b e r s .  

P r o p e r t i e s  and u s e s  of ' iwaron are d e s c r i b e d  i n  Akzo's T e c h n i c a l  B u l l e n t i n s  for 

i t s  p r o d u c t s .  (CX-911) .  "Twaron" is s imi lar ly  a v a i l a b l e  a t  two l e v e l s  Of 

modulus .  (CX-911,  p. 3; W e i j l a n d ,  CX-?01,  p. 1 1 5 ,  I s ,  13-23).  

( Z e r n p e l i n ,  RX-7, p. 5) -  

24. "Twaron" f i b e r  i s  made and s o l d  i n  v a r i o u s  t y p e s .  

( W l t h e r s p o o n ,  CX-853,  p. 3 ;  CX-856 pp. 7-9 ( R e q u e s t  1 3 ) ;  CX-903 p. 5 ( I n t .  

all) .  

2 5 .  Du P o n t ' s  p h y s i c a l  E x h i b i t s  CPX-804 t o  CPX-803 are i l l u s t r a t i v e  

of Akzo's "Twaron" aramid f i b e r .  ( W i t h e r s p o o n ,  CX-853  p. 4, T r .  p. 1 4 1 0 ,  1. 

20 - 1612, 1.10; C X - 3 0 2 ;  CX-356 pp. 7-3, Req.  No. 13). 

26. Akzo's "Twaron" f l b e r  i s  c u r r e n t l y  b e i n g  produced i n  h e  

K e t h e r l a n d s  i n  a p i l o t  p l a n t  i n  Arnhem. By O c t o b e r  1385 t h i s  f i b e r  w i l l  be  

produced i n  a c o n m e r c i a l  p l a n t  h e l n g  c o n s t r u c t e d  i n  E n n e n ,  The N e t h e r l a n d s .  

( Z e m p e l i n ,  RX-7 pp. 4-6, paras. 3 ,  10,  11). 

27. "Twaron" f iber  i s  c u r r e n t l y  p r o d u c e d  by a s p i n n i n g  process  

w h i c h  comprises 

( ! I I t h e r s p o o n ,  CX-853  pp 5,  7, 8;  W e i j l a n d ,  

CX-?Pl pp. 27 ,  11. 8-11 a n d  p. 1 2 1 ,  1. 2 2 - 1 ? 6 ,  1, 8 ;  c x - 3 1 3 ) .  T h i s  same 

s p f n n l n g  process w i l l  he used t o  p r o d u c e  Twaron f i b e r s  i n  t h e  Emmen p l a n t .  

( I t e i j l a n d ,  C s - 9 0 1  p. 7 1 ,  1. 17-72, 1. 11; cx-?r)3 pp.  1 3 - 1 4 ,  R e s p o n d e n t s '  
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R e s p o n s e  t o  Complainant  '6 '  Interrogatory No. 5) 

28.  " K e v l a r "  f i b e r  i s  p r o d u c e d  at  Du P o n t ' s  S p r u a n c e ,  V i r g i n i a  

p l a n t  (Henry, CX-36 p. 72)  by a s p i n n i n g  p r o c e s s  c o m p r i s i n g  

( U h l o a n n ,  CX-835 p. 20, 2nd 

p a r a g r a p h ;  RX-448, P a r t  2 pp. TC 0 8 0 7 4 7 ,  TC 080835 and TC 080987)- 

2Q. The " R e v l a r "  and " m a r o n "  commercial s p i n n i n g  p r o c e s s e s  are 

"Twaron" 
P o l y a n i d e :  
S o l v e n t :  
PPD-T Concentration: 
PPD-T I.V.: 
Air Cap: .  . 
Coagula t f ng Bat h : 

(PFF 3.13) 

30. Akzo's aramid fibers are p r e p a r e d  by 

( W e f j l a n d ,  CX-901 pp. 13-16 ,  20-34, 67). 

31. 

( T r .  p. 4 0 7 2 ) .  
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I V .  TllC ' 7 5 6  PATENT 

32. U . S .  Letters Patent No. 3 , 7 6 7 , 7 5 6  ('756 patent) entitled 

"Dry-Jet Net Spinning P C O C ~ S S "  issued October 23, 1973 on application Ser. NO. 

268,052 filed June 30, 1972. Set. NO. 268,052 was a continuation-in-part 

application of abandoned Ser. No. 239,377 filed March 29, 1972 which in turll 

was a continuation-in-part application of abandoned Ser. No, 172,515 filed 

August 17, 1971 which in t u r n  wds a continuation-in-part application o f  

abandoned Ser. No. 138,210 filed April 28, 1971. The '756 patent has the 

named inventor Hertiert Blades and, on its face, is assigned to Du POnt by 

virtue of an assiqninent dated June 29, 1972 €tom nlades. (Cx-6,  H X - 5 7 ;  C X - 7 ) .  

Claiins of the ' 7 5 6  Patsrit. 

.. 33.' The thirteen method claims O E  the ' 7 5 6  patent read: 

L. A method coinprisinq extruding a spinninq dope from an 
orilice through a layer of inert non-coagulating fluid 
into a coagulating bath, said dope comprisinq a polyamide 
and a solvent consistinq essentially of sulfuric acid of 
at least 9 8 1  concentration, chlorosulfuric acid Or 
fluoroulfuric acid and mixtures thereof at a concentration 
(C) of at least 30 grams o f  said polyamide per 100 ml. of 
solvent, said plyamide havinq an inherent viscosity of at 
least 2.0 but no less than 12,S-.OS(C-30) and consisting 
essentially of recurrinq units selected from the group: 

- .- -- 
cn 0 0  (111 t f  -w - B . 4 -  - E - d  

wherein units 1 and 11, i t  present in the polyamide, ace 
present in substantially equimolar amounts, R ,  R' and R. 
which may be the same or different, are divalent radicals, 
n may be zero or the integer one3 and at least about 95 
mol percent of the total R, R' and R" radicals in the ' 

polyamide consist of  single rigid radicals with extended 
bond8 or a series of  such r i g i d  r a d i c a l s  which a r e  linked 
toqethcr directly by extended bonds with the proviso that 
r i q i d  r ing  radicals may be linked by azo or szoxy groups. 
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2. The method of claim 1 wherein the acid is sul[urlc 
acid of at least 981 concentration. 

3 .  l'he method of  claim 2 wherein the. polyamide has an 
inherent viscosity o f  at least 3.0 and i s  present at a 
concentration of at least 40 grams per 100 ml. of solvent. 

4. The method of claim 2 wherein the polamide i s  poly 
(p-phenylene tereph thalamide) 

5. The method of claim 1 wherein the layer of ELuid is 
between 0.1 and 10 cm. thick. 

6. The method of claim 1 wherein the layer of fluid is a 
gas 

7 .  The method of claim 1 wherein the coagulating bath is 
at a temperature of under 50°C. 

8. l'he method of claim 7 wherein the fluid layer is air 
and the coagulating bath i s  aqueous and at a temperature 
of 2 8 O C ,  or lower. 

9. The method of claim 1 wherein the rigid radicals arc 
single ring or fused multi-rinq aromatic carbocyclic Or 
heterorydic radicals, trans-1, -cydohexy.lene 1, 4-  
I 2 ,2 ,21-b icyc lo -octy Icne,  vinylcne or cthynylene. 

. 10. A method comprising extrudinq'a spinning dope from an 
orifice throuqh a layer of inert non-coagulating fluid 
into a coaqulatinq bath, said dope comprislnq a polyamide 
and a solvent consisting essentially of sulfuric acid Of 
at least 989 concentration, chlorosulfuric acid or 
fluorosulfuric acid and mixtures thereof at a 
concentration ( c )  of at least 30 grams oE said polyamide 
per 100 ml. o f  solvent, said polyamide having an inherent 
viscosity of at least 2.0 but no less than 1 2 . 8  - . 0 5  
(C-3011 and Consisting essentially oE recurring units 
selected from the group: 

0 0  R X  O R  

(1) 41) (ut) 

-&-a.-E- -N-R'-N- I I  .pb -E-&**-s- I 

wherein units I and XI, if present in the polyamide, are 
present in substantially equimolar amounts, R, R', R" may 
be, the same or different divalent radicals, n may be zero 
or the integer one, and at least about 95 mol percent Of 
the total R, R 1  and R" radicals in the polyamide are 
selected Erom the group of ttans-l,4-cyclohexylene8 
L,Q-phenylene, l,S-naphthylene, 2,~-pycidylene, 
4,4'-biphenylene, trans(trans - 4 8 4 '  - bicyclohexylene 
radicals and L,4-phenylene group$ linked by 
trans-vinylene, ethynylenc, azo or azoxy with the proviso 
t h a t  R may also be selected from trans-vinylene, 
ethynylenc, t r a n s ,  trana-1,4-butadienylene and 
2,4'-tran~-vinylen~phcnyleqe. 
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11. 'rhp procr?ss of c l a i m  1 0  wherein a t  l e a s t  9 5  mole 
I l p r c c n t  of the total  R ,  R' R" radicals  a r e  1,l-phenylene 
r < i r i i c a  I S .  

1 2 .  The method of  c l a i m  10  wherein the spinninq dope 
passes from the o r i f i c e  throuqh a layer of qas and into an  
aqueous bath a t  a temperature of under 50°C. and wherpin 
the polyamide has a n  inherent viscosit : !  Of a t  least  3 . 0  
and i s  present a t  a concentration o f  a t  least  40  grams per 
1 0 0  ml. of solvent.  

13. The method of claim 1 2  wherein the polyamide is 
poly(p-phenylene terephthalamide) a n d  the solvent is 
sulfuric acid of  a t  least  98t  concentrat ion. 

(CX -6 ,  RX -57 ,  C O l .  1 8  IS .  61 -75 ,  Cola 19 ,  LS. 1 - 4 4 ,  Cole 2 0 ,  I S .  

1 - 3 1 ) .  

The ' 7 56  P a t e n t  Specif ication 

3 4 .  T h e  '756 patent disc loses  t h a t  application Set .  No. 2 6 8 , 0 5 7  

f i l e d  J u n e  3 0 ,  1972  r e l a t e s  to a product w h i c h  may be prepared by the "present 

process" fCX-6, R X - 5 7 ,  col. l , . l s .  50-53). Ser.  No. 268 ,057  issued, a s  U.S .  

Letters Patent 3 , 8 6 9 , 4 2 9  on Yarch 4 ,  1 9 7 5 .  I t  is e n t i t l e d  "Hiqh Strenqth 

Polyamide Fibers and Films"and the named inventor i s  Iierbert Blades. The 

patent on i t s  face i s  assiqned t o  Du Pont. 

3 5 .  The ' 7 56  spoci f icat ion teaches that the invention r e l a t e s  t o  an 

improved process for t h e  preparation of  t i b e r s  from certa in  polyamides and t o  

novel spinning dopes. The result ing f ibers  are  said to  be useful i n  t i r e  

cords a n d  for other applications. (CX-6, R X - 5 7 ,  c o l .  1 ,  I S .  53-57). 

36. Under the heading "Dackqround o f  the Invention' i t  i s  stated:  

The prior a r t  I ' .S .  Pat. 3 , 4 1 4 , 6 4 5  t o  Morgan teaches a 
dry- je t  wet spinninq process of extruding a solution of  
w h o l l y  aromatic polyamides through a gesous [ s i c ]  medium into  
a coagulating b a t h ,  folLowed by stretching i n  a wash l iquid,  
washing, drying and hot drawing to produce Eilaments. 
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German Offen. 1,810,426 to Kwolek teaches tho use of 
certain optically anisotropic dopes of carbocyclic aromatic 
polyamides in wet spinning processes to afford fibers of goo4 
strength as-spun, i.e, without a drawing process. A heat 
treatment with tension raises the strength to higher values. 
It is a desirable objective to prepare aromatic polyamide 
fibers of higher as-spun strength. 

(CX-6, R X - 5 7 ,  Cola 1, IS. 58-72). 

37. The invention is summarized as follows: 

The invention involves the process of extruding a dope of 
a hereinafter described nature from an orifice through a 
layer of a n  inert non-coagulating fluid into a coagulating 
bath to form fibers or films. The dope comprises a polyamide 
as specified below in a solvent consisting essentially of 
sulfuric acid of at least 98$ concentration, chlorosulfuric 
acid or fluorosulfuric acid and mixtures of these acids at a 
concentration of at least 30 qrams and preferably at least 40 
grams o l  such polyamide per 100 ml. of solvent. 

The processes of this invention can provide as-spun fibers 
having a filanent tenacity of at least 15 qrams per denier 
and a modulus of at least 300 grams per denier. Preferred 
conditions afford as-spun filaments of at least 20 grams per 
denier. 

38. Under the headinq "Detailed description of the drawing" it is 

explained that as shown in FIG. 1, "the spin dope is pumped through transfer 

lines 1 through a spinning block 2, through the orifices of a spinneret 3 - - - 
through the layer of gas - 5 and into a coagulating liquid - 6 where the filaments 
4 are conducted under guides 7 and 8 and stronq as-spun yarn 15 is wound up o n  - - - - 
a rotating bobbin 9" (Cx-6 , RX-57 at col. 2, 1s .  30-35). It is further 

explained that FIG. 2 "shows a nodification whereby the extruded filaments 1 

are forwarded through the coagulating liquid 6 that is flowing from container 

- 

11 through spin tube 10 to container 12 from whence the liquid is returned by 

pump 13 and tube 14 to container 11. The filaments are conducted under quide 

. -  - - 
- - - 

7 and strong as-spun yarn 15 is wound on rotating bobbin 2." (CX-6, RX-57 - - 
Cole 2 ,  IS. 36-42), 
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39. Under the heading "Description of the Preferred Embodiments" 

and the subheading "Suitable polyamides" it is stated: 

The linedr condensdt ion polyiners employed in the present 
invention consist essentially of recurring units selectetl 
from the group: _-.-_.  ------.-  .. 

wherein units I and I [ ,  if present in the polymer, are 
present i n  substantially equimolar amounts, R, R' and H" 
which may be the same or different are divalent radicals. n 
may be zero or the integer one, and at least about 95 mol 
percent of the total R, R' and R "  radicals in the polymer 
consist of single rigid radicals which are linked together 
directly be extended bonds. In addition, azo--N=N-- and 
a toxy 

0 
f 

-HIM- 

radicals can s e r v e  to link two rigid rinq radicals. 'rhus, 
the essential portion of the pslyrner consists of polyamide 
units (including polyoxamide units when n i s  zero), which 
provide stiff chains. . 

I3y the expression "rigi:i radicals" is meant (a) the rinq 
,radicals: single r inq or fused multi-rinq aromatic 
carboyclic or heterocyclic radicals, trans-1,4-cyclohexylene 

and l , 4 l  2,2,21-bicyclo-octylene and (b) the linear 
unsaturated radicals: vinylene 

and ethylene --C=C--. It will be understood that monomers 
containing amino groups  directly dttached to linear 
unsaturated radicals are not stable and hence vinylene Or 
ethylnylene cannot serve as R' OK that portion of a R' 
rad icals attached to 

I 
-u- 

By the expression "extended bonds' i s  meant chain - 
extending bonds of the radical (as determined by the true 
bond angles) which are essentially coucial 



and a p p o s i t e l y  d i r e c t e d .  These  polymer s t r u c t u r e s  
a d d i t i o n a l l y  have the  c h a r a c t e r i s t i c  of  forming a n i s o t r o p i c  
or Liquid c r y s t a l l i n e  phases when mixed w i t h  c e r t a i n  strong 
p r o t o n i c  a c i d  s o l v e n t s ,  as w i l l  be discussed i n  g r e a t e r  
dcBtaiL in a Latnr s e c t i o n .  

and R" a r e  trans-lI4-cyclohexylene, 1 , 4 - p h e n y l e n e l  
l , S - n a p h t h y l e n e ,  . 

P r e E e r r c d  r a d i c a l s  with extended bonds s u i t a b l e  for R, R' 

and 1 , 4 - p h e n y l ~ n e  qroups 1 inkr?4 by t r a n s - v  i n y l e n - ,  
e t h y n y l e n e ,  a z o  or a t o x y .  In q ~ d i t i n n ,  R may hn 
t r .i i c; -v  i n v 1 enp , e t hyny 1 n n P 

'!Vir: l a t t e r  nay a l s o  s e r v o  a s  R". 
R,R' and R" a r e  intcndctl  t o  inclut le  s u h s t i t u t c d  and/or 

u n s u h s t i t u t c d  r a l l i c a l s .  The s u b s t i t u t q s ,  i F  a n y ,  should 
p r e f e r a b l y  be n o n r c ~ c t i v e  ( c . q . ,  t h p r m a l l y ) .  Such  r e f a c t i v i t y  
may be u n d e r s i r a b l e  i n  t h a t  i t  may cause b r a n c h i n g  and 
c r o s s - l i n k i n g  ol: t h e  polymer ~ n r l  n a y  atlvr?rsrlly a f E e c t  t h e  
dope and/or f i b e r  p r o p e r t i e s .  Among the p r e f c r c e r l  
n o n r e a c t i v e  s u b s t i t u e n t s  m a y  b e  namr?d h a l r q e n s  ( e . g . ,  c h l n r o ,  
bromo and f l u o r o ) ,  lower alkyl ( e . g . ,  m e t h y l ,  e t h y l  and 
i s o p r o p y l ) ,  methoxy, c y ~ n o ,  and n i t r o ,  Q t h e r  s u i t a b l e  
s u b s t i t u e n t s  w i l l  br! cvir lent  t o  t h o s e  s k i l l e d  in the a r t  and 
a r e  c o n t e m p l a t c ~ l  herein. G e n e r a l l y ,  i t  is p r e f e r r e d  t h a t  no 
more than two (3v? pore p r e f e r a b l y  no mare than o n e )  s u i t a b l n  
s u b s t i t u e n t s  be p r e s n n t  per s i n q l e  r a d i c a l .  P r e E e r a b l y  no 
more than 20 m r i l  pcrccnt o€ the t o t a l  R, R' and R "  r a d i c 3 1 s  
i n .  t 3 e  polymer should !Y s u b s t  i t u t d  R " ,  

A p r e f e r r e d  c l a s s  o f  t h e  p o l y h e r s  ol the qro?lp descr ibed  
a!Jove a r e  t h o s e  palyami4cs [ n  being t h e  i r i t e q r r  one)  wherein 
a t  L e a s t  50 m o l  p e r c e n t  of t h e  t o t a l  of R, R' an3 R" r a d i c a l s  
a r e  whol ly  a r o m a t i c .  A more p r e f e r r e d  c l a s s  o l  t h e s e  
p q l y r e r s  ore those polyamides wherein R and I?' a r e  selected 
from t h e  group 1 , 4 - p h e n y l e n e ,  4 , 4 " - b i p h e n y l e n e ,  
2 - 5 - n a p h t h y l e n c ,  2 , 5 - p y r  idylenc, trans-v i n y l c n e  and t r a n s  
l , J - c y c l o w y L ! ? n c  and R "  is L , J - p h m : . f L e n c  v i t h  t h e  proviso 
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that at least 50 mol percent of either R or R '  radicals a r e  
1 , J-phenylene. 

T h e  chains of the linear condensation polyrlrers of the 
group described above may include u p  t o  about 51 (mol basis) 
of radicals not conforming to the t h e  above cited 
description, e.g, not having extended bonds or non-rigid. It 
is to be understood that these non-conEorminq radicals diEEer 
in their effect o n  the properties oE the spun fibers. Thus, 
rigid radicals such as m-phenylene, whose chain extending 
bonds are neither coaxial nor parallel and oppositely 
directed, and hiqhly ELexible radicals such as hexamethylene 
and dccamethylene will ordinarily be used in small 
proportions, whereas radicals s u c h  a s  4,4'-bibenzylene may be 
used in larger amounts, even exceeding 5% while still 
obtaining substantial benefit from practice of t h e  
invention, While it is not preferred, a small proportion of 
the amide units in the linear condensation polymer chain may 
be replaced, i f  desired, by other stable non-anide-Eorainq 
units, e.g., ester-forming units or urea or 
sulfonamide-forming units. In general, such products a r e  
more difficult t o  prepare and ate more restricted in their 
utility. 

T h e  polymer t o  be spun may be a homopolymer, random 
copolymer, ordered copolymer or blend o f  homopolymers and/or 
copolymers of t h e  above description, as may contain additives 
such a s  dyes, delusterant, antioxidants, etc. 
Amonq the suitable polyamides m a y  be named: 
poly (p-phenylene terephthalamide) (heroa fter PPD-T) : 
poly (p-phenylene p,p'-biphenydicarboxamide) ; 
poly (p-phe ny lsne 1 , 5-na pth thalened i c a r boxan itfe 1 : 
poly(trans, tran~-4,4'-dodecahydrobiphenylene 
terephthalanide) : 
POLY (trans, 1,4-cinnanamide) ; 
poly(p-phenylene 4,8-quinolinedicarboxa~ide): 
Poly (l,4 - 1 2 . 2 . 2 )  - bicyclo-octylene terephthalamide) 
copoly(p-phenylene 4,4'-atoxybenrenedicarboxamide/ 
terephtha lamide) ; 
poly(p-phycnylene 4,4'-tran~-stLlbenedicarboxamide) and 
poly(p-phenylene acetylenedicarboxamide).  [Emphasis added1 

- 

40. In t h e  756 patent speciEication under the heading "Description 

of the PreEerred E m b d i m e n t "  and the subheading "Preparation o f  polyamides "it 

is stated: 
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The polymers lor use in this process are conveniently made by 
reacting suitable meonmers in the presence of an amide type solvent by 
low temperature techniques as tauqht in U.S. Pat. 3,063,966 to Kwolek 
et al. In order to obtain high molecular weight polymers the monomers 
and solvent should contain a minimum of inpurities and the water 
content of the total reaction mixture should be less than 0.03% by 
weight. 

Poly (p-phenylene terephthalamide) is conveniently made by dissolving 
1728 parts of p-phenylenediamine in a mixture of 15,200 parts of 
hexa!nethylphosphoramide and 30,400 parts of N-methylpyrolidone, cooling 
to 15OC, in a polymer kettle blanketed with nitrogen and then adding 
3243 parts of powdered terephthaloyl chloride with rapid stirrinq. The 
solution gels and turns into a dry crumb-like 
material in 3 to 4 minutes. The stirring is continued for 
1.5 hours when possible with cooling to keep the product 
temperature at about 25°C. The polymerization is essentially 
quantitative and the final reaction mixture contains 7 . 5 %  
polymer of about 5 . 5  inherent viscosity (hereinafter 1 . v . ) .  
The I . V .  oE the polymer from this system can be controlled by 
the ratio of monomer to solvent. Reduction of the amount of 
monomer from 9.83% above to 8.64\  qives a reaction mixture 
containing 6.5b polymer OC 6.0 I . V .  The use of about 11,7% 
of monomers gives a reaction mixture of 9.08 polymer of 2.5 
I .v. 

'rho crumb-like acidic product is viqorously stirred or 
ground with water in a waring Blendor or a colloid mill and 
the resulting polymer slurry Eiltered. The wet polymer is 
further washed by reslurrying with soft water to remove 
solvent and HCI and collected on a filter. This slurrying 
and filtering is repeated about four times in sequence 
followed by a €inal wash with distilled water. To aid in 
neutralization, one o f  the soft water washes may also contain 
sodium carbonate or hydroxide. The polymer is then dried at 

Polymerizations can also be carried out by the continuous 
120-140° C. 

mixing of the monomers. 

4 1 ,  The '756 patent speciEication discloses that the spinning 

solvents consist essentially of sulfuric acid of at least 98% concentration, 

chlorosulfuric acid, flJorosulfuric ac i d ,  and nixtures of these acids, and 



that the sulfuric acid may be of qreater than 100% concentration, i.e, fuminq 

sulfuric acid. Sulfuric acid at a concentration o f  about 9 9 . 8 t  is said to be 

preferred, 

sulfur trioxide is said to degrade the polymer causing a reduction in the 

Although higher concentrations may be used, the presence of excess 

inherent viscosity and this it is stated could cause loss of filament 

tenacity. The dcqradation is said to be tine and temperature dependent so 

that i f  fuming sulfuric is used, the exposure time at elevated temperatures 

should he kept to a minimum. The de€inition of suitable solvents was not 

intended to preclude the presence oE certain additives. Thus hydrofluoric 

acid, halogenated alkylsulfonic acids, haloqenated aromatic sulfonic acids, 

halogenated acetic acids, haloqenated lower alkyl alcohols, and halogenated 

ketones or aldehydes ordinarily can be s a i d  to be present in an amount up to 

about 30% O E  the total weiqht of the solvent and additive. It is said that 

the  exact amount of additive that may be present vilL depend upon the 

particular solvent-polymer combination that is employed, The use of 

Fliorosulfuric (rather than sulfuric) acid, or lower polymer concentrations is 

said to pernit the use of a qreater amount of an additive. In general, it is 

53id that the qreater the percent oE haloqen present in the additive, the 

gr'-ater the amount of additive that can be used up to the limit of phase 

separation. It is stated that trifluorornethanesulEonic acid can ordinarily be 

present ir 3r amount equal to the weight of the above s*:lfuric acids. 

Additionally s c '  nes. c:'grinate2 phenols and n i i r c b e r . z r  can be used as  a 

FTlvent aGFiii - I e s s e r  amounts than the halogenated additives described 

abi3ve. (CX-6, R X - 7 7 ,  C o l e  5,  1s. 2 4 - 5 6 ) ,  
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42. Under the headinq "Descriptim of the Preferred Embodinents" 

and the subheajinq "Preparation of dopes" it is stated: 

The water content of the dope should be carefully 
controlled to be less t h a n  2 % .  Excessive water can interfere 
with the formation of dopes suitable for spinning and also 
lead to excessive degradation of the polymer. The relatively 
dry polymer (preferably less than 1% water) should be mixed 
with a "dry" solvent under conditions minimizing exposure to 
atmospheric moisture a n d  the dope stored under a dry 
atmosphere. 

The dopes should be mixed and held during the spinning 
process a t  as low a temperature as is practical to keep them 
liquid in order to reduce degradation o €  the polymer 
resulting in the lover I . V .  values. Exposures to 
temperatures over about 90° C. should be minimized. 

A particularly useful method is to continuously prepare 
the dope and feed directly to the spinnerets, thus minimizing 
the holding time. (Cx-6, R X - 5 7 ,  col. 5, I s .  57-73). 

43. Under the heading "Description of the Preferred Embodiments" 

and subheading "Preparation of d.opes" it i s  said that the concentration ( C )  of 

tho dope is defined herein as qrams of polyamide per 100 ml. of solvent at 25'  

C .  The term "solvent" is meant the actual sulfuric acid plus a n y  

solvent-additive present. I t  is said that a t  lest 30 grams of polymer per 100 

31. of solvent should be employed. Preferred dopes for the instant spinning 

process is said to employ between 40 and 56 grams of polyfp-phenylene 

terephthalamide) (PPD-T) havinq an I.V. of a t  least 3.0 per L O O  ml. of acid. 

This amounts to between about 18 and 23.4 weight percent of polymer in the 

acid dopes. (CX-6, R X - 5 7 ,  col, 4, 1. 43, col. 6 ,  Is. 4-13). 

44. The '756 patent specification states that: 

In the present invention it is useful to use as high dope 
concentration as possible. It has been found in general that 
the tenacity of the fibers produced increases with the 
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concentration of the dope from which they were spun. W p e s  of 
useful concentrations are solid at room temperature and melt 
to spinable liquids when the temperature is raiser]. 
Increasing temperature causes polymer degradation as shown by 
loss in I .V .  

It is desirable that the extrusion of a dope result in a 
fiber with an I . V .  of at least 2.0 preferably a t  least 3.O.A  
given fiber I.V. can be obtained by starting with a polymer o f  
a moderate I .V .  and processing to keep degradation to a 
minimum or b y  starting with a higher I . v .  and proces,sing for 
more severe degradation. For purposes of the present 
invention, the I . V .  of t h e  polymer in the as-spun fiber 
(assuming appropriate washing and drying to prevent undue 
degradation) is taken as the I.v. o f  the polymer in the dope 
as it is extruded. Thus, the I.v. o f  the dope as it is 
extruded should be at least 2.0 and should be no less than 
f2.8-.05 (C-30) 1 where ( C )  is as defined above. 

stability. It appears that the "activity" o€ t h e  Sulfuric 
acid is reduced by the presence of hiqh concentratims of the 
stiff chain polyamides. Dopes are made of PPD-T polymer of 
4.88 I.V. in sulfuric acid (100%) at concentrations of 46, 
21.3 and 3 . 7  g./lOO ml. The dopes are heated for 3 hours at 
LO O o  C. Polymer isolated from the heated solutions has an 
L.V. of 4.2, 2.8 and 1.9 respectively. Further evidence for 
reduced "acidity" of the concentrated dopes is the fact that 
PPD-T dopes of 46 g./lOO ml. are substantially non-reactive 
with alumingm metal at 70-80° C whereas dopes of 25 g./103 
711. concentration react v'iqorously. (CX-6, R X - 5 7 ,  col. 6, 1 s .  

The spin dopes of the present inventim posses unexpected 

38-72). 

45. ?he '755 patent specification disclosed that the dopes or 

polymer-solvent systen user] in the claimed process behave much l i k e  polymer 

nelts: that a typical dope o f  4 6  qrams of PPD-T of about 4 I.V. in 100 ml. of 

100% sulfuric acid nay have a bulk viscosity of about 900 posies of 1 0 5 '  C 

which increases on coolinq to about 1000 poises at 8Do C and then rapidly 

increases upon further cooling until the dope solidifies t3 an opaque solid 

below about 70° C. It is sard t h a t  the b u l k  viscosity increases with hiqher 

inherent viscosities a t  d qiven concentration and temperature. (CX-6, R X - 5 7 r  

col. 7, Is .  1-10). 

45(6). The '756 patent specification discloses that dopes 

containing about 49 grams of PPD-T per LOO ml. of sulfuric acid represent the 

highest concentration that can be handled i n  the conventional mixers, transfer 

lines and spinning equiprnent 3ue to the extremely high b u l k  ViSCOSitY o f  

mixes. It is said that when the usual  technique of lowering the viscosity by 
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raising the temperature is used, excessive eqradation of the polymer occurs 

and that the use of more effective mixes will permit the use of higher 

concentrations. The viscosities at high concentrations are said to be a 

function of the polymer - solvent system used. For example when 

poly-(chloro-p-phenylene terephthalamide) o f  4.1 I.V.  was used, a 23.11 weig3t 

percent dope can be employed. (CX-6, RX-57, col. 7, Is. 13-15). 

4 6 .  The ' 7 56  patent specification discloses that in general dopes 

can Se extruded at any temperatures from the lowest at which they 

aresufficiently fluid to be handled up to about 120° C; that since the amount 

of degradation is dependent upon the time and temperature, temperatures as low 

as practical should be used, preferably below 90° C; and that if higher 

temperatures are desired for any reason, the equipment should be designed so 

that the expsure time of the dope to the elevated temperature is kept a t  a 

minimum. (cx-6, RX-57, col. 7, -1s. 26-37). 

47. The '756 patent specification discloses that the spinning dopes 

of the invention are unusual. Thus it is said at room temperature nost are 

solid; as the temperature is raised they melt, becoming less viscous and 

translucent to  transparent. It is said that they are optically anisotropic 

i.e, microscopic reqions of a given dope being bitefringent; a bulk dope 

sample is said to depalarize plane polarized Light because the L i g h t  

transmission properties of the microscopic areas of the dope vary with 

direction. This characteristic is said to be associated with the existence Of 

at least part of the dope in the liquid crystalline or mesomorphic state. 

These dopes are said to exhibit anisotrophy while in the relaxed state. 
. .  

(CX-6, RX-57, Cole 7, 1s. 35-46). 

48. The '756 patent specification discloses: 

For a well mixed dope of given composition and 
concentration, the temperature at which melting occurs is 
fairly reproducible and reversible. This melting behavior 1s 
accompanied by an absorption of heat as indicated by 
differential thermal analysis, The melting temperature O f  
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solidified dopes can also be determined by measurinq the 
intensity of polarized light passing through a thin sample 
and a 90' crossed analyzer as the temperature is raised. 
The meltinq temperature is that temperature at which 
thetransmitted light intensity increases rapidly. In 
general, the melting temperature increases as the 
concentration increases. For example, PPD-T/SUlfUriC acid 
dopes of 32, 40 and 4 6  g./lOO ml. acid show melting 
temperatures of 40-50' C, 63-65"  C and 72-82'  C,  
respectively. A dope that is incompletely mixed and has a 
distribution of phases of different concentration will have a 
broadened melting range. 

increased, a point is reached at which the amount of 
anisotropic phase begins to decrease. This temperature 
(Ta) can be determined by a measurement of the change in 
the scattering of polarized light at small angles (e.9. lo) 
on passing through a thin layer of dope. Ta increase with 
the concentration of the polymer, e.g., for PPD-T/H2SO4 
dopes of 32,40 and 46 q./lOO ml. concentration Ta values 
are found to be about 80-100° C, 82-135' C and 110 to l 2 2 O  C, 
respectively, Even above these temperatures the dopes are 
largely anisotropic and give good results in the present 
process, but highest tenacity fibers will be obtained by the 
spinning of dopes at temperatures above the melting point and 
below Ta. (CX-6, RX-57, C O ~ .  7 1s. 47-75,  C O ~ .  8 ,  1s. 1-2). 

As the temperature of a molten, anisotropic dope is 

4 9 .  The ' 7 5 6  patent specification under the, subheading "Extrusion 

conditions" (CX-6, col, 8, 1. 4-col. 9 ?  1. 5 7 1 ,  disclose that the spin 

conditions for fibers are discussed in the subsections "Spinnerets" (col. 8, 

I s .  9 - 2 3 ) ,  "Jet velocity " (col. 8 Is .  24-33), "Spin stretch factor" (col. 8 ,  

1s. 3 4 - 4 9 ) ,  "Fluid layer" (col. 8, 1s. 50-561, "Spin tube and guides" )col. 8 1  

Is .  5 7 - 6 5 ) ,  "Coagulating bath" (col. 8 ,  1. 6 6  - col. 9m 1. 9), "Washing" (cole 

9, 1s.  1 0 - 3 3 1 ,  "Drying" (col. 9 ,  1s. 34-41) and "Heat treatment" (col. 9, 1s.  

42-57)  

50. In the ' 7 5 6  patent specification in the subsection 

"Spinnerets", it is s t a t e d  that the diameters of the holes (orifices) and the 

.. ratio of the length of the capillary/diameter of the hole (L/D) in the 

spinneret are not critical. Strong fibers have been obtained with round 

orifices ranging €tom 1.0 to 10 mils ' (0 .025 to 0. 2 5  mm.) diameter and having 

a L/D ratio of from 1.0 to 3.3. The process is also operable with non-round 
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holes o €  various shapes. The spacing of  the  holes i s  not c r i t i ca l .  (CX-6, 

51. The '756 patent specification in the subsection "Jet velocity",  

states t h a t  the j e t  velocity (the average velocity of the  dope i n  the 

spinneret capillary as calculated from t e  volume of dope pass ing  t h r o u g h  an 

or i f i ce  per u n i t  time and from the cross-sectional area of the o r i f i c e )  may 

range from 1 7  feet/minute (C.p.m.1 (5.1 meters/ m i n . )  or lower to 1 1 5 0  f.P.m* 

(350 meters/min.) or hiqher. The ninimum value for a given dope and or i f ice  

i s  determined by the a b i l i t y  of the dope to j e t  continuously and cleanly. 

smaller diameter or i f ices  w i l l  display a higher m i n i m u m  j e t  velocity t h a n  

larger orif ices.  (CX-6, RX-57 col. 8, 1s. 2 4 - 3 3 ) .  

The 

52. The '756 patent spec i f i ca tbn ,  in the subsection *Spin stretch 

factor",  states t h a t  the sp in  stretch factor (SSF) i s  "the ratio of the 

velocity of the fiber as it leaves the coagulating bath to the j e t  velocity. 

S p i n  stretch factors of as low as 1.0 or lower and as h'igh as 14 or more can 

be used. The m i n i m u m  spin stretch factor to be used w i t h  a particular 

spinning dope and or i l i ce  i s  determined by the abi l i ty  to form a Pilament of  

relatively gniform denier and the desired physical properties. The maximum 

useful spin stretch factor i s  limited by filament breakage in the process. I n  

qeneral, increasing the s p i n  stretch factor from a Low value a t  a given j e t  

velocity affords fibers w i t h  higher tenacities and moduli and lower 

elongations and denier. It i s  said that one skilled i n  spinning w i l l  readily 

adjust or i f i ce  diameter I thickne.ss of the gas l a y e r ,  j e t  v e l o c i t y  and spin 

stretch €actor for a given spinning dope and apparatus to obtain a Eiber of  

the desired denier a n d  physical pioperties." (CX-6, RX-57 col.  8 1s. 3 4 - 4 9 ) .  
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53. The ' 756  patent specification in the subsection " F l u i d  Layer", 

s tates  t h @ t  " i t  is essential  that the spinneret face be separated from the 

coagulating batch by a f l u i d  layer o f  gas or a non-coagulating l i q u i d  such as 

toluene, heptane, etc. me thickness of the f l u i d  layer can vary from 0 . 1  to 

10 cm. or more and preferably i s  f r o m  about 0 . 5  to 2 cm. t h i c k .  Use of l a r q e r  

thicknesses increases the opportunity for adjacent filaments to fuse 

together." (CX-6, R X - 5 7  col. 8 ,  1s. 50-56). 

5 4 .  The '756 patent specification i n  t h e  subsection "Spin tube and 

guides", s t a t e s  that the 'conEiquration of the spin tube 2 and the character 

o f  the guide 2 i n  FIG, 2 can a f f e c t  the elongation and modulus i n  the as-spun 

yarn. A t  the same j e t  velocity and windup speeds, a straight tube generallY 

produces higher yarn elongation and lower modulus  than a t u b e  constricted a t  

its lower end. Similari ly,  a r o l l e r  guide generally produces higher yarn 

elongation than a snubbing p i n ,  - Useful spin tube dimensions w i l l  vary w i t h  

s p i n n i n g  speeds and yarn denier,"  (CX-6, RX-57 col .  8 ,  1s. 57-65] 

55. The ' 7 56  patent specification i n  the subsection "Coagulating 

b a t h " ,  s tates  that  a "variety o f  baths may be used to coagulate the f i b e r .  

Satisfactory results  have been obtained with b o t h  aqueous and non-aqueous 

systems. Useful aqueous systems have ranged from pure water t o  systems 

containing h igh concentrations o f  sulfuric  acid ( 7 0 8 )  , ammonium hydroxide, or 

s a l t s  such a s  calcium chloride,  potassium carbonate or sodium chloride, 

Aqueous b a t h s  containing water miscible orqanic solvents s u c h  as methanol, 

and ethylene glycol are a lso  useful. 

baths include 1008 methanol and methylene chloride solutions containing 5 t o  

50% OE methanol, N,N'-dirnethyloformamide or N ,N*-dimethylacetamide. 

Examples of non-aqueous coagulation 

' Bath 
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temperatures ranging from -25OC. to 2 8 O C .  have been satisfactory. 

considered that a wide variety of coagulants can be used at temperatures from 

subzero to 50'C. or more. Preferably the temperature of the bath is kept 

below 10°C. (more preferably below 5 O C . )  in order to obtain the highest 

tenacity in the filaments." (CX-6, R X - 5 7 ,  COL. a, 1. 66- col. 9 ,  1.  9)- 

It is 

56. The '756 patent specification under the heading "Description of 

the PreLerred Embodiments" and subheading "Extrusion conditions" States: 

Washing: Due to the degrading effects of even small 
amounts of acid in the yarn, complete removal of the acid is 
very important. in obtaininq high tenacity fibers. Water 
alone or combinations of alkaline solutions and water may be 
used for its removal. 

A convenient method i s  to spray the thread 'line as it 
leaves the coagulating bath with an aqueous alkaline solution 
(e.g. saturated NaHCOj or 0 . 0 5  N NaOH), remove surface 
liquid trom the thread line with a wiping device (e.9. a 
sponge) or a jet, wash with water (ca. 7 5 O  C.) to reduce the 
acid content to about 1) -(on a dry Ciber basis) and wind up 
on bobbins. Such bobbins can be stored for short periods (UP 
to about 24 hours) in water or dilute alkaline solution 
beEore the final wash. Preferably the final wash (e.g. with 
75" C. water) should reduce the acid or base content below 
0.01% (on a dry basis). 

While smalL anounts of yarn can be washed and neutralized 
on the bobbin, i t  is preferred that the yarn be washed as 
such i n  thin Layers in flumes, on rolls with overhead sprays, 
on screens, beLts or the like, In a continuous process the 
thread line can be washed and neutralized continuously at the 
same speed as the thread line at any point between spinninq 
and wind up. 

bobbin with air at u p  to L50° C .  The fibers can conveniently 
be dried on heated rolls (e.g, 160° C.)  I f  the fibers are 
dried while under a tension of less than about 0.3 g.p.d* 
which is a preferred method, the properties are not 
signi€icantly changed, The use of tensions above 0.3 g.p.de, 
reduces the elongation and increases the modulus from that 
obtained by tension less drying. 

Drying: The thoroughly washed fibers can be dried on the 

Heat treatment: The properties OP the as-spun yarns can 
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be altered by a heat treatment, Heating a yarn under 
tension, preferably in an inert atmosphere, at temperatures 
of 150. C to 550. C. increases the yarn modules from about 15 
to 1008 and reduces the yarn elonqation by about SOB. The 
modulus increase i s  greater uith increasing tension and 
temperature. Typical tensions and times of exposure used at 
150°1 C. are 5 5 0 O C  are 0.5 t o  2 q,p.d. for 1 to 6 seconds. 
At low and intermediate temperatures, the yarn tenacity is 
not significantly changed, but it may be reduced after 
treatment at 45OoC or more. (CX-6, R X - 5 7 ,  cole 9 ,  1s. 10-53). 

5 7 .  The '756 patent specification describes test procedures for 

determining the properties of the fibers made by the ' 7 56  process includinq 

tenacity, modulus and elongation as well as the methods €or calculating 

inherent viscosity in sulfuric acid and determininq denier. (CX-6, Rx-57 c o l a  

9, 1. 58 col. 10, 1. SO) .  

58. The examples of the '756 patent specification directed to 

PPD-T, spun from highly concentrated sulfuric acid are Examples I, 11, f I I ( ? ) r  

V I ,  V I I ,  and V I I I ) ,  The '756 patent specification also contains examples of 

co-polymers (Examples IV ,  V )  a s  well as the use o f  highly concentrated 

halogen-modified sulfuric aci9 as a solvent and various additives to H SO 

solvent Examples 111 fa)-(c), (el-(n)). (Uhlmann, CX-835 p. LO: CX-6, RX-57)- 

2 4  

59. Example I ( A )  o f  the '756 patent speciEication sets forth the 

Blades' invention as he performed it for the first time on April 16, 1970 

utilizing his twin cylinder device to mix and spin while applying heat to the 

high concentration PPD-T/sulEuric acid spinning dope (&, 201 PPD-T by 

weight). (Blades, TC, p. 794, 1. 16 p. 798, 1, 17; Cx-380 pp. 41-43). In 

that Example I ( A ) ,  PPD-T of 4.4 I . v ,  is initially "mixed in a beaker with 

sulfuric acid (100.21 IIzSOq) in the ratio o€ 46 grams of polymer per L O O  
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m l .  o f  acid (205  PPD-T by weight). The crude mixture of douqh-like - 

consistency is transferred to a mixing device consisting of two open top 

cylinders (each o l  about 250 m l .  capacity) connected by a base block. Each 

cylinder has.a.hole in its base above a f i l t e r  pack 13-50 mesh screens/l-325 

mesh screen 3-50 mesh screens, mesh/inch (mesh/2.54 cm.) I in the base block 

which leads to a passage i n  t h e  b l a c k  t o  the other f i l t e r  pack and cylinder. 

The mixing device i s  f i t t e d  to  a pair of  pistons w h i c h  c losely L i t  each 

cylinder. A small hole i n  each piston i s  opened for the i n i t i a l  f i l l i n g  by 

each piston to insure the removal o f  a i r  and then closed. A water bath a t  

about 95OC i s  placed around the mixing device. After about 1 t o  2 hours the 

polymer-solvent mixture is pushed by t h  positions from one cylinder t o  the 

other for a t o t a l  of  about 15 cycles.  W i t h  a l l  o f  the mixture (nou a dope) i n  

one cylinder (and the connecting passage), the nixing device is connected 

through a hole (previously p l u g g e d )  i n  the base block Leading t o  t h e  

connecting passage by a lengthwf copper tubing i n  the shape o f  a gaose neck 

to  an e l e c t r i c a l l y  heated spinning block having a polypropylene f e l t  E i l e t  and 

a 0 . 5  i n .  diameter spinneret with 20 holes o f  2 mil (0.05 m m . )  diameter. The 

. .  

95OC. water bath is replaced around the mixing device and the copper tubing .  

The short l e n g t h  o f  this  t u b i n g  between the water bath and the s p i n n i n g  block 

( 1 0 1 O C )  i s  insulated with glass  wool. The spinning b l o c k  i s  positioned (FIG. 

1 )  so that  the face of the spinneret is inclined a t  about 45O to the surface 

of  a coagulating bath of  15OC water w i t h  the lower edge of the spinneret beinq 

about 2 cm. .above the s J r f a c e  of the water. The dope is extruded from the 

spinneret a t  a j e t  vel ) c i t y  o€ 2 4 0  fcet/minute (f.p.m.1 (73  meters/rninute,. 

m.p.m.1, through a i r  i n t o  the coagulating bath, mder a p i n  near the bottom O f  
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a bath rnd then under a second pin and out of  the betch to a windup bobbin to 

give a SSP,of 2.17. The fibers are washed. free of acid with water, and air 

dried. The filaments of 3.0 depot. hrvt a tenacity of 18 gpd. an elongation 

o€ 3.9%, an initial modulus of 520 gpd and an 1.V. of  4.1' (Cx-6, R X - S 7  col. 

1s. 10 1 ,  54- col. 11, 1. 21). 

60. Example I ( B )  of the '756 patent specifications describes the 

Blades process using apparatus similar to FXC. 2 where a spinning dope of 208 

PPD-T of 5.4 inherent viscosity in 99.71 sulfuric acid is spun into fibers 

having an as-spun tenacity of 26 qrams per denier. (CX-6, RX-57 o l e  1, 1s. 

22-51) 

61. Remaining Example 11-IK of the '756 patent specification 

described the followup work done by Du P o n t  to spin fibers from PPD-T as well 

as from other polyamides and copolymers. Thus in Example 11, various spinning 

dopes of 20% PPD-T in sulfuric acid varying in strength from 99 to 100% were 

spun into fibers. The inhetent. viscosity of the PPD-T varied from 4.8 to 6.0 
. .  

and as-spun temacities ranged from 15, 1 8 ,  21.2, 2 2 . 8 ,  24 and 24.3 qpd ( c X - 6 ~  

Rx-57 col .  11, 1. 55- col, 13, 1. 6). Example f f f  describes the spinning of 

dopes of 16-22% PPD-T having an inherent viscosity of 4.6 and 5.4 in various 

solvents including 100% sulfuric acid, halogenated sulfuric acid, mixtures 

thereof and those solvents containing various additives. The as-spun filament 

tenacities ranged from 14 to 27 gpd, (CX-6, RX-57 col. 13 1s. 10-50 and Table 

I). 

solvent of sulfuric acid of 99.7 to 100.0% strength or mixtures thereof with 

fluorosulEuric acid, Also a dope containing 56 p of polymer per 100 m1. of 

- '  slrlfuric acid is used (23.4 weight percent). 

Example IV describes the spinning of dopes of 20% polyamide in an acid 

Various polyanides are used and 

the as-spun tenacities obtained range from 15 to 24 qpd. (CX-6, RX-57 COl. 
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14, 1. l-col. 15, 1.  2 and Tables I f  and 111) .  Example v(a) describes the 

preparation of the ordered co-polymer poly~4,4'-diarninobentanilide 

terephthalamide) or " 4 , 4 '  -DABT" (Cx-6, RX-57 col. 15, 1s. 49-57) and the 

preparation and spinninq of a 201 dope oE that co-polymer in sulfuric acid of 

gg-1008 strength to produce filaments with an as-spun tenacity of 17 gpd 

(CX-6, RX-57 col. L6, 1s. 53-751* Examples Vtb)  and (c)  describe the 

preparation of random co-polymer s (p-benzamide/PPD-T 2 5 / 7 5 )  and 

(p-bentarniJe/chloro-PPD-T 75-25) , respectively ICX-6, R X - 5 7  col. 15, 1. 

58-col. 16, 1. 2 )  and the preparation and spinning of a 208 dope of those 

co-polymers in sulfuric a c i d  ol 99-1001 strength to produce filaments with 

as-spun tenacities of 32 and 23 gpd, respectively. In Example V ( c ) ,  this is 

disclosed the preparation and extrusion of-a spinning dope at a temperature at 

37OC. (CX-6, RX-57, col. 16, 1s. 53-75). Example v(d) describes the 

preparation of a homoplymer poly.(p-benzamide 1 and the preparation and 

spinning of: an 18% dope o f  that'polymet in 99-100a sulfuric acid to produce 

filaments with an as-spun tenacity of 19 gpd. 

45-75). Example V I  describes the spinning of a 20 percent PPD-T solution in 

S u L E u r i c  acid of  99.7 - 100% strength. 
PPD-T was varied in addition to variations in the spinning temperaturer 

coagulation bath temperature, polymer concentration, denier and spin stretch 

factor, The as-spun filament tenacities obtained ranged from 16 to 25 grams 

Per denier (CX-6, R X - 5 7 ,  col-. 17, I s ,  1-49, Table V ) .  Example V I 1  describes 

the spinning oE a dope of  20% PPT-T in 99+$ sulfuric acid having an inherent 

viscosity of 5.2 at different extrusion temperatures with resultant tenanities 

(Cx-, R X - 5 7 ,  col. 16 1s. 

The inherent viscosity o f  the starting 

' of fiber being from L l  a t  extrusion temperature of 115-12O0 to 19, 22 and 24 

at lower extrusion temperatures. (CX-6, R X - 5 7  col. 17, 1. 69 to col. 18, 1. 

1 5 ) .  ExampLe V I 1 1  describes the spinning of a dope of 140 PPD-T in 99-1001 
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sulfuric acid. The PPD-T I . V .  was 5.2 and the as-spun filament tenacities 

with various dope extrusion temperatures ranged from 15 to 18 qpd. (Cx-6, 

RX-57 col. 18, 1s. 17-29). Example Ix describes the spinning of a dope of a 

blend of 30 grams of 5.4 I.V. PPD-T and 5 grams of a 1.16 I .V.  

poly(m-phenylene isophthalamide) in an equal weight blend of fluroculfuric 

acid and sulfuric acid. The resulting as-spun filament tenacity was 23 gpd: 

when the PPD-T was eliminated from the polymer blend, the resulting as-spun 

filament tenacity was only 1.8 gpd. (cx-6, R X - 5 7 ,  col. 18, 1s. 31-49). 

(61(a). The prefeted polymeric polyamide of the ' 7 5 6  patent 

specification, - vit., poly(p-phenylene terephtalamide has a para-positioned 

aromatic ring. Nearly all synthetic polymers (including nylon polyamide) have 

fLexible claims. However, the introduction of aromatic rings in the polymer 

backhne serves to decrease the flexibility of the claims. When these rings 

are introduced in the meta or ortho position, the claims are still 

substantially flexible. However, when the aromatic rings are introduced in 

the polymer backbone in the para position, the result is a marked decrease in 

chain flexibility. When the polymer consists entirely of para-positioned 

aromatic rings, as in poly (p-phenylenetcrephthalamide) the chains can be 

regarded as almost ideally rigid. I f  the backbone contains other moieties 

besides aromatic ring structures, such as the amide linkages in the preEetred 

poly (p-phenyleneterephthalamide) (PPD-T) set for th i the ' 7 5 6  patent 

specification, the chains while much more r i g i d  than their meta-positioned 

analogues, rtain some modest degree of flexibility. In appropriate solventsr 

they act as considerablyriqid molecules. (whlmann, CX-835,  pp. 6-71, 

6 1  (b) . Besides affecting chain stiffness, the change from 

meta-positioned to para-positioned aromatic rings has a profound effect on 
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solubility; that for example, while the metJ-positioned poly(m-phenylene 

isophthalamide) is highly soluble in dimethylacetamide CaC12, and i s  spun 

commercially from such solutions containing about 181 polymer, the 

para-positioned PPD-T of comparable molecular weight is effectively insoluble 

inthis solvent; that the change from meta-positioned to para-positioned 

aromatic polyamides, and its accompanying effect on chain stifeness, has 

another dramatic effect on solution behavior : that the meta-positioned 

polymers from isotropic solutions at all concentrations of polymer; that in 

contrast, with the para-positioned PPD-T, anisotropic solutions can be formed 

above a critical concentration; that an isotropic solutions contain liquid 

crystalline domains, while isotropic solutions do not: that within each liquid 

crystalline domain, the molecules are aligned in a given direction, but the 

direction of alignment is different in different domains: and that such 

anisotropic solutions exhibit pronunces optical birefringence. (Uhlmann, 

CX-835, po 8 ) .  

62. Dr. Robert B. Davis, a technical expert of respondents, took 

the mathematical formula set forth in claims 1 and 10 of the '756 patent which 

reads, with respect to the inherent viscosity of the polymer in the spinning 

dope, as follows: "at least 2.0 but no Less than 1 2 . 8 - 0 . 5  (3011" and 

substituted various values for " C "  (concentration of polymer in grams/100 m l  

of solvent) to show the relatively slight difference a change in polymer 

concentration ("C") nakes an inherent viscosity, He arrived a t  

q polymer/ 
'756 Patent 100 ml. 98% H p O 4  polymer wet. % 

claims 1.10 30 14% 

EX. IV (COL. 7 ,  1. 25) 56 2 38 

. .  --- 
claims 3, L2 40 . m e  

the following : 

min. inherent 
v iscos i ty 

2.8% 
2.30 
2.0% 

(Davis R X - 2 ,  p. 9 and Annex B; CX-6 R X - 5 7 1 ,  
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V. PPOSEC'JTICN OF THE ' 7 5 6  PATENT 

Ser. NO. 138,210 

63.  On April 2 8 ,  1971, inventor Blades f i led application S e t .  No. 

138,210 containing ten m e t h o d  claims and one claim t o  a spinning dope ( R X - 1 6 1 ,  

pp. 3 7 - 3 9 ) .  

64. On March 2 9 ,  1972, the Patent Office required restr ic t ion 

between the ten method claims and one composition of  matter claims. Election 

OF the method claims was made by telephone. The Examiner rejected a l l  the 

method claims under 35 U.S.C 103 over U.S. Patent No. 3,414, 645 Monsanto'S 

(Morgan ' 6 4 5  patent) extensively rel ied on by Akto i n  th is  proceeding taken 

with U.S. Patent Nos. 3,558# 763 (Quynm e t  a l .  ' 7 6 3  patent) OK 3r574,Bll  

(Jamison '811 p a t e n t ) .  The Morgan ' 6 4 5  patent was brought to t h e  attention of 

the  Examiner by Du P a n t  on page 2 of Set. No. 138,210 wherein Du Wnt 

disclosed t o  the Examiner that Motqdn teaches a d r y  ject-wet s p i n n i n g  process. 

I t  was said t h a t  the Morgan '645 patent (5 in F I G .  lr c o l .  3 ,  1. 1 3 #  col. 4 1  

I s .  1 - 4 )  discloses d r y - j e t  wet spinning of applicant's polymer solution i n  

concentrated sulfuric  acid or TPA or nixtures thereof;  t h a t  each of  the Quynn 

e t  a1 '763 patent (col. 5 ,  1s. 2 4 - 2 9 ,  col. 3 ,  1 s .  55-60) and the Jamison '811 

patent (col.  6 ,  1s. 6-12, col.  5 ,  1 s .  63-74) discloses similar solutions a n d  
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wet spinning steps. Claims 1-10 were also rejected under 35 U.S .  103 over the 

Ftocgan ‘645 patent taken with commonly assigned application Ser. NO, 827,345 

or Ser. No. 60,550. It was said that each oL the applications disclosed 

applicant’s spinning compositions. Since the ‘645 patent and the commonly 

assigned application applicants are directed to the same polyamides, the 

Examiner considered it obvious to employ such compositions in a dry-jet wet 

spinning process as taught by the Morgan ‘645 patent. The Examiner also 

stated that the claims should be patentably distinct among Ser. Nos. 827,345; 

60,550; 172,515; and 138,210. U.S. Patent No. 2,425,782, No. 2,4631676, No- 

3,412,191 and No, 3,636,187 were cited to show similar air-gap spinning 

processes and U.S, Patent No, 3,600, 350 (col. 15, ls, 34-42) to show sirnilat 

polymer and similar jet spinning process. (RX-161 pp. 46-47). 

65. On July 28, 1972, applicant filed an express abandonment O f  

Ser. No. 38,210 in favor of a continuation-in-part application Ser. No. 

172,515 Eiled August 17, 1971. (RX-161, p e  52). 

Set. No. 1 7 2 , 5 1 5  

66. On August 1 6 ,  1971, inventor Dlades Eiled application Set, No, 

172,515 containing thirteen method claims and one composition of  matter 

claim. IRX-162, pp. 1-44). 

67. In a Patent OEEice action dated April 12, 1972, restriction was 

required betreen the thirteen method claims and one composition of matter 

claim. Applicant elected, by telephone, the method claims, The Examiner in 

the same office action repeated the rejection made in his office act ion  of 
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Yarch 29, 1972 in Set. No. 138,210. (RX-l6Z8 pp. 50-52). 

68. In a preliminary amendment, reference was made to a telephone 

conversation between the Examiner and the attorney in which the Examiner 

suggested that it would be helpful to obtain a listing of patents other than 

those cited in the specification, that could provide further background for 

the consideration of the present invention. Accordinqly, there was submitted 

by Du Pont the following Listing with copies, of d series of patents in the 

general areas of concern: 

Kwol e k 
ucc i 
HufEman et al. 
Preston et al. 
Cipr iani 
Pres ton 
Preston et al. 
Epstein et al. 
Smith et al, 
Morgan , 

. Daniels e t  al, 

69. In an amendment filed July lo8 1972, reconsideration of the 

rejection of claims 1-13 as unpatentable over Morqan in view of Jamison and 

Quynn et al. under 35 U . S . C .  103 was traversed. I t  was said that the 

techniques employed by Jamison and Quynn et al. are wet spinning techniques 

whereas the claimed invention requires extruding a spinning dope from an 

orifice through a layer of inert noncoaqulating Eluid into a coagulating bath; 

that this distinction in technique is quite significant; that in general the 

. extrusion of the spinning dope described in applicant's claims by known wet 

spinninq techniques does not yield Eibers or E i l m  having the high level of 
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tensile properties achieved in accordance with the applicant's invention. The 

Examiner's attention was called to Example vIe and the supplemental Example on 

page 36, line 27 of the application (col. 17, line 30 of the ' 7 5 6  patent 

specification). 

through spinning a 17 weight \ dope oE poly (p-phenylene terephthalamide) 

(PPD-T) in sulfuric acid by way of the technique called for by the applicant's 

claims (Table VI Item e) and that obtained by placing the face of the 

spinneret under the surface ot the water, 

tenacity of the fiber obtained by the latter procedure was only 3.7 grams per 

denier compared with .16 grams per denier resulting from the process of the 

applicant's invention: and that it was clear that the combination of Morgan 

with the wet spinning processes o f  Jamison and Quynn et al. is improper and 

that the rejection should be withdrawn. (Rx-162, pp. 62-63). 

The said example was said to compare the result obtained 

.It was pointed out that the 

70. It was argued in'the amendment filed July 10, 1972 that, as the 

Examiner hqs "apparently recognized", the spinning dopes called €or in the  

claims are not found in Morgan or  in either of the secondary reference: that 

not a single spinninq dope is shown in these references which would Ea11 

within the scope ot the applicant's claims. While it was admitted that the 

Morgan '645 patent describes a process €or spinning wholly aromatic polyamide 

[ibers, it was argued that there was only one polyamide disclosed by Ftorqan 

that is encompassed by the Eormula of the applicant's claims, namely, 

poly-4,4'-diaminobenzanilide terephtalamide (8-PPD-T) (column 2, line 4 4 )  

(4,4'-DABT) and that no example shows that polymer being spun or even in a 

spinning solution and t3at this lack of disclosure is significant. It iJaS 

argued that all OC t h e  other polymers disclosed in Morgan contain radicals 

with nonextended bonds, e.q., meta-oriented segments; that while the Latter 
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polymers are shown to dissolve in dimethylacetamide-lithium chloride, the 

polymer, O-PPD-T, 1s insoluble in such solvent Oven at concentration Levels 

lower than those indicated in the examples of the patent. In this regard, the 

Examiner's attention was directed to a Rule 132 affidavit by Dr. Alex John 

DeDominicis which showed that D-PPD-T of inherent viscosity of 1.21 did not 

dissolve at about 9.39 polymer concentration in 24 hours in dimethylacetamide 

containing 6.5% lithium chloride. Accordingly it was submitted that Morgan's 

disclosure of B-PPD-T (4,4'-DABT) in a listing falls far short O E  suggesting 

the claimed invention to one skilled in the art. (RX-162, p. 63-64]. 

Respondents have relied heavily on the disclosure of 4,4'-DABT in the Morgan 

' 6 4 5  patent. 

71. In  the amendment filed July 1 0 ,  1972, it was further argued 

t h a t  the Morgan '645 patent discloses a number of solvents which may be used 

i n  combination with the polymers: that while concentrated'sulfuric acid is 

mentioned at column 4, line 4,'there is no example of its combination with any 

polyamide: that so fat as applicant was aware, the extrusion of a spinning 

dope of concentrated sulluric acid and a polyamide containing radicals with 

nonextended bonds by the techniques of the claimed invention did not result i n  

a marked improvement in tensile properties over that achieved by known wet 

spinning techniques: that in Example I of King U.S. 3,079,219 (CX 852-81, a 

fiber of poly(m-phenylene isophtalamide) (MPD-I) wet spun as an 18% solution 

in dimethylacetamide-calcium chloride (polymer inherent viscosity, 1.V. 1.9) 

had a tenacity of 6.8 grams per denier after drawinq: that attempts to spin 

(MPD-I) of similar X.V. 2.18 by techniques of applicant's claim resulted i n  

Eiberws having a tenacity of only 1.4 qrams per denier after drawing as shown 

by an accompanyinq affidavit by Dr. William Reginald Hatchard. 

but not identical, runs were said to qive tenacities no higher than 2.0 gpd. 

Other similar, 
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It as argued that the results obtained attest to the unexpected nature of-the 

claimed invention. (RX-162, p. 64). 

72. Applicant argued in the amendment filed July 10, 1972 that 

Morgan in column 4, lines 24-31 described a broad polymer concentration range 

that may be employed in the spinning process; that Morgan did not suggest to 

one skilled in the art how to arrive at the spinning dopes called for by 

applicant's claims; that the accompanyinq affidavits of De Dominicis and 

Hatchard made it clear that this is not a case of selecting polymer, solvent 

. I  

and proportions from among a group of equivalents; that in the absence of any 

suggestion and in view of the unexpected results, Examiner's the rejection was 

untenable and should be withdrawn. (RX-162, p. 6 5 ) .  

73. In the amendment filed July 10, 1972, reconsideration of the 

rejection of claims 1-13 as unpatentable over Morgan in view of Serial Nos. 

827,345 and 60,550 o f  the common assignee was requested. It was pointed out 

that Serial No. 60,550 is now abandoned. It was said that the Examiner had 

taken the position that it would be obvious to employ the compositions of 

. .  

Serial No. 827,345 in the spinning process as taught by Morgan: that the 

spinninq technique employed by Florgan is neither disclosed nor suggested in 

Serial No. 827,345; that the Examiner has presented no reason why i t  would be 

obvious to use any of the compositions o f  Serial No. 827,345 in the spinninq 

process of  Morgan. Accordingly it was argued that the combination proposed by 

tho Examiner is unwarranted. (RX-162, p. 65 ) .  

74. In the anendnent filed July 10, 1972, it was argued that Ser. 

No. 827,345 resulted in t h c  K w l e k  '542 patent which respondents rely heavjly 

on in this investigation. (RX-164) another reason why the combination of 

Morgan and the applications was  believbd improper was that there were a large 

number of spinning dopes disclosed in Serial No. 827,345; that insofar as 

applicant was aware, it was only the concentrated sulfuric acid type dopes 
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called for by the claims that gave the results obtained with the claimed 

invention: that amide dopes do not and neither do tho less concentrated dopes 

of concentrated sulfuric acid. An accompanying affidavit of Dr. John Joseph 

McEride was said to show that an amide dope of PPD-T spun through an air gap 

into a coagulating fluid can yield fibers having an as-spun tenacity of 7.4 

grams per denier. It was said in contradistinction thereto, a concentrated 

sulfuric acid dope of PPD-T spun through an air layer into a coagulant 

(Example VIIa but at a different polymer concentration and I.v.) yielded fiber 

having a tenacity oE 24 grams per denier: that in Example VI11 a PPD-T 

sulfuric acid dope spun by the same general procedure but diflering from the 

previous dope with respect to polymer concentration, gave a fiber having a 

tonacity of 17 qpd. 

significance of dope solvent and high polymer concentration in achieving the 

high tenacities and that this was entirely unsuqgested by either Morgan or 

Serial No..827,345 or a n y  combination thereof. (RX-162,  p. 66).  

It was said that these results pointed out the 

75. with respect to the Examiner’s recommendation that a clear line 

of distinction be maintained among Serial Nos, 827,345 60,550, 172,515 and 

138,210 in the amendment filed July 10, 1972 it was pointed out that Serial 

No. 172,515 i s  the present application before the Examiner which is a 

continuation-in-part application of Serial No. 138,210: that Serial NO. 60,550 

has been abandoned; and that it was believed that the claimed invention is 

patentably distinct Erom Serial No. 827,345. ( R X - 1 6 2 ,  p. 66). 

76. In the amendment ‘filed July LO, 1972 the rejection of claims 

1-13 under 35 U.S.C. 112 was traversed. It was said that applicant did not 
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consider the claimed process to be a wet spinning process as conventionally 

understood; t h a t  the language of the claims is definite in reciting that tho 

spinning dope issued from the spinneret orifices initially contacts an inert 

noncoagulating fluid and subsequently enters a coagulating bath: that this 

sequence has significant impact on properties of the resulting product: that 

the claims also define the polymer, the solvent and proportions of the 

spinning dope. (RX-162, P *  67) .  

77. In  the McBride Rule 132 affidivit accompanying the amendment 

filed July 10, 1972, it was stated in part: 

A spinning dope at m o m  temperature containing 5.9t by 
weight of poly(p-phenylene terephthalamide) (inherent 
viscosity 3.8) in a mixture of 1 pact by weight of hexamethyl 
phosphoramide, 2 parts by weight of dimethylacetamide and 1.2 
Licl was extruded through a spinneret with one 8-mil diameter 
holes through a 0 . 5  to 1.0 inch air gap into 79OC. water and 
fibers wound up at 1665 feet/minute using a jet yelocity of  
580 feet/minute. After neutralizing, washing and drying the 
filaments had the following properties: tenacity 7.4 gpd, 
elongation 3.5%, modulus’ 376 qpd and 7.2 denier per 
filament . (Rx-162 ,  pp. 56-57). 

78. In the Hatchard Rule 132 affidavit accompanying the amendment 

filed July  10, 1972, it was stated in p a r t :  

A spinning dope was made of 15.80 by weight of 
poly(m-phenylene isophthalamide) of inherent viscosity 2.18 
and 8 4 . 2 8  by weight of a 50/50 (by weight) mixture of 100.1% 
sulfuric acid and fluorosulfuric acid. The dope at 60°C. 
was extruded from a spinneret having five holes o f  3 mil 
diameter through a I cm. air gap into a vertical spinning 
tube containing L ° C ,  water as a coagulant. The fibers were 
wound up a t  30 feet/minute with a ject velocity of 40 
feet/minute. After neutralization, washing and drying the 
as-spun fibers had the follovinq properties: tenacity 0.46 
qpd, elongation 70% modulus 25 qpd and denier per filament 
22. Upon hand drawinq the tenacity was increased to 1.4  
9pd. (RX-162, pp. 58-59). 
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79. In the DeDominicio Rule 132 affidavit accompanying the 

amendment filed July LO, 1972, it was stated in part: 

4,4'diaminobenzanilde (9.09 q . ,  0.04 mole) was dissolved 
in 160 ml, of hexamethylphoshoramide and the solution cooled 
for 15 minutes. An ice bath was placed around the solution 
and 8.12 9.  (0.04 mole) of terephthaloyl chloride was added . 
to the stirred solution followed by 10 ml. of 
hexomethylphosphoramide as a rinse. 
an opaque gel in 2.5 to 3 minutes. Stirring was continued 
overnight. After standing 2 days the gel was ground in a 
blendor with two 400 ml. portions of water, one 400 nl. 
portion of alcohol and two 400 ml. portions o f  acetone, The 
sample was dried in an oven to yield 15.1 g. O f  
poly(4,4'-diaminobenzanilide terephtalamide) having an 
inherent viscosity of 1.21. A 0.5 gram portion of the 
polymer did not dissolve in 5 ml. of dimethylacetamide 
containing 6 . 5 %  tic1 in 24 hours (about 9.3% polymer). 

The solution changed to 

(RX-162, pp. 60-61) 

80. In an Office action dated November 7, 1972, the Examiner stated 

that claims 1-13 are still rejected under 35 U.S.C. 103 over Kwolek U S .  

Patent No. 3,671,542, which had issued from application Set. No. 827,345 taken 

together w'ith cither Norgan U.S.  Patent No. 3,642,06 or the Morgan '645 

2atent. It was s a i d  that the Kwolek patent (claims) teaches applicant's 

claimed spin dope composition (1 .V  of gr'eater than 2 for PPD-T and similar 

polymer concentration in 98% plus concentrated fuming sulfuric acid (col. 7, 

lines 6-30; col. 9, lines 47-52: col. 6, lines 12-30 and examples; that 

Kwolek's "as-spun" €ibers by "wet spinning" or dry spinning method can have 

as high modulus and tenacity as those of applicant's products as well as those 

disclosed in the submitted Rule 132 affidavit. Each of the Morgan references 

were said to show that tfie art recognizes the advantage of the air-gap wet 
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spinning technique to promote "spin stretch" effect for wholly aromatic 

polyamide Cibers including applicant's polyamides. It was pointed out that 

Korgan ('645; COl 3, lines 73-75 and col. 4, lines 1 4) and Morgan ('706; COl. 

2, lines 15-50 and 67-69 col. 4, lines 45-51; col. 5, lines 20 and 50-59; col. 

8, lines 60 and 74) disclose concentrated sulfuric acids as a solvent as well 

as hiqh tensile properties obtained thereof. In view of the Kwolek patent, 

the Examiner stated that neither the instant spin dope nor the high tensile 

property of applicant's as-spun product is patentably distinct; that in view 

of the secondary Morgan patents the air-gap wet spinning for such polyamide is 

not patentably distinct over the prior art. (RX-162, pp. 69-70). 

81. The Examiner in the Office action dated November 7, 1972 

further rejected claims 1-13 as unpatentable over the Kwolek '542 patent with 

the Morgan '706 patent or Morgan '706 patent in view o'f either Kwolek 

Pat. No. 3,600,350; col. 8 ,  lines 1 9 and 29 62) or Daniels et a1 (U.S. Pat. 

NO. 3,600,209; col. 7 ,  Lines 28-40 and 60 72; col. 8 ,  lines 35-65;) under 35 

USC 103. It was said that the Kwolek '350 patent and Daniels '209 patent 

further teach tho advantages of spin stretching, dry-jet wet spinning and 

inherent high tensile properties of para position aromatic polyamides. 

92. In the Office action dated November 7, 1972, applicant and his 

assignee were urged to maintain a clear line of patentable distinction amount 

their copending applications (especially those by inventor Blades and Kwolek 

and those dltected to optically anisotropic aromatic polyamide dopes). 

( R X - 1 6 2 ,  pp. 70). 
. .  

83. In February 1973, applicant abandoned application Ser. No. 172, 

515 because the invention was now being claimed in continuation-in-part 

151 



applications Serial No. 239,377 filed March 29, 1972 and Serial No. 268,052 

riled June 30, 1972. (RX-162, p. 72). 

Ser, No. 239,377 

84. On varch 29, 1972, inventor Blades filed application Ser. No. 

239,377 containing thirteen method claims and one claim to a spinning dope. 

( R X - 1 6 5 ,  pp. 41-44) 

85. In an Office action dated in November 1972, the method claims 

were rejected under 35 USC 103 over the Morgan '645 patent taken with the 

Morgan '706 patent or Kwolek '542 patent for reasons stated i n  the Office 

action o f  November 7, 1972 in Set. No. 172,515. (RX-165, p. 62). 

86. In the Office action dated i n  November 1972, method claims 1-13 

were rejected on commonly assiqned Ser, Nos. 172,515 and 268,052 on the ground 

that applicant's claims should 'be patentably distinct. ( R X - 1 6 5 ,  p. 62) . 
87. The Examiner in the OEEice action dated in November 1972, 

rejected the method claims under 35 USC 112 on the ground that the process 

steps should define s p i n  draw factor; that the process should be distinct from 

dry spin plus wash, semi-melt spin, pleximentary spin, flash spin, interfacial 

spin, etc, (RX-165, p a  62). 

98. Applicant in February 1973 abandoned Ser. No. 239, 377 because 

the invention was now being claimed in application Ser. No. 268, 052 filed 

June 30, 1372. ( R X - 6 5 ,  p. 631. 
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Ser .  No. 2 6 9 , 0 5 2  

89 .  On June 3 0 ,  1 9 7 2 ,  i n v e n t o r  B lades  f i l e d  a p p l i c a t i o n  Ser. No. 

2 6 8 , 0 5 2  c o n t a i n i n g  thirteen method c l a i m s  and one c l a i m  to  a sp inning  dope. 

90. I n  an amendment f i l e d  on October  1 9 ,  1 9 7 2 ,  a p p l i c a n t  made of  

r e c o r d  the fo l lowing  r e f e r e n c e  and commonly ass igned a p p l i c a t i o n .  S e t .  No. 

8 2 7 , 3 4 5  nd 6 0 , 5 5 0  

Moncr ieE e t  a l .  
Bludworth e t  a l .  
Bludworth e t  a l .  
L iese be r g 
F i n l a y s o n  e t  a l .  
Kwolek 
Ucc i 
B a l l a r d  e t  el. 
Denyes 
Pa rczews k i 
tluffman e t  a l .  
Preston.ct.  a l .  
Rosentha l  e t  a l .  
Cipr i a n i  
Preston 

0.S. 2 , 3 1 8 , 7 0 4  
U.S. 2 , 4 2 5 , 7 8 2  
U.S. 2 , 4 6 3 , 6 7 6  
U.S. 2 , 9 5 7 , 7 4 8  
U.S. 2 , 9 8 8 , 4 1 8  
U.S. 3 , 0 6 3 , 9 6 6  
U.S. 3 , 0 8 0 , 2 1 0  
U.S. 3 , 1 2 1 , 7 6 6  
U.S. 3 , 1 5 4 , 6 1 0  
U.S. 3 ; 1 5 4 , 6 1 2  

U.S. 3 , 2 2 5 , 0 1 1  
U.S. 3 , , 2 0 3 , 9 3 3  

U.S. 3 , 2 2 7 , 7 9 3  
U.S. 3 , 2 2 7 1 7 9 3  
U.S. 3 , 2 3 2 1 9 1 0  

Preston et  al. U.S. 3 , 2 4 0 , 7 6 0  
E p s t e i n  e t  a l .  U.S. 3 , 2 6 9 , 9 7 0  

Smith e t  a l .  U.S. 3 , 3 5 4 , 1 2 5  
K i t a j i m a  e t  a l .  U.S. 3 , 4 1 2 , 1 9 1  

Carter e t  a l .  U.S. 3 , 4 1 5 , 9 2 2  
Quynn e t  a l .  U.S. 3 , 5 5 8 , 7 6 3  

D a n i e l s  e t  a l ,  U.S. 3 , 6 0 0 , 2 6 9  
Kowlek U.S. 3 , 6 0 0 , 3 5 0  
Ohfuka e t  a l ,  U.S. 3 , 3 6 0 , 1 6 7  

Kwolek 
B r i t i s h  1 , 0 9 1 , 9 4 7  
French 9 0 2 , 8 2 6  

~r eston U.S. 3 , 4 8 4 1 4 0 7  

Morgan U.S. 3 , 4 1 4 , 6 4 5  

Jamison U.S. 3 , 5 7 4 , 8 1 1  

Morgan U.S. 3 , 6 4 2 , 7 0 6  
U.S. 3 , 6 7 1 , 5 4 2  

Reference  was made to  an i n t e r v i e w  on September 2 0 ,  1 9 7 2  when these references 

were d i s c u s s e d  and t h e  r e l a t i o n s h i p  between S e r .  No. 2 6 8 , 0 5 2  and p a r e n t  

a p p l i c a t i o n  S e r .  No. 1 7 2 , 5 1 5  was noted. I t  was s a i d  t h a t  t h e  Examiner 

sugqes ted  t h a t  the f o r e g o i n g  references and t h e  s u b s t a n c e  o l  the response  i n  

S e r .  No. 1 7 2 , 5 1 5  made on J u l y  LO, 1972  be  made o f  r e c o r d  i n  S e r ,  No. 268 ,052 .  

This was done ( R X - 1 6 3 ,  pp. 59-63) e 

91.  I n  the mendnent  'Ef led October  19. 1 9 7 2 ,  it was s a id  t h a t  among 
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the newly cited references is a patent to Morgan U.S. 3,642,706; that thls 

patent relates to the incorporation of a wax into a spinninq solution to 

increase productivity; that the disclosure therein is believed to be no more 

pertinent opposite the applicant's invention than the disclosure of Plorgan 

U.S. 3,414,645; that thus, Morgan U.S. 3,642,706 shows no polymer encompassed 

by the applicant's claimed being spun or even in a spinninq solution; that 

thus, the patent does not lead the a r t  to such important facets of the 

applicant's invention as solvent and concentration requirements, or the need 

to use polymers having the rigid radicals with extended bonds in a spinning 

process involving extrusion through an inert noncoagulating fluid and into a 

coagulating bath in order to achieve the results of the applicant's 

invention. 

different spinninq system is not deemed to be a fair teachinq of the 

applicant's invention. (RX-163, pp. 63-64). 

I t  was said that the effect oC.wax on improving productivity of a 

92. The Examiner in an Office action dated January 2, 1973 rejected 

the method claims, under 35 USC 103 over Kwolek '542 patent taken with the 

Florgan '645 patent or the Morgan '706 patent. It was stated that the '542 

patent (col. 1 ,  lines 34-40; col, 7, lines 6-30; examples 1, 2, 23-47, 76 and 

8 0 )  discloses applicant's spin dope for wet or dry spinning filaments. Many 

of as-spun filaments were said to have a tenacity of greater that LO gpd 

without heat treatment: that the tencity doubles with heat treatment. The 

affidavits of DeDominicis McBride a n d  Itatchard were said not to be persuasive 

i n  that Kowlek's example 76 and 80 disclose high tenacity fibers by 

conventionally wet spinning an organic solvent solutions oE similar 

polyamides. I t  was said that Morgan '645 patent (col 2, lines 1-6; col.. 4, 

line 4) and the Plotgan '706 patent (col. 2, lines 14-50 and 66-72: col. 8 ,  



Lines 60 and 73) discloses air-qap wet spinning of  various aromatic poiyamides 

(para. position and con. sulfuric  a c i d ) ;  that Example 7 of the '706 patent to  

discloses tensi le  properties of 8.5  and 19.3 qpd with a para position aromatic 

polyamide derivatives. I n  view of Kwolek ' 5 4 2  patent, the Examiner said i t  

would be obvious t o  one ski l led in the a r t  to  employ a conc. sulfuric  acid 

solution of PPD-T in an air-gap wet s p i n n i n g  process as taught by e i ther  of 

the two Morgan patents especially in view of the f a c t  that the KwOlek ' 5 4 2  

patent teaches such dope can be wet or d r y  spun. 

af f idavits  lacked data on dry spinning. (RX-163, p. 6 6 ) .  

I t  was said the submitted 

9 3 .  I n  the.Office action o f  January 2 ,  1973, applicant was 

cautioned to  maintain a clear l ine of  dist inction from Ser. No. 72,515 a n d  

2 3 9 , 3 7 7 .  (RX-163, p. 6 6 ) .  

9 4 .  The Examiner i n  his o f f i c e  action of January 2 ,  1973 re jected 

the method claims over 35 USC 112 because the claimed process should define 

s p i n  draw factor and because process steps should be d i s t i n c t  Erom dry 

spinning, interfac ia l  s p i n n i n g ,  plexirnentary spinning semi-melt spinning e t c .  

. .  

( R X - 1 6 3 ,  p o  66). 

95. Reference was made i n  the Office action of  January 2 ,  1973 that 

applicant,  because of a r e s t r i c t i o n  requirement, had elected the process 

claims. (Rx-163, p. 6 6 ) .  

96.  In a response f i led February 1 5 ,  1973, applicant argued t h a t  

t h e  patent t o  Kwolek discloses d variety of isotropic and anisotropic spin 

dopes of polyamides in any of d variety of l i q u i d  media: that among the media 

disclosed in Kwolek are amides and ureas containing specified inorganic s a l t s ,  

concentrated sulfuric  a c i d ,  hydrofluoric acid and certain sulfonic acids: t h a t  . 

the Exanriner's statement that Examples 1 ,  2 ,  2 3 - 4 7 ,  76 and 80 o f  Kwolek 
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disclose the spin dopes that are used in the instant process is incorrect: 

that of  the 29 examples to which the Examiner refers, only one spin dope meets 

the requirements of the present Claims, namely, Example 23, Part B: that some 

of the examples of the group selected by the Examiner disclose spin dopes with 

polymer concentrations or inherent viscosities or a combination of such 

parameters which is Ear below that required in the applicant's claims. I t  was 

argued that Kwolek does not disclose extrusion of any spin dope through a 

Layer of inert fluid and into a coagulating bath: that the patent to Kwolek 

does not suggest that certain of the spin dopes give fibers of markedly higher 

as-spun tenacity when prepared in the manner claimed compared to the same spin 

dopes when spun as described in Kwolek. It was said that to applicant's 

knowledge, amide dopes of his prescribed polymers would not yield the results 

obtained by the present invention; that the earlier submitted affidavit by Dr. 

FkBride supported this contention because the affidavit showed the results of 

spinning an amide dope of polyfp-phenylene terephthalamide) through an air 

layer into a coagulating fluid and fibers having an as-spun tenacity of 7.4 

grams per denier. In contradistinction, it was argued that Example VIIa Of 

the '756 patent specification shows the production of a fiber having an 

as-spun tenacity of 24 grams per denier from a concentrated sulfuric acid dope 

Of polytp-phenylene terephthalamide) that was spun through an air layer into a 

Coagulant; that Example VI11 in combination uith Example VIIa of the 

specification shows the importance of polymer concentration even in the 

situation where the proper polymer and solvent medium are employed; that the 

Kwolek patent contains no guide to the instant invention. ( R X - 6 3 ,  pp. 71-72). 

97. In the respone filed February 15, 1973, it was further argued . .  

that the Morgan '645 patent discloses air g a p  spinning techniques, but in all 
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eighteen working examples contained in the Elorgan patent, there i s  not a 

single polymer described that would f a l l  w i t h i n  the polyanide c lass  required 

in the instant claims; that there i s  only a single polyamide mentioned i n  

Morgan patent that does, namely, poly 4,4'-diaminobenzanilide terephthalamide 

( 4 , 4 '  DABT).  I t  was said that the combination of  Kwolek w i t h  the Horgan ' 6 4 5  

patent is believed t o  be improper and unwarranted; that the spinning 

techniques employed b y  Kwolek and the Morgan ' 6 45  patent are d i s t i n c t ;  that 

one employs wet or d r y  spinning, t h e  other a i r  g a p  s p i n n i n g ,  I t  was argued 

t h a t  neither patent suggests w h i c h  from among the Kwolek s p i n  dopes should be 

used in t h e  Morgan ' 6 4 5  patent process; that from the disclosures of Kwolek 

and the Morgan ' 6 4 5  patent one could not predict t h a t  a i r  gap spinning of 

s p e c i f i c  s p i n  dopes i n  Kwolek would result  i n  h i g h  as-spun tenacit ies .  I t  was 

a r g u e d  that there is no disclosure in the Morgan ' 6 4 5  patent of 

poly-4,4'-dia?1inobentanilide terephthalamide being spun or even in a s p i n n i n g  

solution: t h a t  the af f idavit  by Dr, DeDominicis, previously subnitted, showed 

t h a t  an attempt to  dissolve t h i s  polymer i n  dimethylacetamide containing 6.5% 

lithium chloride,  a typical solvent system of the Norgan ' 6 4 5  patent was 

unsuccessEu1; that conversely the previously submitted af f idavit  by Dr. 

Hatchacd showed that when poly(m-phenylene isophtalamide), a polymer outside 

the c l a s s  required by the applicant's claims, was spun from sulfuric  acid by 

air  gap techniques, only v e r y  weak fiber was obtained. I t  was said that the 

florgan ' 645  patent does not teach one how t o  s e l e c t  from the almost i n f i n i t e  

p o s s i b i l i t i e s  w i t h i n  h i s  disclosure, those dopes which are employed i n  the a i r  

g a p  spinning process of ?he claimed invention; that the Morgan ' 6 4 5  patent 
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contains not the fa intest  suggestion that unexpectedly high as-spun tenacit ies  

would be obtained as  resulted from the Blades claimed process invention. 

(RX-1631 ppo 72-73) 

98. I t  was also argued i n  the response f i led February 1 5 ,  1 9 7 3  that 

the Morgan ' 706  patent i s  directed t o  an improved process for preparing 

Eilaments by incorporating in the s p i n n i n g  solution a small amount of a wax; 

that the Morgan ' 7 0 6  patent discloses both wet and a i r  gap s p i n n i n g .  Example 

VI1 of the Morgan ' 7 0 6  patent to w h i c h  the Examiner r e f e r s ,  was said t o  

describe a i r  gap spinning of a polyamide hydrazide, a polymer not included in 

the applicant's invention or claims. The Morgan ' 7 0 6  patent was said to f a i l  

to teach or t o  disclose the production of polyamide or polyamide hydrazide 

f ibers having markedly improved as-spun tenaci t ies .  (RX-163, p. 7 3 ) .  

99, A p p l i c a n t  argued i n  the February 15 response that  w i t h  respect 

to the Examiner's reference t o  Examples 76 and 80 o f  the Kwolek patent,  that 

while the former shows as-spun yarn tenacity values o f  11.4 grams per denier 

a n d ;  the l a t t e r  shows as-spun filament tenaci t ies  of  10.6 and: that 

admittedly, these values are f a i r l y  high, the claimed invention represents an 

unexpected improvement over the Kwolek patent. I t  i s  said u p o n  heat treatment 

of  the products o f  Examples 76 and 8 0 ,  some modest improvement i n  tenacity 

r C S u l t s l  althouqh fa r  from double the tenacity alleged i n  the outstanding 

Office Action; t h a t  the claimed invention permits the realization of  h i g h  

as-spun tenacity without the need for subsequent hot dry treatments w h i c h  tend 

t o  reduce elongation. Regardinq the Examiner questioning the absence of dry 

s p i n n i n g  data i n  t h e  aEfidavits ,  it was said, that none of Kwolek, Morgan ' 645  

or Morgan ' 7 0 6  patents disclose dry spinning of a sulfuric  acid dope. 
e 

1 5 8  



100. In the response filed February 1 5 ,  1973, applicant argued 

reconsideration of the rejection of the methods claims under 35  u .S .C .  112. 

It was said that the applicant's process claims adequately define his 

invention and are distinct from dry spinning and the other spinninq techniques 

enumerated in the outstanding Office Action. While it was said that applicant 

is prepared to insert a range of spin stretch factors, it was believed that 

this was unnecessary and would merely confuse the issue. (RX-163, p. 74). 

101. A notice mailed !!arch 27, 1973 by the U.S. Patent and 

Trademark Office stated that the application was in condition €or allowance 

and prosecution on the merits was closed. Certain changes in the application 

were indicated to have been made by the Examiner. (RX-63, pp. 81-82). 

102. Following an amendment under Rule 312 and a request for a 

certificate of correction, a notice of allowance was mailed on May 2, 1973. 

(RX-163, ppo 81-86] 

VI  TERMINOLOGY 

Polvamides 

103. Polyamides are polymers containi amide li ka es : 

104. Aromatic polyamides are polyamides wherein the radicals 

linking the amide linkages constitute aromatic radicals, e.g., 1,4-phenylene. 
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1t  ~ l l  of ttrc radicals linkirig thc m i J u  linkaqcs constitute arurnatic 

radicals ,  then the a r o w t i c  polydmide i s  termed a wholly atomatic polyhmidc. 

I f  those radicals are also para-oriented, then a wholly aromatic 

para-or iented, polymide is formed. (RPFF 2 1 . 
105. A wholly sronratic polyamide comprising equal p a r t s  o f  

uticrcin R and H' arc p;rra-plrenylenc (1,Q-phcnylenc) radicals is 

poly (p-phenylcnc tcrcphthJ1ainide) o r  PPD-T. 

,106. A wholly dctmutic polyamide comprisinu equal p a r t s  of .. . . . . -  

0 0 H H 0 H 

107. There irre three type OE po1ymi:Jes that c d n  be foriacd using 

the substituents: 
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wherein i f  (1) Jnd (11) are present, they are present in equimolar amo'dnts. 

If only substituent (111) is present, then an AB type polyamide is formed, 

e.g., poly(p-benzamide). If substituents ( I )  and (X I )  are present, then an 

AABD type polyamide is formed, e.g.8 poly(p-phenylene terephthalamide 

(PPD-T). I f  all three substituents, (I), (111, and ( 1 1 1 )  are present, thPn a 

copolymer polyarnide is formed, e.q.8 poly-4,4'- dianinobenzanilide 

terephthalarnide (4.4'DABT). (Bailey, R X - 3 ,  pp. 5-61, 

108.  The preparation of an AB polyamide involves the polymerization 

of a singLe monomer, an amino acid, which contains an amino qroup, A ,  and a 

carboxyl  COUP, B. For example, poly(p-bentamide) [PPB or PBA or L,4-B1 is 

prepared through the polymerication of p-aminobcntoyl chloride hydrochloride 

1610 ( R X - 1 6 4 ,  cole 38 ,  1s. 2 1 - 4 6 ) .  

109, The preparation o f  an AABB type polymide involves the 

polymerization OC two monomers,a diamine, A A ,  and a dibasic acid, BB. For 

example,  poly (p-phenylene tere'phthalamide) I PPD-TI is prepared through the 

polymerization OP p-phenylenediamine [PPD] and terephtaloyl chloride I T C I l .  

(RX-164, cola 24 1s. 45-62). 

110. The co-polymer poly (4,4'diaminobenzaniLide terephthalamide) 

is sometimes designated 4,4'-DABT polymer or internally at Du pont as 

(PPD-BI-T. I t  is pictured in col, 2 of the Morgan '645 patent. The 4'4'-DABT 

polymer is a specific lirnited order copolymer, It i s  not a qtoup Of 

co-polymers, PPD-T and 4,4'-DABT are structured para-oriented wholly aromatic 



\ 

polyamides. PPD-T is made up of repeat inq para-phenylenediamine (PPD) and 

tcrephthaloyl (T) radicals, 4,4'-DABT is made up of terephthaloyl (TI 

radicals joined to 4,4'-diaminobenzanilide (PPD-B) units. (Davis, Tr. pP. 

2187-88:  Uhlrnann, Cx-1147 p. 6; Magat, Tr. pp. 429,589: R X - 5 8 ) .  

polymerization 

111. The preparation oL polyamide copolymers involves the 

polymerization oE various monomers -- amino acids, diamines and diacids. When 

the individual monomers p-aminobenzoyl chloride hydrochloride[ B1 , p-phenylene 
diamine(PPD1, and terephthaloyl dichloridelT1 are reacted simultaneously, a 

copolymer similar to 4,4'-DABT is formed. The copolymer is made up of 

randomly ordered PPD, 9 and T units and is called a random copolymer, Random 

copolymers may be comprised of the PPD and T, and E monomers in different mole 

ratios, i.e., they need not be aade up of equi-molar concentrations of  the 

individual monomer units (CX-6,  RX-57, Example V(b) a t  col. 15, 1s. 58-69). 

blolecular weight 

1 1 2 .  The molecular weight has a considerable efPect on the 

viscosity of the polyazide dissolved in various solvents. Various viscosities 

may be used to characterize such systems, e , g . @  relative viscosity, w h i c h  i s  

the vicosity O L  the pol;*zmide solution divided by the viscosity of the 

solvent, and inherent viscosity ( 1, which is the natural logarithn Of the 
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re i i t ivr?  vic:cJsit:r d i v i d r ? , l  by th#* conccntratim Df 7 . 5  r ~ r a ~ ,  o f  LIglyanitlF? pcr 

1 0 0  31. ol solvent. For a given pol.jamide in a particular sglvent,  each (JE  

these v i s c o s i t i e s  increases vith increasing molecul3c weiqht oE the 

polyamide, ( U h l m a n n ,  CX-835 pp. 3-61 

A n  i s toropic s n in? in7 dopes 

113.  Anisotropic spin- i ing dopes are formed hjr increasing polyner 

concentration, increasinq polymer inherent viscosi ty ,  ,and/or, i n  the case o f  

u s i n q  sulfuric  a c i d  a s  a solvent,  increasing tho concentration of the sulPurLc 

acid.  (RX -164,  F I G S .  V and 1'1) 

A r  am i d  

, .  

1 1 4 .  mxaate the physical p r o p e r t y  d i f f c r w c e s  between f ibers of 

.>rornat ic D n r i  .3liphatic polyani 1r.s are q r e a t c r  than those between other 

zxisting generic cls.;r;es o f  f i b e r s ,  a I?W generic tern Eor Eibers from 

a t o x t i c  p l y a 3 i c ! c s  was requested by Du ?ont in 1 9 7 1 .  Subsequently, the 

qeneric term 'aranid" was adopted i n  1374 by t h r ?  United States Federa l  Trade 

i'cmni;sion €or designating fibers of the aromatic potyarnide t y p e :  aramid - a 

m n u f a c t u r n d  fiber i n  vhich the Eiber-forming substance is a Lonq-chain 

.;ynthetic plyamide i n  v h i c h  at least  8 5 %  OC t h e  amid? linkag?s are attache:? 

- f i teCtly tl> two Aromatic rinqs. A t  the same t ine  t h a t  the new g e n e r i c  tcrm 

becaae e l f e c t i v e ,  the gnner ic term "nylon" '.ids amended aw follows: nylon - a 
. .  
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manufactured Eiber in which the fiber-forming substance is 1 long-chain 

synthetic polyrmide in which Leer than 85t.Of the amide linkages are attached 

directly to two aromatic rings. (Uhlmann, C X - 8 3 5 ,  p. 9; Man-Made Fibers Fact 

Book, CX-837 p. 16). 

Extr us ion 

115. The extrusion of polymer into fibers i s  more often than not 

described by the uord "spinning." 

carrying out this operations. In melt spinning, the molten polymer is 

extruded under high pressure through tiny orifices in a jet or spinneret, and 

There are melt, dry, and wet methods O f  

the resulting very fine streams of molten polymer are cooled and converted 

into fibers or filaments. In d r y  spinning, the polymer is dissolved in a 
c 

solvent to produce a spinning dope, and the resulting solution is extruded 

from the jet or spinneret into,a hot atmosphere, which removes the solvent by 
, .  . 

evaporation, so as to leave the polymer in continuous fiber form. To wet 

spin, the polymer i s  dissolved in a solvent to form a spinning dope and the 

solution is extruded from a jet or spinneret, in a manner similar to that used 

in the melt and dry spinning. 

immersed in a non-solvent liquid, termed a spinning or coagulation bath, in 

which the liquid Eilaments are solidiEied by coagulation, In a modified form 

In that process the spinneret i s  typically 

Of wet spinning, known as dry-jet wet or air gap spinning, a wet spinning 

process is utilized in which a small distance or gap separates the spinneret 

and the surface oE the spinninq or coagulation bath. This gap generally 

. comprises air (hence the term "air gap" spinning) but may comprise othef inert 

fluids. (Davis, R X - 2 ,  p. 7). 
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Fiber Tcnaci tY 

116. The method of defining the size of Eilaments and yarns is not 

by means of the the cross-sectional area but rather by their linear density. 

The expression of size of synthetic fibers has traditionally been in denier, 

that is to say, the weight in grams' of 9000 meters oE the fiber (the origin of 

this is historical and comes Erom the silk industry). Recently. the unit tex 

was proposed - the weight in grams of  1000 meters; tex is often used in 

Scientific publications, but has found little acceptance in the industry as 

yet. Generally speaking, the strength of filaments or continuous filament 

yarns i s  expressed in tenacity in units oE grams per denier or grams per tex. 

Both are based upon the force. expressed in grams required to cause failure in 

lengthwise extension, with the tenacity being calculated by dividing this 

stress by the total denier of the original material bePore being elongated. 

That is, the breaking tenacity does not take into account the decrease in the 

cross-sectional area resultinq €tom the elongation of'the sample being tested, 
. .  

' 

even though this elongation may vary from material to denier itself is 

expressed in Linear density, material and may be ds low as St or as high a8 

501. Thus. since two materials havinq diEEerent densities, such as 

polypropylene and cellulose, may be possessed ol equal denier, equal 

elongations at failure, and equal tenacities, but yet stilL have quite 

diEferent tensile strengths, Other physical properties used to characterize 

Eibers include elongation a t  break, which is the increase in Lenqth of a 

filament of  yarn sample at the moment o f  break, expressed as a percentage of 

the original sanple length, and initial modulus (also called Younq's modulus 

or tensiie modulus) which is the load required to stretch a specimen o f  Unit 

cross-sectional area by a unit amount, usually expressed as grams per denier. 

(Uhlmann, Cx-635, pp. 4-51. 

165 



VI10 D U  PCNT'S RESEARCH EXCLUDING; INVENTOR BLADES 

- 

117. 

molecular weight PPD-T. 

concentrated sulfuric acid was noted. I t  was said t h a t  the polymer could be 

wet spun from sulfuric acid into aqueous salt  b a t h s .  Viscous 6 percent 

solutions of PPD-T i n  conc. sulfuric acid were made. Smal l  films of t h e  

solution were cast and coagulated in water, sodium hydroxide and saturated 

I n  A p r i l  1957 Do Pont's sc ient is t  k. W. Morgan, prepared h i g h  

On Apr'il 17, 1957, the solubil.ity of PPD-T in 

sodium sulfate. 

tensile b u t  low in tear strength. On drying the films were br i t t l e .  On Way 

2 0 ,  1957, Morgan prepared excellent solutions of h i g h  viscosity' PPD-T polymer 

The g e l  f i l m  were clear i f  cdst t h i n  and were strong' i n  

dissolved i n  concentrated sulfuric acid. The color of the solutions w&L pale 

yellow and the concentration by weight was about 12 percent. ( R X - 2 0 0 ) .  

118. Du Pont's P.W. !.(organ in a notebook entry dated May 40,  1957 

. .  stated: 
. . , .  

Excellent solutions were made from the high viscosity 
PPD-T polymer f n  [ =1 1.9) dissolved i n  conc. H2S04. The 
color was pale yelLow a t  a concen. o€ about 12%. 

S t r i p s  were cast  on microscopic slides and immersed i n  
various aqueous batter and organic solvents, such as LOB 
NaIH, H20, stated. N a 2 S O 4 ,  ethanol and butanol. 

Clear f lexible film was obtained i n  aq. N a O H .  T h i s  
remained q u i t e  strong a s  washed g e l  b u t  could not be dried 
down a t  25" or loo without great srinkage and becoming 
b r i t t l e .  
orientation and the €ormation of a fiber which could be drawn 
m i g h t  solve this diff iculty.  The wet gel  was judged to  be 
strong enough for easy wet spinning, 

Part of  the problem i s  probably t h e  l a c k  of 

Another problem i s  to wash t h e  s a l t  containing qel without 
Upon water washing opaque areas appeared i t  becoming opaque. 

where the film was thick,  so this  di f f icul ty  night not 8rFse 
i n  fine f ibers,  
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Progress with this  polymer i s  excellent and work should be 
continued, T h i s  polymer i s  a candidate €or the c l a s s  of h i q h  
modulus, hiqh tenacity of f ibers being sought by Bohn a n d  
Parrish. (RX-200, p, 0110668)  , 

119. A Du P o n t  notebook entry dated November 3 ?  1958 shows the 

synthens by POW. Morgan of high  molecular weight PPD-T u s i n g  HMPA. This 

became example XIX i n  U.S, 3 , 0 6 3 , 9 6 6  w h i c h  issued to Kwolek, P . W .  Morgan and 

Sorenson on Nov. 1 3 ,  1962 and is based on a patent application f i l e d  Feb. 5 ,  

1958. (CX-803, 13; CX-852, 17; C X - 8 0 3 ,  p. 4 ) .  

120. A Du Pont notebook entry dated November 7 ?  1958 shows the 

synthesis by ?.We Morgan o f  C1 P?D-T. This synthesis provided examples €or 

U.S. 3 , 3 4 9 , 0 6 2  which issued to Hill, Kwolek, and Sweeny on October 21, 1964 .  

fCX-803t 1 4 ;  CX-803, p. 4 )  

121. In November 1958, Du Pont's Morgan wrote in his notebook: 

PPD-T i s  o f  interest  a t  the moment because W. fiate thinks 
he can wet-spin it from sulfuric  acid. I wet c a s t  CtLms l a s t  
year which were tough but b r i t t l e  dry. 

t t 

T h i s  is remarkably high viscosity value for any aromatic 
polyamide. Preparation of formed products wil l  be most 
interestinq. (Rx-202 p. DL3L06O) 

122. Pioneering Research is the research l a b r a t o r y  established a t  

the Du Pont Texti le  Fibers Department for the purpose of  discoverinq and 

developing new f ibers and new fibrous products. Research on existing Eibers 

i s  carried out by t h e  other laboratories o f  the Texti le  Fibers Department' 

associated w i t h  each commercial f i b e r ,  Pioneering Research was established i n  

the l a t e  1940 's  a n d ,  by L964, i t  had 4 s t a f f  of approximately LOO Ph.D.s and 

150 support personnel, a l l  doing research aimed a t  new fibers and fibrous 

products. By 1964 t h e  staft a t  Pioneering Research had discovered many 
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Lycr an, commercial fibers fallowing nylon -- for example "Orlon" 
$ 

"Te E lo n " 

and "NOmeX". 

four research managers with responsibility for new polymers and new fiber 

compositions and with approximately one-quarter to one-third of the sta€E 

reporting to him include most of Pioneering's organic chemists, but also 

physical chemists, material scientists and engineers. (Maqat, C%-B01, pp. 

4-51 

Dr. Eugene E. Maqat took over in 1964 as one of PionccrFng's 

123. Dr. Magat who has a B.S. in Chemistry and a Ph.0 in Organic 

Chemistry in 1945, joined Du Pont at the nylon research laboratory as a 

research chemist. For the next 18 years he was deeply involved in research on 

polyamides and progressed through the positions of Research Chemist, Research 

Associate, Research Supervisor and Research Fellow. As a Research Fellow, he 

was at Du Pont's highest level of independent researches with authority to 

pick his own area of interest and supervise his own staff. 

experience. in both research and management of research and, in 1964, 

transferred to the Pioneering Research Laboratory as Manager of the Polymer 

Research Section. 

identification of new polymers and Eibers for the Du Pont Textile Fibers 

Department until he retired in 1979. He received twenty-nine United States 

patents €or inventions concerning for example, antistatic nylon, radiation 

grafting of polymers, interEdcia1 polymerization of polyamide8 and interfacial 

spinning directly Itom intermediates to fibers. 

papers and have given talk6 a t  k c d o n  Research ConEerenccs, the Royal Society 

of London, Bicentennial ACS Symposium on fibers and other international 

polymer science meetings. (Maqat, CX-801, ppa 3-41. 

He had developed 

In this position he was responsible for the discovery and 

He has published several 
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124, PHD-27 io said to be a high strength, hiqh modulus fiber made 

from poly (p-benzamide) (1,4B). It is represented graphically: 
- -  - 

1 

PRD-27 was Du Pont's first para-positioned polyamide that could be dissolved 

and spun into Cibers with hiqh modulus and tensile properties. PRD-27 has 

been referred to by the code name "Fiber E" .  AS of 1969 PRD-27 (PPBI Was 

considered by Du Pont tho best candidate for commercialization, Fibers having 

an as-spun tenacity between 10-12 grams per denier (qpd), an elonqation of 

approximately 6b and an initial modulus between 400-500 gpd uece by then 

routinely obtained, Upon heat treatment, the tenacity of the f i b e r  increased 

to 18-20 gpd and the modulus to l,OOO-l,ZOO but its elonqation was decreased 
, .  . 

to about 21. (Magat CX-801, p. 8 ) .  

125. The polymer b a s e  for PHD-27 fiber was prepared by polymerizing 

the hydrochloric acid salt U E  para-aminobenzoylchloride in a mixing Vessel 

usinq as a solvent dimethylacetamide (DFNC) and lithium chloride salt. This 

resulted in a liquid crystalline spinning solution containing 6Q by weight 

poly(p-bentamide) having an inherent viscosity of 2.8-3,4 (as measured in 

sulfuric acid) and a viscosity of qenerally .lo0 poise or less .  The 

polymerization of the polymer directly in the spinning solvent has been 

referred to a8 "in situ" polymerLzation. This liquid crystalline spinning 

solution was then transferred (or pumped) from the mixing vessel to a wet 
. 

. 

spinninq device where the solution was forced through a spinneret submerged 
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directly in a ~ o a ~ ~ u l ~ t i n g  h t h .  

degree of orientation is imparted to the extruded liquid crystalline solution, 

and before it relaxes or becomes disoriented, the coaqulating bath quickly 

When forced through the spinneret, ir high 

freezes that orientation as the resultant filament is formed. Then, as the 

extruded filament passed through the bath to a wind up roll, the lithiurn 

Chloride salt was extracted. TypicalLy the fiber was spun at speeds of 150 to 

250 feet per minute. The chief drawback of this fiber was economic because 

(1) the intermediates used in the polymerization step were costly and 

difficult to purify and (2) the 1 2  qpd tenacity oL as-spun fibers provided 

borderline value-in-use advsntayes over existing f i b e r s  for tire 

reinforcement. The low eiongation of the 20 qpd Eiber obtained by heat 

treatment was inadequate for tire use. (Ms9at CX-801, PP. 5 ,  9-LOI. 

126. PRD-48 is Du Pont's code Lor fiber made lrom 

poly (chloro-p-phenylene terephthalamide. (CLPPD-T: 
- -  - - -..-. . ._. .. - - . .  

Research on this Eiter was carried out from 1968 to 1970. 'rhe fiber was made 

by polymerizing chloto-p-phenylene and tereytlthaloyl chloride in situ in the 

spinning solvent and the solution then was wet spun into a coagulating bath to 

-- 

form fiber. 

dimethylacetamidc (DMAC) solvent and Lithium chloride salt to give a l i q u i d  

crystalline spinning solution containing 6.61 CLPPD-T having an inherent 

viscosity of 3-4 (as measured in sulfuric acid] and a viscosity oE generally 

Specifically, CLPPD-T was polmerized in a mixing vessel i n  

I 

1 7 0  



100 poise or less. Spinning speeds as high as 450 feet per minute were 

obtained. (!Gigot, cx-801 p. 10) . 
127. As-spun fiber properties of PRD-48 were slightly better than 

PRD-27 fibers but the heat treated version was 20% lower in tenacity and 

modulus than PRD-27,  PRD-46 Eiber being made and spun in the same solvents 

and salt as used in PRD-271 had an initial cost advantaqe over PRD-27 because 

of lower intermediate costs and ease of  purifying its starting intermediates. 

Howeverl later the economics o f  the PRD-48 intermediates were revised 

downwards because of the discovery of an alternative route using 

p-aminobenzoyl chlor i d c  dimer (called PRD-27D) Thus PRD-48 became 

substantially less attractive than PRD-27. (Yagat, CX-801, pp. 10-11). 

128. Research on PRD-48 was terminated early by Du Pant i n  1970 

with (1) the discovery of a new low cost route to'PRD-27 intermediates and ( 2 )  

the recognition that CLPPD-T could not be delivered at the rate it would be 

needed for rapid development and at the low intermediates prices that were 

originally projected. (CX-803. p. 9) 0 

. . .. 

129. PRD-?Q/aramid is Du Pont's code name for Eiber made from poly 

(p-phenylene tercphthalamide) '(PPD-T) spun in an amide solvent , This fiber' 

was processed in a manner similar to PRD-27 in that p-phenylenediamine and 

terephthaloyl chloride were polymerized in situ in the spinninq solvent and 

the resultant solution YEIS wet spun. (Magatl cx-801, p. 111. 

130. At Du Pont there were two campaigns to make PRD-44Iamide. The 

first campaign commenced in 1966 and was discontinued to 1967 because poor 

properties were obtained as compared to PRD-27. In this work preformed PPD-T. 

. .  Polymer was dissolved in a mixed amide solvent to form the spin solution. The 

second campaign commenced in mid-1968 and by late 1969, better fiber 
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properties were achieved. 

in a mixinq vessel in hexamethylphosphoramide (HMPA)/ N-methlpyrrolidone-2 

(NMP) solventr and lithium carbonate salt, Eorming a liquid crystalline 

spinning dope conta ninq 6t  by weight PPD-T havinq an inherent viscosity of 

4-5 (as measured i n  sulfuric acid) and a viscosity of generally 100 poise or 

less. Spinning speeds were low, in the order of 120 feet p e r  minute. (Magat, 

In thir second effort PPD-T was polymerized in situ -- 

CX-801, pp. 11-12). 

131. The economics of PRDD-44 amide were superior to PRD-27 because 

of the lower cost O E  the intermediates used to make PPD-T. However, in late 

1969 after several yeare of work, fiber properties o f  PRD-ll/amide were very 

sensitive to selection OE spinning conditions and were not a8 good as PRD-27. 

The major problem was fiber inhomogeneity, i.e., the fiber skin (outer 

surface) was highly oriented and had good tenacity while its core was 

considerably less oriented and correspondingly much lower in tenacity. 

Overcoming this Eiber inhomoqeneity i n  PRD-44/anide continued as a major but 

unsolved objective. (>@gat, C%-8OL, p. 1 2 ) .  
. .. 

1 3 2 .  PRD-l4/5uLlut ic acid (PPD-l'-H2S0,) is DU Pont's code name 

for fiber made from poly (p-phenylene terephtahalamide (PPD-T) and where 

highly concentrated sulfuric acid is used. 

formed in situ. Instead, the PPD-T polymer was made using an amide solvent in 

Thus PRD-44/sulfuric acid is not 

-- 
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a mixing vessel under conditions which perritted the production of a polymer 

with high inherent viscosity. After polymcritat.ion, the PPD-T polymer was 

precipitated with water , separated from the amide solvent, washed and dried. 
Then the polymer was mixed and dissolved into highly concentrated sulfuric 

acid so as t e  form a liquid crystalline spinning solution which was then wet 

spun into riber. (Magat, Cx-801, pp. 12-13) . 
133. The examination of poly-lr4-benzamide at du Pant's Pioneering 

Research was stimulated by the issuance of Belgian patent 620,511 (OPI 

3/9-15/64) and Luxemburg Patent 44,411 (3/10/64) to the Monsanto Co. The 

initial reaction vas that this polymer could be a threat to the Nomex products 

venture. Further, there was the possibility that Pioneer inq Research records 

would show an early experimental record adequate for filing a U.S. Patent 

application. Such as action rested also on the provision that an immediate 

stude of the polymer proved it worthy of patent protection. fCX-803, #Ir p. 

3 )  
. .  . 

134, On April 29, 1964, P.W. Morgan, in a meeting with G.F. Lanzl 

and others, agreed to undertake the necessary study of poly-1,4-benzamide (a 

para-positioned polyamide] and S e t .  Kwolek was assigned by Morgan to carry out 

experiments on the polymer uhcn a search oE the records showed only scanty 

data available in its tiles. T h i s  work was carried out under PX-35 and 

Px-266, "Polymer Scoutinq" and "Study of Intractable Polymers". (CX-803, Ill 

P. 3). 

135. A patent proposal (Q-928), prepared by Morgan on May 6, 1964, 

was submitted in order to officially bring Pioneering Reseirch interests to 

* '  the Patent Division, to obtain prior art search, and to reach a decision on 
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f ilinq before the anniversary of the Monsanto Belgian and Luxemburg patents. 

Eventually, a decision not to file was made because of lack'af experimental 

support in the early records. Statements in the patent proposal showed that 

the potential.of poly-1,4-benzamide was thought to be as a superior material 

in the form of strong, durable fibers, films, and fibrids having exceptional 

thermal resistance, electrical insulating properties, and resistance to 

hydrolysis. ICX-803, 11, p. 3 )  . 
1 3 6 .  Experimental work on poly-lt4-bentamide was started by S.L. 

Kwolek on June 3 ,  1964. on July 23, 1964# poly-l,I-benetdmide (viscosity 

0.78) was prepared €tom p-aminobentoyl chloride hydrochloride by reaction in 

hexamethylphosphoramide. This polymer was soluble in DMAc-LiCl and a somewhat 

fragile film was cast. Polymer with vircoeity 1.77 was obtained on September 

14, 1964. A broad search for useful spinning solvents was undertaken. 

Ethane-and methanesulfonic acids dnd antimony trichloride were solvents. Fair 

solutions were obtained with tetramethylurea LiCl and further-experimentation 

later showed that repeated heating and cooling would yield a wet - or 

dry-spinning solutions. Self-supporting films were wet cast-crude spinning 

Was done with a hypodermic syringe. There followed a period in which the 

preparation of monomer was perfected. On December 1, 1964, polymer with 

. .  . 

viscosity 1.14 was prepared in tetramethylurea without neutralization. 

Met-spinning Crom sulfuric acid was first done on January 15, 1965, with the 

production of fair fiber. These fibers were heat-treated at temperatures from 

427' to 538OC. on a 3" hot shoe. 

gpd. . l  

1.45/10.4/69 as spun and T/E/Mi o f  2.6/1.54/244 after heat treatment at. 

432'C. A maximum Mi oE 343 gpd was attained. 

The highest initial modulus was 132 

Subsequent spinninq from sulfuric acid yielded fibers with T f E F I .  of 

, 

(CX-803, 11, p. 4 ) .  



137. On !.!ay 20, 1965, tho preparation of  tetramethylurea-LiCl 

solutions of poly-1 ,?-benramide for dry-spinning was undertaken. The 

observation was noted that these solutions showed pearlescence or 

birefrinqence when poured or distrubed. They were thought, therefore, to have 

the character of a dispersion of aggregates rather than true solutions. 

Dry-Spinning o n  May 28, 1965 yielded excellent, bright filaments. 

as-spun sample had T/E/M 6 . 0 / 2 . 2 / 4 3 0 .  Successive spins soon gave i 

tenacities over 9 gpd and heat treatments gave initial moduli over 700 gpd, 

with sonic moduli as high as  1500. It was considered that an extraordinarv 

organic fiber had been discovered, which property-wise was Potentially 

superior to glass as a reinforcing material Lor plastics and rubber. 

code, P R D - 2 7 ,  was assigned to the ply-lr4-benzamide program on June 15, 

. The best 

The 

1965. (CX-803, t l ,  pp* 4 - 5 1 .  

138. Eeginninq in ear.ly October, 1965, H.W. Williams and W.P. 

Fitzqerald .were assigned to work under Irwin on polymer preparation and 

dry-spinning, respectively of PRD-27, P.S. Anta1 was assigned to work under 

L.F. Beste on solution preparation and new solvents. 

point was that developed by S. L. Kwolek, wherein the polymer was prepared in 

an amide solvent but isolated, dried and redissolved. 

nature of these procedoies, variability in intermediates, and the many 

i3iosyncrasies of this polymer system, a long period oE diFficulties with 

reproducibility ensued. IC>(-003, 11, p. 6 ) .  

The process at this 

Because of the Critical 

139; Kwolek i n  the sinties observed that the spinning Solution Of 

PRD-27 in TMU-LiCl was unQsual in that it had a persistent pearly character 

(birefringence) under even mild shear. The solution, when dry or wet Spun, 

gave oriented fibers directly, whereas such spinning normally yields 

completely unoriented fibers. 

considerably by increased spin stretch ratio and even to a greater degree by a 

The degree of orientation vas increased 
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simple short-term, high temperature treatment. Casting of films on a glass 

plate led to orientation and low tear strength in the transverse direction. 

sulfuric acid, as a solvent, gave clear solutions which produced none o f  these 

results. The, pearly (birefrinqent) quality was absent in TMU-LiC1 solutions 

at low concentrations OL ,with palymers having ninh below about 0.7. (CX-803 

tl, po 1 6 ) .  

140. R. Scott (January, 1966) noted and measured the exceptionally 

high refractive index of PRD-27 and PPD-T. Ile noted the tendency Of the 

PRD-27-TMU solutions to form a partially oriented net work of fibrils on 

drying and that the as spun. fiber had d similar character. The small €ibriLS 

were found to have higher orientation than the total as-spun fiber and there 

was a perfection of alignment OC fibrillar elements on heat treatment. 

developed an orientation function to replace x-ray orientation angle in the 

He 

description of €iber quality. Other simple microscopic tests were devised to 

distinguish spinnable solutions. (CX-803,  11, p. 17). , . .  . 
141. It was 11s. Kwolek in 1965 who discovered that certain 

para-positioned polyamides could be dissolved and spun into fibers having high 

modulus and tensile properties. Prior to that time, para-positioned 

polyamides were regarded as essentially intractable and not capable of being 

formed into fibers. She also discovered that under certain conditions, 

solutions or "dopes" o€ these para-positioned polyamides were in a liquid 

crystalline state (i.e,, anisotropic state) and, when properly wet or dry 

Spun, fibers -retained the high degree OE orientation imparted by the spinneret 

prior to coagulation into fibers, The fibers "as-spun" were oriented and had 

high modulus Istiffnoss) and relatively high tenacity (tensile strength) 

without Subsequent drawing. When qiven a heat treatment the fibers underwent 

recrystallization which raised th'ese properties still higher. 

high strength synthetic €ibers such as industrial nylon, any orientation 

In previous 
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imparted to the spinning solution by the spinneret was lost by relaxation of 

the polymer melt Or solution. 

solidification or coagulation and the as-spun Eibers had to be subsequently 

As d result. fibers were unoriented u p o n '  

drawn to achieve acceptable orientation and crystallinity. (Magat, Cx-801, 

pp. 5-61. 

142. A notebook record dated June 17, 1965 stated that MS. Kwolek 

was successful in obtaining Eibers with very high modulus Erom poly-lr4- 

benzamide. (PRX-27)  (CX-803, t 2 ) .  

143. Pioneering Research at Du Pont discovered three basic concepts 

in 1965 which led to the choice of poly-p-benzamide as the preferred candidate 

for initial scale-up. The three new concepts discovered were (1) that 

p-aromatic polyamides a r b  capable under certain conditions ( 8  solids, Solvent 

type, temperature) to give liquid crystalline anisotropic spin dopes, (2 )  

these anisotropic dopes upon vet or dry spinning retain the high degree of 

orientation imparted to the fibers prior to coagulation to give high tenacity, 

high modulus Eully drawn "as-spun" fibers (all other known polymers relax 

prior to coagulation) , and ( 3 )  as-spun fibers upon brief heat treatment at 

a r o m d  500.C. undergo a recrystallization process which raises fiber modulus 

from a level o l  500 to over 1000 and the tenacity from 12 to 18 gpd. 

. .  , 

(ex-803, 

p. 2 ) .  

144 . Prior to 1966 PRD-44 (poly-p-phenyleneterephthalarnide) along 

with PRD-27 (poly-p-benzamide) was considered an essentially intractable 

polymer, soluble only in very stronq acids. 

as late as April 1969 contiwed to describe both these polymers as "only . 

difficulty soluble" or "virtually insoluble". (CX-803, t 5 ,  p. 1). 

Non Du Pont Literature references 



1 4 5 .  A Du Pont report (PR-166-134)'for the period 11/1/65 to 

5/15/66 and dated 11/16/66 by T.I. nair stated that"the discovery that 

poly-l,4-benramidc, called an AB polyamide , based upon a Q-phenylene backbone, 

exhibits a very high initial modulus has stimulated considerable interest in 

polymers which may have equivalent or superior properties and offer advantages 

in cost or processibility, AABB, p-phenylene poly-amides differ from their A8 

analogs only in amide sequence an were said to be logical candidates for 

initial investigations. Under the heading Summary and Conclusions was the 

follow ing : 
\ 

Preliminary work has shown that pdly (E-phenylene 
terephthalarnide), the AAB analog of poly-l,4-benzamide, c a h  
be wet spun from sulfuric acid  into a water bath. The Cibera 
have the highest modulus of all the AABB polymers spun (272 
gpd.). This modulus is considerably lower than that of 
poly-le4-benzamide spun from tetramethylurea/lithium chloride 
but is higher than the modulus of heat treated 
poly-lt4-bentamide spun from sulfuric acid. Further work .is. 
required to establish the maximum properties of 
poly (2-phenylene tereph ta lamide) and to discover other 
solvents . 

The discovery of mixed solvent systems, such as 
N ,N-dimethylacetamide/tetramethylene sulfoxide/l ithium 
chloro, has made it possible to spin and evaluate 
poly- (chlor ide-pphenylene tereph thalamide) and 
copoly (~-phenylenc/2, 6-d ichloro-p-phenylene terephalamide) e 

Poly (chloro-E-phenylene terephthalamide) and 
poly (2,6-dichloro-e-phenylene terephthalamide) , polymers in 
which EiEty percent of the aromatic units are 
chloro-substituted, yielded fibers with good properties but a 
modest initial modulus (150-170 'gpd.) when compared to 
poly-l,4-benzamide. Fibers from 
copoly (~-phenylene/Z, 6-dichloro-~-phenylene tereghthalamide 1- 
(0*6/0- .4  used) in which only twenty percent of the aromatic 
units are chloro-subst ituted had d somewhat higher modulus 
(215 gpd.). 

The majority of the p-aromatic polyamides were readily 
prepared in high molecular weight by known methods in amide 
solvents.' Post-neutralization of reaction media with lithium 
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oxide or calcium oxide was found to be advantageous uith some 
chloro-substituted polymers which otherwise gave IOU 
molecular weight. 
protonated aaine groups and solubilization of telomers by 
generated Lithium chloride or calcuim chloride are needed for 
continuation of the polymerization in these cases. 

The solubilities of several AABB, 2-aromatic polyamides in 
solvents such as N,N-dimethylacetanide/li thiun Chloride and 
N,N-diacetamide/tetramethylene sulfoxide/lithium chloride 
were lound to be correlated to the degree and symmetry of 
chloro-substitution. Those polymers possessing the highest 
degree and least symmetry of chloro-substitution are the most 
soluble, and those possessing no chloro-substitution the 
least soluble. 

presumably both neutrazlization oL 

It was said that the preparation of PPD-T had been disclosed in the literature 

but that no claim or disclosure oE a fiber from the PPD-T polymer was known to 

the author. Under a section entitled "111. Polymer Spinning" it was stated: 

PPD-T. The LOW solubility of PPD-T in existing Solvent - 
systems has precluded dty-spinning this polymer. An attempt 
to wet-spin a 28 solution in HMPA-TMSO-LiC1 into a water bath 
gave filaments which could be wound-up, but which Eused on 
the bobbin and could not be backwound. This as probably due 
to a large quantity 'of residual solvent. 
. On the other hand sulfuric acid solutions were wet-spun 
with a mechanically driven syringe-type apparatus into a 
water or dilute acid bath (see Table XV). Further spinning 
designed to find the optium conditions is part o€  the current 
proqram on PPD-T. 

Table XV shows that the sulfuric acid used was concentrated sulfuric acid. 

Wet spinning of PPD-T in HMPA TMSO/LiCl gave poor results. Bair did show that 

PPD-T could be wet spun from sulfuric acid into a water bath to give Eibers 

with a modulus of 272. ICX-803, 17: CX-803, p. 4,;  CX-803, 4 5 1 0  

146-., A Du Pont report (PR-66-196) for the period 5/15/66 to 

11/15/66 and dated March 3, 1967 by T.I. Bair summarized his work conducted in 
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this period as follows: 

High-tenacity, high-modulus fibers have been obtained from 
high molecular weight poly (E-phenylene terephthalamide) 
wet-spun from hexamethylphosphoramide/n-methyl-2-pyrrolidone/ 
lithium chloride. Single breaks on drawn and annealed fiber 
has given values for T/E/Mi as high as 10/2.1/492. Even 
higher properties should be obtained with further 
experimentation designed to find the optimum draw temperature 
and ratio, as well as annealing temperature. 

Preliminary work on spinning sulfuric acid solutions has 
yielded, after drawing and the annealing, poly(p-phenylene 
terephthalamide) fibers with 'C/E/Mi = 4 / 1 . 6 / 3 5 0 .  

The tensile properties of as-spun fibers of 
poly- (1-phenylene teceph tahalamide 1 /poly-l , 4-benzamide ( 
0.5/0.5 used) and poly (pphenylene 
terphtalamide)4,4*-bibenzamide f0.5/0.S used) copolymers were 
f o m d  to be similar to those of poly(p-phenylene 
terephthalamide) of comparable inherent viscosity. These 
fibers could be drawn a t  relatively low temperature f 3 0 0 " )  
but hiqher temperatures qave brittle fibers. Similar drawing 
behavior i s  observed for fibers of poly(E-phenylene 
terephthalamide) when the inherent viscosity is below 1.9. 

New mixed amide/l ithiom chloride solvents have been 
discovered for AABB, p-aromatic polamides, which are 
comprised of hexamethylphoshoranide and tetramethylured, 
flinetylacetamide, or ~-methyl-2-pyrrolidone. The first wo 
mixtures give good solutions with copolymers, but the third 
is more satis factory for poly (1-phenylene terphthalamidel 
A mixture consisting of two parts heramethylphosphosamide and 
one part N-methyl- 2-pyrolidone (by vol.) and containinq 
lithium chloride in a n  amount such that the molar ratio of 
salt to polymer-amide-links is 1.7s was found to be the best 
Solvent for poly (e-phenylene terephthalamide) at lov 
temperatures 

Control of the inherent viscosity of poly(E-phenylene 
terephtalamide) by a number of chain terminators was 
evaluated and found to be Eeasible up to an inherent 
viscoiity of 1.4. Because the reaction Of 
E-phenylene-diamine with tecephthaloyl chloride is quite 
rapid, up to 95% of the final inherent viscosity being 
reached within a few minutes, the degree o f  polymerization in 
the higher range is affected as much or more by small and 
c l i f  Eiculty control lable  changes in reaction conditions as by 
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changes in the amount of chain terminator. 

Severa 1 g-phenylene /pbipheny lene pol yme r s have been 
preparedr but only poly (benzidine terephthalamide) has been 
prepared vith an inherent viscosity of 1.0.  in order to 
achieve high molecular weight with benzidine, a new 
polynerization medium was developed consisting of 
2r6-lutidine as acid acceptor as an amide solvent. (RX-803, 
(8 ,  pp. 1-2). 

147. Bair in h i s  March 3, 1967 report under the heading "Polymer 

Spinning" and subheading "Sulfuric Acid Solutions" stated that PPD-T and its 

copolymers qive spinnable solutions in concentrated sulEuric acid: that 

extruded filaments from concentrated sulfuric acid are somewhat weaker than 

those spun from Hb!PA-NrP-LiCl and only high inherent (viscosity = 2.0) polymer 

has given qoad spins;  that spins employing medium inhe.rent polymer gave weak 

filaments which are difEicult to wind up without breaking; that all spins from 

sulfuric acid have been carried out on the motor driven syringe-type apparatus 

and somewhat better results may-be expected with better equipment. (RX-803, 
,. 

18, p. 181.; 

148. Bair in his ?latch 3, 1967 report under the heading "Polymer 

Solubility' stated that p-aromatic polyamidies have long been regarded as 

among the least tractable polymers dissolving only in such strong solvents as 

sulfuric acid and chlorosulfonic acids; that certain amfd-inorganic salts have 

been shown to be excellent solvents for many p-aromatic polyamides but that 

PPD-T has at best marginal solubility in these systems. ( R X - 8 0 3 ,  # 8 8  p. 141. 

149. A l l  of the work reported in the Bait March 3 ,  1967 report was 

with PPWT viscosities uhich were in the range o f  2.5. ( R X - 8 0 3 ,  # E r  pp- 

18-21: RX-803,  p* 41. . .  



150, Du Pont's P.W. Florgan in a notebook entry dated 9arch 28, 1966 

stated: 

Wet-Spinning Combined with Dry or Space Spinning 
< 

As a route to increased Elow orientation and capture o f  
this state in the Eiber, we could extrude viscous solutions 
of PRD-27 and kindred polymers from Eine-hole spinnerets with 
the maximum or at least high spin stretch factor into air and 
then before the stream or solution has time to relat and 
disorient, pass it into a coagulating bath of suitable 
composition, Thus sulfuric acid solutions could ,be extruded 
into air in a downward manner and passed into water or other 
coagulant and wound UP- 

The air. space should probably be quite small, probably 
one-halL inch or Less.  Such d system also possesses the 
advantage o €  permitting the spinneret temperature to BifEer 
quite markedly Erom that of the bath and could have speciElc 
use in this way. That is, the solution might require high ( 
50°C) temperature or low f 25°C) whereas the bath could be 
at 25°C. I 

The above process could be used to achieve the high order 
desired in PRD-27 fibers but using solvents not at present 
considered useful for dry spinning such as DAMC, and those 
such as H2SO4 which have not yet yielded a high-modulus 
product by wet spinning.. (.%rgan Notebook P-2994,  -RX-28L p. 
0008555) 0 

q, 6 . .  

1'71. A s  reported in a memo dated ttacch LO, 1967 by : R . S .  Irwin t o  

Dr. Hagat, an evaluation €rom Oct. 1965 to Fib. 1967 by P.S.. Antal Of 

alternative solvents Cor 1, 48, led to AntaJ's discovery that NMP-LiCl was 

superior in solvent power to TEIU-LiC1. Antal noted the high birefringence and 

anisotrophy OF such solutions a t  rest . ,  Undgr shear, e.g. between microscope 

slides, in capillary flow, or between contra-rotating copcertric cylinders, 

these dopes exhibited unexpectedly h i g h  flow birefr inqence. 

in the direction of shear W a s  confirmed by x-ray diffraction. 

High okientation 

On removal of 

the shear stress, the dope Lost orientation at a very slow rate. Relaxation 

time varied from several seconds to many minutes, depending on temperature, 



concentration, and deqree of pre-shear. It was said that 1,4B dopes consist 

of a multiplicity of birefringent domains,, oriented at random with respect to 

one another; that this led Anta1 to the concept that PRD-27 spin dopes were 

crystalline liquids comprised of small regions or domains: that within each 

domain the molecules have an overall preferred orientation: t h a t  the donains 

have no distinct boundaries and are fluid and deformable: that their 

scattering o f  light through narrow angles indicated an average domain size of 

the order o f  3-59: that this corresponded with the dimensions seen under the 

polarizing microscope: that .the sub-domain level 1,48 tends to exist as 

molecular aggregates rather than single molecules: that the domain structure 

disappears at low concentrations (ca, 48)  of polymer, and with increased LiCl 

content the molecules deagqregate as well; that dilute solutions containing 

much LiCl are essentially true molecular solutions. It was said in contrast 

to the structured spin dopes, 1,4B solutions in sulfuric acid are isotropic 

and behave as true molecular solutions; that orientation under shear i s  of a 

very low order, and this relaxes very fast when shear i s  removed: that Antal 
. .  . 

has demonstrated, that special low temperature dissolutions techniques can 

yield structural solutions of 1,4B in sulfuric acid: and that this structure 

is easily destroyed on warming, even to room temperature, Accordingly it was 

said that Antal has provided a useful working hypothesis as to the importance 

OC liquid crystallinity in PRD-27 spin dopes for providing uniquely high 

orientation in as-spun P R D - 2 7  Eibers, in contrast to all other solution-spun 

fibers; that -1,48 dopes at rest, already possess a high degree of molecular 

alignment within domains: that by extrusion through a spinneret those domains 

become highly aligned and elongated; that alignment eventually becomes such . 
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that domain boundaries disappear and highly oriented solution jet emerges from 

tile spinieret; that spin stretch is highly important in maintaining shear on 

the dope from this point on, so that molecular orientation is maintained or 

even enhanced; that in addition, the relaxation times are so long that the 

fiber is set up into highly oriented arrangement before any orientation can be 

lost; that by contrast sulfuric acid dopes of 1,4B are poorly oriented on 

extrusion throuqh a spinneret and they relax so fast that the resulting fiber 

is appreciably oriented only in the skin while the interior is a poorly 

oriented spherulitic arrangement. (CX-803, t 9 ,  pp. 1-21. 

152. As further reported in the memo dated Narch LO ,  1967 by Irwin 

to Magat, it was said that Anta1 having identified a connection between liquid 

crystallinity in PRD-27 spin dopes and good fiber properties, devised a method 

to measure quantitatively this property: that in contrast with isotropic spin 

(lopes, e.g. 1,40 in sulfuric a c i d ,  1,4B solutions in arnide-salt systems 

strongly depolarize plane polarized light that a beam of polarized light iS 

completely extinguished by a polarizer normal to the direction of 

polarization; that an interposed thin layer OE 1,4B dope depolarizes the light 

with the result that a large pact of  the light beam is now transmitted; that 

the ratio of transmitted to incident light is a measure of depolarization; 

t9at this characteristic I s  general €or 1,4B in other solvent systems and 

provides the general definition of a useful spin dope - those which, in d 

layer 70 thick, cause at least 101 depolarization of light; that arising from 

this work of -liquid crystal solutions is the general concept that linear stiff 

aromatic p-benzamides in solution should provide liquid crystalline solutions 

and highly oriented as-spun fibers. (CX-803, 1 9 ,  p. 3).  

. .  
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1 5 3 ,  A Du Pont report (PR-67-96) for the period Nov. 15, 1966 to 

June 15, 1 9 6 7  and dated October 23, 1967 by T.I. Bair under “summary and 

conclusions’ stated i n  part: 

Two AABB, e-aromatic polyamides, poly(l,4-phenylene 
terephthalamide) , PPD-T, and poly 2-cholo-L,4-phenylene 
terephthalamide), CLPPD-T, and the AB-AABB ordered copolymer, 
8-PPD-T, have been found to give anisotropic (liquid 
crystalline) dopes in amide-salt solvents. During the 
investigation o f  these and other rigid polymers, it was found 
that 100% sulfuric acid was an excellent solvent for 
obtaining anisotropic dopes of numerous AABB, p r o m a t i c  
polyamides as well as P R O - 2 7 .  

KX-803, # L O ,  p. 1 )  . 

154. A Du Pont memorandum dated September 28, 1967 from T . I .  Bair 

to R.P. Barkley of Du Pont’s Patent Division stated in part: 

. A Celsncse patent W.S. 3,154,613) discloses the use of 
sulfuric acid and tuning sulfuric acid with at least 1% of a 
salt such as (NHqI2S04 as spinning solvents €of PPD-T 
and similar p-aromat ic polyamides (PRD-27 is nat included). 
An investigation of added salts to anisotropic PPD-T sulfuric 
acid dopes has just begun. erelimfnary data has shown 
essentially no difference in dope character upon t h e  addition 
of Na2SOa or (Ml4)2SO4to an anistoropic dope of 
PPD-T in 0.81 S03(H2SOql. 
Theae dopes have been >sed to prepare fibers, however, data is 
not yet available for comparison with dopes containing no Salt. 

4 I. * t 

High as-spun properties and very high modulus Eibers appear 
to be related to the ability o f  the polymer to give an 
anisottopic dope. 
Pound to g i v e  this character i n  e. LOO1 sulfuric acid. Table 
V I  i s  a list of these polymers. Three of these polymers, 
PPD-T/BB 150/50), C~PPD-L, 4B-T (l:l:l), and B-PPD-T have been 
spun from anisotropic, sulfuric acid dopes. Data on 

Numerous p-aromatic polyamides have been 
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as-spun fibers i s  tabulat5ri in Table V I I .  I R X - 2 2 2 6 ,  p. 
TC112310) 

* 

1 5 5 .  A Du Pont report IPR-68-48) for the period June, 1967 to 

January 19GB.~part-time) and dated August 30, 1968 by T. I .  Bair involved the 

discovery that anisotropic dopes could be obtained with many p-aromatic 

polyamides in around '100% sulfuric acid. 

lead to a new, inexpensive process for spinning, which could be applied to a 

This discovery was safd to provide a 

wide range of polymer compositions as wqll as a greatly extended range of 

molecular weights. (CX-803, tl2, p. 11. 

156. The Do Pont report (PR-68-48) dated August 30, 1968 by T.I. 

Bair under the headinq 'Summary and Conclusions" s,tated .i,n part: 

High tenacity, super-high modulus fibers of  both PRD-27 
and PRD-44 have been obtained from liquid anisotropic, 
sulfuric acid dopes. PRD-27 filament moduli up to 946 gpd 
3nd tenacities greater than 15.0 gpd have been attained upon 
heat treatment. Similarly, PRD-44 has given moduli of ca. 
900 gpd and tenacities up to zs ,lS,O.gpd. . 

The modulus o f  heat-treated PRO-27 and PRO-44 has been 
correlated with the crystalline orientation,angle (O.A.1 
A l l  fibers having an 0.A. of about 1 2 O  or 1ess.have had an 
initial modulus of 500 qpd. The tenacity of drawn tibers 
increases with increasing tenacity of the as-spun fibers. In 
general, the tenacity o f  drawn PRD-27 is greater then that of 
comparably t r ea ted PRD- 44. t 

. \  
A new lead in processing as-spun fibers was found during 

the latter part of this investigation, which consists of a 
"wet drawing" step with or without an annealing step. The 
new treatment yields fibers which in practically evety CBSe 
have a higher orientation and modulus (apd generally a higher 
tenacity) than fibers which are' dried prior to'drawing. 

The maximum tenacity for as-spun PRD-27 and PRD-44 has 
been about 7.0 qpd with moduli over 200 gpd. The properties 
of as-spun fiber improve with increasing polymer inherent 
viscosity and decreasing crystalline orientation angle. 
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Other process and polymer variables affecting the 
properties of as-spun fiber includes the following: 

1. Better as-spun €iber properties were obtained from 
dopes containing lesser amounts fpreferably 5%) o f  free 
sulEur tr ioxide. 

2. In general, the lower the polymer inherent viscosity 
the lower should be the acid strength in order to obtain 
satisfactory fiber. 

3. Several spin?dng experiments with varying spinneret 
hole site indicated the properties of as-spun fiber spun from 
a relatively large hole ( 5  mil) were inferior to those spun 
from smaller holes (2 or 3 mil diameter). 

4. Baths with up to 50% ~ 2 s O q  were Pound suitable for 
PRD-27 (ninh 2.5) at 101 solids, but baths containing much 
larger quantities were unsatis€actor~. 

**c  

Very little, if any, degradation or sulfonation oC PRD-27 
or PRD-44 was found to occur durinq the spinning-coagulation 
of the sulCuric acid dopes. Analyses of fibers for sulfur 
showed that a maximum of one out of one-hundred aromatic 
rings could have Seen sulfonated during the complete 
dissolution-spinning process. 

. PRD-27 and PRD-44 gave anisotropic dopes in highly 
concentrated sulfuric acid. Three parameters associated with 
this phenomenon were investigated: 1) polymer concentration, 
(2) acid strenqth, and (3) polymer inherent viscosity. I t  
was found that a minimum acid strength was required in order 
to obtain a liquid anisotropic dope. The minimum acid 
strength Cor PRD-27 (Ninh = 2.71 i s  z. 98.5% H2SO4 (by 
wt.). A slightly higher strength was necessary for PRD-44. 
Anisotropic dopes did not form until a critical mount of 
polymer vas dissolved, This critical amount was higher for 
sulfuric acid than €or anide-salt. The critical amount 
dccrpased sliqhtly wi th  increasing polymer inherent 
viscosity. iCX-803, pp. 2-31, 

157. In Report PR-68-48, issued in 1968, Dair discussed results 

from the previous year. I n  the introduction, he wrote: 

High modulus Eibers are being developed under the PRD-27 
proqram tor use in rigid composites and as tire cords which 
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will be superior to available materials on a cost-performance 
basis.  The PRD-27 program has developed yarn of 
extraordinarily high tenacity and initial modulus (T/Mi = 
20 gpd/1000 gpd) from liquid anisotropic amide-salt dopes. 
The discovery that PRD-27 polymer as well as other para 
aromatic polyamides such as PRD-44, paly(l,4-phenylene 
terephthalamide), gave liquid anisotropic systems in ca. 100% 
H2SO4.'ptovided a lead to a new, inexpensive process for 
spinning, uhich could be applied to a wide range of polymer 
compositions as well as a greatly extended range of molecular 
weights. Both expansions of applicability could yield 
products with improved property levels. (CX-803, p. 2 )  e 

1 5 8 .  The Du Pont report (PR-68-48) dated August 30, 1968 by T.1 

Bair under the subheading -8. Dopes" stated that: 

Early work . . . with sul€uric acid dopes o f  all-para, 
aromatic polyamides dealt with concentrated 
t95-9831H2S04. Solutions of PRD-49 and PRD-27 in 95-989 
H2SO4 are isotropic and have short relaxation times when 
sheared. A consequencec of this behavior is that orientation 
i s  imparted only to the outer portion of  the fiber during 
extrusion and coagulation giving a fiber with a thin, tough, 
highly-oriented skin and-an unoriented core, Anisotropic 
dopes of PRD-27, PRD-44. and poly (2-chLoro-1,4-phenylene 
.ter.ephthalamide), ClPPD-T, in aride-salt solvents develop 
h i g h  orientation under shear, and this orientation is 
maintained in the Eiber during the spinning pcoct-ss 
presumably because of the large relaxation time relative t o  
the coagulation time. 

The discovery that ca. LOOI H2SO4 and fuming sulfuric 
acid jave a n  isotropic dopes with numerous all-para, aromatic 
polyanides *.. led to the present investigation o f  these 
systems. An immediately obvious advantage of sulfuric acid 
as a solvent is the ability to dissolve high molecular weight 
polymer at relatively high solids content ( 1 0 1 ) ;  and a 
primary objective of this research was to exploit that 
behavior by using dopes oE very high inherent viscosity (nnih 
3 . 0 )  polymers. 

Anisotropy Variables - Four parameters were investigated 
to varying degrees: (a) polymer concentration, (b) acid 
strength, (cl polymer inherent viscosity, and ( d )  added 
salts such as sodium sulEate. 
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159. The Du pont report (PR-68-48) dated Auqust 30, 1968 by T . I .  

Bair under the subheading 'As-Spun Fiber' stated in part: ' 

Anisotropic v. Isotropic Dopes - Previous investigations ... with isotropic and liquid anisotropic, amide-saLt dopes 
of PRD-44 and ClPPD-T showed as-spun fiber from anisotropic 
dopes exhibited superior properties to those from compariable 
isotropic dopes. An evaluation of ClPPD-T dopes in DMAc-LiC1 
containing various volume percentages o l  liquid anisotropic 
phase showed that s. 5.0% (or less) of anisotropic phase was 
satisfactory for obtaining superior as-spun properties. 
Unfortunately, all attempts to separate the sulfuric acid 
dopes into two separate phases have failed because of the 
high solution viscosity of these dopes. However, i f  the 
dopes are allowed to stand for several weeks at room 
temperature, a partial separat ion occurs giving a clear, 
isotropic phase and a still very cloudy and imperfectly 
separated anisotropic phase which by visual estimation 
comprises 20-50) by volume of the total dope. 
anisotropic phase in many instances'solidifies on separating, 
indicating its meta-stable nature. 

The 

The difference in solution viscosity o f  sulfuric acid 
isotropic and anisotropic dopes has been noted above. 
extremely high viscosity of the isotropic dopes at high 
solids limited to some extent the range of solids which could 
'be spun conveniently: consequently, most spins of isotropic 
dopes were conducted with E. 5-7% solids. Previous studies 
o f  fibers from isotropic dopes of PRD-27 in 95-981 H2SOq 
are given in Tables VI11 and IX. 
medium molecular weight (ninh 2.0) polymer and gave low 
as-spun fiber properties. Fiber with initial modulus of C> 
400 gpd and tenacity of E. 5.0 gpd could be obtained with 
mltiple annealing (see Table Ix).  Early work with PRD-44 in 
95-96) H2SO4 has been previously reported .... Somewhat 
better as-spun fiber was obtained than with PRD-27 (as would 
be expected from the coagulation studies previously 
mentioned); however, high temperature drawing, at that time, 
gave fiber similar to that obtained for PRD-27 from 95-988 
H 2SO4 . 

The 

This early work used only 

160. In the Du Pont report (PR-68-48) dated August 30, 1968, by 

T.I. Bait the properties of as-spun PRD-27 fiber were shown to be dependent On 

tho strength of the sulfuric acid Data showed a decrease o f  filament tenacity, 
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i n i t i a l  modulus and o r i e n t a t i o n  w i t h  i n c r e a s i n g  a c i d ' s t r e n q t h  from. 9 9 . 7  t o  

104.59 .  I t  was s a i d  a s imilar  s tudy was not inaugurated for P R D - 4 4 ;  that  the  

P R D - ~ ~  dopes !nust be made from higher  s t r e n g t h  S u l f u r i c  a c i d  t h a n  for PRD-27 

i n  order to  o b t a i n  Liquid a n i s o t r o p i c  dopes: t h a t  PRD-44  is Less s o l u b l e  i n  a 

given  sulfuric a c i d  a n d ,  althouqh higher  s t r e n g t h  is  r e q u i r e d ,  p r e c i p i t a t i o n  

a l so  occurs a t  a h igher  s t r e n g t h ;  t h a t  the probable  net result would be t h a t  

PRD-44 dopes can t o l e r a t e  h igher  a b s o l u t e  SO content but  t h a t  r e l a t i v e l y  

higher  SOj  content could be expected  t o  g i v e  d a t a  similar t o  PRO-27: t h a t  

since the p r o p e r t i e s  of  as-spun PRD-44 fiber from an i s o t r o p i c  dope are higher  

than comparable PRD-17r one would e x p e c t  h igher  p r o p e t t i e s  even wi th  a l a r q a  

3 

q u a n t i t y  o l  SO3 i n  the dope: t h a t  an examination o f  the d a t a  in Ta,bles  X I  

and x I I I  tends  to bear out this hypothes i s :  however, o n l y .  up t o  1 O L . L l  

H2S04 was used in PRD-44 s p i n  dopes. fCX-803, # l Z 8  pp. 25-26). 

161. In t h e  Du Pont r e p o r t  (PR-68-48) d a t e d  August 3 0 ,  1968 by T.1-  

Bair under. . .  t h e  sub-headinq 'Bath Temperature" i t  was s t a t e d  i n  p a r t :  

I n  s e v e r a l  s p i n s  o f  PRD-44 from sulfuric a c i d  t h e  
temperature  was v a r i e d  over  a range  o f  30-40°.  Data Lrom 
these s p i n s  (e .q . ,  P328O-47, ~ 3 2 8 0 - 1 2 4 ,  P3326-96 ,  Tables X I  
and X I f I l  i n d i c a t e d  no g r e a t  change w i t h  temperature  in t h e  
20-60°C range. More or less t y p i c a l  results are  shown below 
for s p i n  P3280-124. 

PRO-44 AS-SPUN FIBER DATH TEMP. 

Temperature 

30. 
- 40° 

6 5 O  

0 . A .  - S.S.F. T e n a c i t y  - 
1.8 
4.05 
4.0 

3.8 
3.9 
4 . 4  

n45O 
n45O 
n40° 



Generally, higher spin-stretch factors were obtained at the 
higher temperatures and slightly higher tanacities and lower 
orientation anqles for polymer with' inherent viscosities 
The small amount of date on polymer of very high inherent 
viscosity ( 3 . 5 )  indicated the lower temperature region nay 
give better properties. It was convenient to operate in the 
middlc range ( 3 0 - 4 O o c )  bath as a compromise and because at 
lower temperatures the spin dope cooled as it reached the 
spinneret and became very viscous, thereby requiring very 
SLOW spinning in order to keep the pressure under E- 400 
psi. However, spinning at lower temperatures could be 
carried out with the small geac-driven apparatus where the 
dope remains at room temperatures- 

3.5. 

Table X I  showed the P3280-47 series to be at 12% concentration; the P3280-124 

serves at 11% concentration; and the P 3 3 2 6 - 9 6  serves to LO1 concentration. A 

P 3 2 8 0 - 5 4  was at 15% concentration. The Concentration of sulfuric and was at 

least 99t. (Cx-803, 112 p. 3 0  and Table XI). 

162. Bait in the August 30,1968 report (PR-68-48) found that high 

tenacity, super high modulus f ibers  of PRD-44 could be obtained from 

anisotropic sulfuric ac id  dopes. The best heat-treated filaments of PRD-44 had 
.. . 

tenacities up to 1 5  qpd and moduli of about 900. PPD-T polymers used in this 

work had viscosities in the range o f  3.3. The maximum tenacity for as-spun 

PRD-44 was about 7 . 0  gpd with a modulus of over 200. Bait noted that the 

properties of as-spun fibers increased with polymer viscosity. Much of the 

PPD-T polymer used in the investigation was prepared by Veronika Foldi who 

worked out a simple laboratory procedure which allowed reproducible 

preparation of PPD-T at an level of 3 . 5 - 4 . 1 .  (CX-803, pb 5) 

163.. Bait in his report PR-68-48 dated August 30, 1968 obtained his 

best Cibet properties at 1 0 %  PPD-T concentration, as-spun tenacity up to 7 gpd 

. .  and initial modulus or 200 qpd. These properties were however, inferior to 
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those of PRD-27. (CX-306, pp. 1-2: Xagat, Cx-801, p. 131. 

164. Bair in his report dated August '30, 1968 (PR-C8-48) for code P 

3280-54 sample at 101.26% concentrated sulfuric acid and 15% concentration of 

PRD-44 (Table X I )  showed d resultant tenacity of 3.83 gram per denier, 5.5% 

elongation and initial modules of 174. For 13% concentrations of PRD-44 (Code 

P 3280-75)  (Code P 3326-100) (Table X I )  the tenacities were at Least below six 

fTable XIII).  (RX-134 : Dlades Tr., pp. 800-804)  

165. A Du Pant report (PR-68-110) for the period August 1, 1967 to 

April 1, 1968 (part two) and dated December 18, 1968 by T . I .  Bait stated that 

in contrast to the somewhat Limited solubility of g-aromatic polyamides in 

amide-salt solvents, high molecular weight random copolymers OP PRD-27/PRD-44@ 

PRD-27/ PPD-BB and PRD-44/PPD-BB are very soluble at very high molecular 

weight in % 100% sulfuric acid, 

hydrofluoric acid were said to have been found by others to be powerful 

Other acids such as chlorosulfuric acid and 

solvents as well. I t  is said that it is desirable to use anisotropic dopes 

when spinninq p-aromatic polyamides in order to obtain superior properties: 

that previous work on PPD-T and 1,4B had shown t h a t  an acid strength of at 

least ca. 98.5% H SO was required to give anisotropic dopes of 1,4B of 

inherent viscosity 2.72: furthermore, the acid strength required increased 

with increasing polymer molecular weight: that an acid strength of Cd. 99% 

H SO was found to be required for PPD-T of inherent viscosity 3.32: that 

the maximum solubility in 1 0 0 %  HZSOq of these PPD-T and 1,4B polymers was 

found to be 10.5s and 11.8t respectively: that the solubility is greatly 

increased by copolymerization of all para monomers. Under the subheading. 

"in5erent viscosity" it was stated that the efficacy OC  high molecular weight 

- 2 4  

2 4  
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for sulfuric acid spinning, as against Low molecular weight had been noted in 

previous investigations. An isotropic dope of PPD-1,4B-T [1:3:1) in 95.9% 

H SO was said to give fibers inferior to shore spun from anisotroic 

dopes. (CX-803, 1 14, pp. 12, 14, 15) . 2 4  

166. In the report IPR-68-1101 dated December 18, 1968 by T.S. 

Bait, it was said that previous data on PRD-27 and PRD-44 showed these 

polymers (with viscosity 2.0) no longer gave anisotropic dopes in acid 

strengths much under 99-1001 HtS04; that as one lowered the molecular 

weight the cinimum acid strength required was reduced somewhat but still 

remained % 98% HZS04: that this coupled with the observed increase in 

inherent viscosity at ca. 1008 H2SOq indicated the possibility of a small 

conformational change leading to a less rod-like molecule: that the fact that 

copolymers for3  anisotropic dopes in 95.51 HZS04 (and quite possibly even 

- 

lowe'r acid strengths) lends credence to the hypothesis that PPD-T or ,4B does 

not fotm an anisotropic dope in 'ordinary' concentrated ti SO because of a 

positive interaction parameter. (CX -603, 1 14, p. 26). 

167. Dair in his  report PR-68-110 also wrote: 

2 4  

Although low molecular weight f ... [viscosity] 2.0) random 
copolymers are soluble in msingle" amide solvents such as 
DAMc/LiCl, the isolated, high-molecular-weight copolymers f 
inh 3 . 0 )  were found to be only slightly soluble even in 
the more powerful mixed amide solvents, such as HNPA/NMP/LiCl 
from which clear, flexible f i lms  could be wet-cast. A11 of 
the copolymers were found to be soluble and gave liquid 
anisotropic dopes in L O O 8  H2SO4. 
anisotropic dopes even in ordinary concentrated (95-98% by 
ut.) sulfuric acid. [RX-135, p. 0014958). 

tlany gave liquid 

168, Under Summary and Conclusions in the Bair report [PD-68-110) 

dated December 18, 1968, it is stated in part. 

fn general, sulfuric acid spinning o€ all-para aromatic 
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polya3ides has not given fibers with as high a level, of 
tensile properties as does PRD-27 spun from aaide-salt 
solvents. However, as-spun fiber properties of random 
copolymers were distinctly superior to those of PRD-27 and 
PRD-44 spun from sulfuric acid, The reasons €or this 
superiority are not fully understood, but felt to be related 
to a favorable mode of coagulation oE the copolymer dopes and 
in part to the ease o f  processing dopes of very high 
molecular ( inh 4.0) copolymers. (CX-803, 1 14, p *  1). 

169. Thomas I. Bair testified in deposition testified that in his 

work in 1967 and 1968 he did not heat the dope, the spinneret or the 

coagulation bath. (Bair, Dep. RX-24, pp. 65-66). 

170. A Du Pont report (PR68-65) for the period January - June 1968, 

dated August 26,1968 and by V.S.  Foldi stated in part. 

4,4'-Diaminobenzanilide was copolymerized with 
terephthaloyl chlor ide (T) and/or 4,4'-bibenzoyl dichloride 
(BO) over the range 1/0 to 0/1 T/DB. All polymers had high 
to very high inherent viscosity. Ahisotroic spin dopes in 
99.2% to 100.78 sulfuric acid were wet span into water. 
After annealing at S80-6OO0CJ all Cibers were well or'iented 
(0.A 10-14O), had tenacities 10 gpd, and initial moduli 
(111 1 500 I . .  

, C l t  

2. Spinning 

Anisotropic spin dopes containing 10-118 solids were 
easily prepared in 99.2-100,7% sulfuric acid by stirring 
appropriate amounts of polymer and solvent at room 
temperature in a closed system. The dopes were centrifuged 
before spinning. 

171. A Du Pont report (PR-68-60) for the period January 1968 to 

32ne 1968 and dated August 15,1960 by H. Ilukanal under the heading "Summary 

and Conclusions" stated in part, 

The high level o f  as-spun yarn properties of PRD-27 spun 
from DAMc/LiCl (T/Ni - 10/450) has not been obtained with 
PRD-44 spun from sulfuric acid (T/Mi = 6 / 3 0 0 ) .  tbwever, 
these properties are comparable to PRD-27 spun from sulfuric 
acid indicating deficiencies in the spinning system and not 
in the polymer itself. Photomicrographs of PRD-44 as-spun 
fibers show highly oriented skin and a disoriented core 
accounting for the low as-spun properties of PRD-44. The low 
level of tensile properties is due to poor coagulation which 
should yield to further research. An additional difficultly 
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is th a t  

quisite to high as-spun tensile properties, i s  sensitive to vat 
er content ... and temperature. Anisotropy may be wholly or pa 
rtially lost (disorientation) as water in the coagulating bath 
dilutes the spinning solution, or it may be lost be heat develo 
pment in the cell or in the coagulation bath. 

4 SO PRD-44 solution anisotropy, which is considered a prere 

172. The August 15, 1968 report (PR 68-60) by H. Hukamal under the 

heading "Effect of Acid Strength on Anisotropy" stated in part: 

B. Results 
~~ 

1. Anisotropy-Isotropy Considerations 
The importance of anisotropy to the formation of high 

strength fibers has been demonstrated for PRD-27 in 
amide/salt solvent systems .... It has also been 
demonstrated that sulfuric acid i s  a solvent capable of 
forming anisotropic solutions €or PRD-27 and PRD-44 

Although dopes o f  PRQ-44 can be made in any acid strength 
for 96% to over 102% sulfuric acid the range of anisotropy i s  
very Limited... The following conclusions ..., can be made: 

. .Il,) Delow 99.59 sullucic acid an anisotropic dope cannot 
be made, 

(2.1 The solubility region of PRD-44 (...[viscosity1 = 
3.3) in weak sulfuric acid (99.51-100.01 sulfuric acid iS 
limited to 9.5%-109. Therefore, any dope made up of  higher 
concentration (119 or 12%) has solid particles. 

sulfuric) are not spinnable and contain considerable "gel". 

dopes is lirnited to 99.5-1011 sulEurlc acid and to solute 
concentrations of 9.5-12b. 

(3.1 Dopes made up of strong sulfuric acid ( 1021 

( 4 . )  Therefore, the useful range for spinning anisotropic 

(CX-803, 1 1 5 ,  P p *  1l-12). 
173. The August 15, 1968 Mukamal report (PR-68-60) stated: 

This investigation has demonstrated that ... (2) . . . lower 
coagulating bath temperatures and lover acid strength ... all 
favor h iqher tens  i le proper t ies ; 
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6. The Effect of Bath Temperature and Solvent Acid Strength 
. on Yarn properties 

The two most important variables in the PRD-44/sulfuric 
acid spinning have been pinpointed to bath temperature and 
solvent strength. The eEfect of these two variables is shown 
in Figure 5. Two trends are observed. Stronger yarns are 
obtained at lower acid strenqth of solvent at any given 
temperature. Secondly, colder bath temperatures are 
preEerred. The implications of these observations, primarily 
the former, are that best properties can be expected for 
isotropic dopes if these lines extrapolate linearly (see 
Figures 4 and 5). This point is certainly to be 
investigated. Secondly, the effect of temperature is less 
certain but €or the runs which are reported, a decrease in 
the temperature of the bath is helpful, especially at higher 
acid strength solvent. The different in tenacity, between 
16.C and 4OC increases with increasing acid strength. The 
two lines appear to converqe at the point where anisotropy 
first begins to form at 99.5% sulfuric acid. These results 
suggest that the polymer chains in the fibers are not well 
aligned and that anisotropic-isotropic disorientatins take 
place before the fiber is completely set. Thes'e suggestions 
are reinforced by t h e  skin-core nature of these fibers ... 

Figure 5 show temperature of 4.C and 18.C and solvent strength from 

99.7 to 100.1% H2S04. ICX-803, ppa 2 1  1410 

174. Yukamal by the work reported in h i s  report BR-66-60 

dated August 15, 1968 concluded that the as-spun tensile properties 

of PPD-T were increased to 10 gpd by proper election of coagulation 

bath conditions. However, Or. 3ukamal was not able to obtain 

as-spun properties as good as PRD-27 (1, 481 fiber. Mukamal's 

fibers had very strong and oriented skin rurCaces while the core 

portions were poorly oriented accountinq for the lower as-spun Eiber 

properties. fCX-807, p. 1). br. Mukamal concluded that the "useful 

range. o f  PPD-T concentration Lor these spinning dopes was 

"9.5-121". (CX-807, p. L 2 l b )  (411,  because he had found that the 

solubility range of PPD-T in 99.5-LOOl sulfuric acid was "Limited to 

9.51-101" and "any dope made up OE hiqher concentration (LlI or 129) 

. .  
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has solid particles." (CX-807, p. llfb) (21). ( g l a d e s ,  cx-801, pp. 

175. A Du Pont report (PR 69-6) for the period July 1, 

1968 to J a n u M y  30, 1969 and dated July 1, 1968 to January 30 ,  1969 

and dated June 30, 1969 by M.T. Waroblak under the heading 

.Introduction. stated in part: 

A high tenacity, high modulus Eiber has been a goal of  
pioneering research efforts for the past several years. I 

PRD-27 (poly-1,4-benzamide) has been the leading candidate in 
this area with as-spun yarn properties of TJEiM1 = 
10/6/450 and 18/2/1000 when heat-treated at 600'. However, 
the estimated selling price at 201 return on investment was 
almost $1.00/lb more than the minimum price necessary to 
capture the 100 MI lb/year market opportunity indicated by 
IPRL for a high performance tire yarn. 
estimates showed that PRD-44 (poly-p-phenylene 
terephthalamide) could capture this market because 
polymerization intermediates lPPD and TC1) were almost 
Sl.OO/lb cheaper than P-3 (p-aminobenzoyl chloride 
hydrochloride) used in the polymerization of QRD-27. 

In contrast, cost 

fn the past, work on PRO-44 has been nainly concerned w i t h  
spinning redissolved polymer from H2SO4 and HF. Although 
prdperties were much lower than PRD-27 spun from DAMc, these 
studies clearly showed that PRD-44 and PRD-27 gave similar 
properties at a given inherent viscosity. Furthermore, 
similarity in structure strongly suggested that QRD-44 had 
the potential of obtaining the same high tenacity and modulus 
lsvals as PRD-27, These facts led us to scout for a suitable 
amide solvent/salt system in which PRD-44 could be prepared 
and spun. T. I.  Bair, who carried out most oE the early work 
on PPD-T, had found several solvent mixtures for isolated 
polymer,.,. Our approach was simply to apply recent PRD-27 
technoloqy particularly neutralization with LizCOj to the 
preparation of PRD-44 in these and other anide solvent 
systems 

176, A Du Pont report (PR-68-140) €or the period June 1968 to . 

November 1968 and dated February 27,1969 by H. 9ukamal under the heading 

" In tr oduc t ion" s tated : 

PRD-27 IpoLy-1,4-benzamide) is currently being developed 
at Pioneering,as a low density, high strength, high modulus 
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fiber for plastics reinforcement applications. Xhile as-spun 
PRD-27 yarn (Ten = 11-12 gpd, Hi - 450 gpd) perfOtm8 
exceptionally well as a tire yarn, its high cost, primarily a 
result of high intermediates cost, may limit its acceptance . 
in the tire cord market. PRD-44 (poly-phenleneterephthalamide) 
is a potentially cheaper candidate due to lower monomer cost 
(savings of 1.00 Lb of po1ymer. 

Attempts have been made to determine if PRD-44 is capable 
of reaching the high tenacity, high modulus levels OE 
PRD-27. Since PRD-44 had not yielded to dissolution in 
amide/salt systems (from which PRD-27 i s  spun) spinning has 
been restricted to stronq acid solutions. (e.g. H2SO4, 
IrF) .  High tenacity yarns were not obtained but this was. 
attributed to the acid solvent systems since high PRD-27 
property levels could not be achieved either. The recent 
discovery that high molecular weight PRD-44 could be prepared 
in and spun from HMPA/NMP gave us the €itst opportunity to 
determine the potential of QRD-44 from a solvent system which 
was similar, though not identical, to the PRD-27 system, 

Under "Summary and Conclusions' it stated in part: 

A recent spin of PRD-44 spun into a coagulating bath 
containing HMPA, NMP and - LiCl gave high tenacity, high 
modulus yarn (T/E/M1 = 11.4/6/300), thus proving PRD-44 is 
capable of achieving PRD-27-like properties. The addition of - salt to the coagulating bath appears to be a prerequisite to 
reaching this tenacity level since without it the highest 
property level achieved under a variety of spinning 
conditions was T/Ml = 9/300. This lead is being actively 
pu r sued. 

177. A Du Pont report (PR-69-43) €or the period August 1968 to 

January 1969 dated August 25,1969 by J .A .  Pitzgerald stated that: 

. .  

PRD-27, poly-l,4-benzamidec has generated considerable 
attention PRL due to its high as-spun yarn tensile properties 
(T/E/Mi = 12/7/4501 and the fact that it can be heat 
treated to a very high tenacity, superhigh modulus. fiber 
(T/E/Ml - 18/2/1200) , PRD-44, PPD-T (poly-para-phenylene 
terephalamide), had previously been shown to yield spinnable 
solutions from in situ polymerization of PPD and TCl in mixed 
amide solvents..., Since the AAE polymer has potentially the 
same type o.f fiber properties as PRD-27, and represents a 
savings of approximately SL,OO/lb in monomer costs, it became 
a logical alternate to PRD-27. Previous attempts to wet spin 
the in situ polymerized solutions (hexamethylphosphoramide/N- 
methylphrrolidone-2 solvent) into water as coagulant had 
resulted only in weak, chalky, defect-ridden fibers having 
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T/E/M~/o.A. (filament) of 6.2/6.0/230/3S0 .... Clearly, a 
different mode of  coagulation was needed to demonstrate the. 
potential of P R D - ~ ~  in rubber and plastics reinforcement 
appl icatims . 
The objections of the report were: 

1 .' .. fnves t iqate non -aqueous coagulants as a route to 
Sttong,, tough yarn from PRD-U4/H!!PA/NMP spin dopes. 

2 .  Gain insight into the coagulation mechanism of PRD-44 
dopes spun into aqueous and non-aqueous spin baths. 

A severe limitation o €  this process was the slow speed at 
which fibers with these properties could be produced ( 2 0  spin 
jet velocity with a spin-stretch factor of 1.5). 

( C X - 8 0 3 ,  1 18, p. 1; C X - 8 0 3 ,  p. 6). 

178. A Du Pont report (PR-69-15) for the period August 1968 to 

March 1969, dated July LO, 1969, and by F.L. Killian stated in part: 

7 .  Anisotropic Dopes 

when PRD-44 polymer it dissolved in highly concentrated 
sulfuric acid, it forms anisotroic dopes at solids 
concentrations above a certain level. 
investigated the effect of polymer concentration, acid 
concentration, and polymer inherent viscosity on the 
formation of these dopes .... I f  the critical concentration 
is defined as the minimum polymer concentration necessary to 
form an anisotropic solution, then this has been Eound to be 
almost independent of the acid concentration once the minimum 
H2SO4 concentration is exceeded. However, the critical 
concentration was tound to be dependent on molecular weight 
(inherent viscosity) of the polymer. 

PRD-44 ol higher molecular weight than had been previously 
evaluated in this respect, we determined the critical 
Concentration of PRD-44  with inherent viscosities of from 
4.35 to 6.3 in 100.3% H2SO4. 
and plotted in Figure 4, including the points obtained by T. 
Dair. Previous results had indicated that the concentration 
O f  poLymer necessary to Lorm an anisotroic solution would 
decrease as the molecular weiqht of the polymer increased. 
The present results show that the critical concentration 
levels off at about 8% solids for polymer with inherent 

T. Bair has previously 

Since we have preparecl 

The results are in Table X 
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viscosities from 4-6, In addition to the titration technique 
of T. Bair used to determine the above values, a solution of 
PAD-44 with [viscosity]... = 6.31 was prepared directly at 8% 
solids. This solution was isotropic, confirming that for 
PRD-44 with [viscosity aboutl... 6 the critical concentration 
remains above the 88 solids levels. 

In contrast to these results, polymer with [viscosityl... 
= 12.4 formed an anisotropic solution in 100.25t H2SO4 at 
both the 8% and 7! solids level on a small scale in a test 
tube.. This may indicate that the critical concentration does 
decrease gradually at higher molecular weights. 

C. Discussion 

The use of concentrated sulfuric acid ([aboutl... 1001) as 
a solvent for wet spinning of high modulus aromatic polyamide 
structures would appear to have two distinct advantaqes over 
spinning from amide/salt solvents: 1)  capability to spin much 
higher molecular weight polymer, and 2 )  preparation of 
spinning solutions containing higher percent solids. Present 
amid? solvents for the spinning of PRD-44, for example, have 
been restricted to polymer with [viscosity less than a equal 
tol... 5, whereas PRD-44 with inherents as high as 6.5 have 
given spinnable dopes in H2SO4. 
sulfuric acid as a solvent can be utilited,.a definite 
property advantaqe of high molecular weight will have to be 
demonstrated. Although tenacity increased with the inherent 
viscosity, it i s  still at a level below what may be obtained 
from spinning comparable molecular weight polymer from 
amide/salt solvent. In other words, a higher inherent 
viscosity polymer must be used in sulfuric acid spinning to 
obtain the same tenacity a v a i l a b l e  f rom lower inherent 
viscosity polymer in amide/salt spinning. Although fibers 
obtained from sulfuric acid are lustrous and tough, they are 
not completely homogeneous. Imperfections in the form oE 
incursions are still present in most fibers, and may be 
limiting properties. At the present time there seems to be 
insufficient data available to decide whether there are any 
other advantages to h i g h  molecuLar weight. Ad3itional work 
will have to be done i n  this area, 

Before this advantage of 
' 

Although PRD-44 solutions in sulfuric acid can be prepared 
a t  hiqher percent solids than are possible in amide/salt 
systems, these solutions are much more viscous than those 
normally encountered i n  wet spinning. Anisotropic dopes can 
be prepared in the region from about 8-10% solids, and the 
viscosity of these solutions is highly dependent on polymer 
inherent viscosity. 
[viscosity aboutl... 4 are  f l u i d ,  but the description of a 
dope prepared from polymer with nn 6 would be more l i k e  a 
"dough". These dopes can only be spun by using pressures 

Dopes prepared from polymer with 
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above 1000 psi and a t  slow delivery rates. under out 
spinning conditions, a dope consisting of  polymer with 
[viscosity]... = 6.4 at 101 solids vas spun at the rate o f  
less than 3 ml/min through a 500-hole 1.5-mil spinneret, 
giving a jet velocity of 18,s ft/min, The pressure required 
to extrude this dope was 1350 psi. A filter pack consisting 
of a .Itf-mesh stainless steel screen and a 3-micron porosity 
polypropylene felt was used in the spinning of the dope. It 
seems likely that in order to continue spinning high 
molecular polymers from sulfuric acid, spinning equipment 
capable of uithstanding higher pressures should be designed. 
It would also be useful to have the necessary equipment 
designed for preparing and handling viscous sulfuric acid 
solutions. 

179. Killian in his report PR-69-15, dated July 10, 1969 stated in 

part: 

Wet Spinning of 11zs04 - solutions 
High molecular weight PRD-44 dissolved in concentrated 

sulfuric acid (n 1ClOb) to form anisotropic solutions at from 
8-111 solids which were wet spinnable. Delivery rates were 
low In 20 fpm) due to the high bulk viscosity 30O0-1OrOOO 
poise) of  these solutions, Lustrous, high strength fibers 
cou'ld be prepared by spinning through very small hole Site 
spinnerets (i.e., 500-hole 1.5-mil) into iced water baths 
(temp. 5°C). Yarn properties as high as T/E/M/i/Den = 
12.0/5.9/361/942 were obtained Erom polymer with n 6.4. 
fRX 2019 at 0023690). . 

1. 

2. Dope and Spinning Varibles 

Since previous investigations had determined the effect O C  
certain dope and spinning varibles on fiber propertiesr no 
attempt was made to Eurther investigate all these 
parameters. For these variables we chose to select the best 
conditions, and used those throughout most of the program. 
From previous results it appeared that changing sulfuric acid 
concentration docs not qreatly affect fiber properties as 
l o n g  ds anisotropic dopes ace formed. Thus in this 
investigation sulLuric acid ranging in concentration from 
99.7-100.6k was used. Host of the dopes were prepared at the 
1 0 1  solids level, althoqh a Eew were prepared at 9% solids 
leve 1. 

(CX-803, 1 30, pp. 2, 11). 
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180. Killian also in h i s  report PR-69-15 dated July 10, 1969 stated: 

a. Spinneret and Bath Temperature 

It has now been shown that hole size is important in 
determining fiber structure, but that bath temperature must 
be as low as practical in order to observe this effect. When 
PRD-44 was spun into aqueous baths S a c ,  lustrous fibers were 
obtained. As the temperature of the bath was raised, fiber 
luster decreased until dull, delustered fibers resulted at 
r o o m  temperature. 

181. Dr. Killian in the work reported in his report PR 69-15 used 

vcry,high molecular weight PPD-T (inherent viscosity above 4 and as high dS 

13) and his spinning solutions contained 101 PPD-T in approximately 1 0 0 1  

sulfuric acid. Killian however encountered very significant processing 

problems -- very high viscosity of the spinning solution (10,000 poise or 

about 100 times more viscous than PRD-27) , very low spinning speeds (20 

Eeet/minute) and the need to use very small spinne'ret holes (1.5 mil diameter) 

to minirnize fiber inhomogeneity. The dopes were so very viscous, that, SOmC 

were like "dough". Dt .  Killian noted that these dopes "can only be spun by 

using pressures above 1000 psi and at slow delivery rates". (CX-808,  p .  23). 

In %arch 1969 this campaign vas discontinued. (Blades, CX-801, pp. 14-1s). 

1 8 2 .  A memorandum dated Dec. 9, 1969 from A.J. De Dominicis to ROE. 

wilfong on PRD-44 Sulfuric Ac id  Spinning referred to the mention by Wilfonq 

that the solvent power of suLEuric acid may be so high as to prevent. the 

formation of PRD-44 liquid crystals and thus the potential of this system for 

preparing h i g h  tenacity, h i g h  modulus as-spun fibers may not have been 

assesed. I t  was said that Du Pont's best fiber properties (T/E/f.!/Den - 
12/5.9/360/942) were achieved with anisotropic sulEuric acid dopes: that in 

order to make these solutions i t  was necessary to use H2SOq which 
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contained Less water than the usual commercial sulfuric acid solutions ( 9 8 % ) :  

that Wilfong's comment ceqarding the addition of water to achieve anisotropy 

and consequently reduce bulk viscosity, which is a serious draw-back of this 

system f 30,000 poise), is contrary to what was actually found, that his 

suggestion that salts he added to decrease bulk viscosity had already been 

tried with a variety OE salts being added to both the spin dope and 

coagulating bath  and that any improvements, if any, on performance were 

small. Additional information was said to be obtainable from T.I. Bair, 

PR-68-48, 68-110, H. Mukasal, PR-68-60, and F.L. Killian, PR-69-15. (RX-62) .  

183. On page 3 of a copy of the December 9, 1 9 6 9  memo Erom 

DeDominicis to Wilfong, Magat Wrote "air gap may do better" (Magat, Tt. p. 43). 

161. In the Dec. 9, 1 9 6 9  memo dE DeDominicis to Wilfong the 

following advantages of a PRD-b4/H2S04 VS.  PRD-44/Amide System were set 

Eorth : 

1. 

2. Nigher E1W Polymer 

High Tenacity - with High Elongation . .  . 

- Improved Creep, Pioneering Flex Lile, 
3. Higher Solids 

4. Compact, "homogeneous" Fibers 

5. 

6. No s a l t  extraction; inexpensive solvent 

7. Solvent Recovery 

lfiqh T/High M HT Fibers 

The following disadvantages weft noted: 

1. Higher Wf Required to Achieve equivalent Ten 

2.  Hiqh, Bulk Viscosity 

3. L o w  Delivery RAteS 

4 .  Hiqh ninh "Thermal" Polymerization polymer prepared in (HMPA/NMP) 
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5 .  tow Dcnier VersatiLity 

Small Iloles, LOW SSF 

(RX-62) 

185. AS reported i n  a November 2 3 ,  1970 P.S. Antal memo t o  J . R .  

Weinlich i n  l a t e  1969 and early L970 the assignment o f  Antal t o  the PRD-58 

(PRO-44 (PPO-TI) project was t o  E i n d  leads t o  improved spinning of PRD-44 

amide solvent dopes , aiminq a t  high , reproducicle yarn tenacity. Anta1 

reported his supervisor, H. Blades, scouted spinning of these and 

low-concentration It SO /polymer systems. He found a 10% PPD-T/H SO 

dope of B l a d e s  t o  contain about half isotropic phase: the obvious conclusion I 
2 4  2 4  

t3et  much higher concentrattons could be dissolved for better spinning was 

discussed w i t h  H, Blades (3/19# 3/23,  4/8/70, NB (notebook) P-4037-33): a lso  

the design o f  a polymer dissolver,  using reciprocating flow to m i x  such h i g h  8 

dopes adequately (= H. Blades t w i n  cylinder extruder). Antal had previously 

made and extruded anisotropic "281 2-T/HZS04' dope (10/16/69, NB 
. . : 

e-3271-142)# studies phase changes in 158 PPD-T/HzS04 11/15/70r NB 

P-4077-3) and recommended spinning o f  higher concentration amide dopes 

f2/6/70, P-4078-85). 

recommended ( 3 / 2 3 / 7 0 ,  P-4078-101) . (RX-161) 

NMR study oE PPD-T/H2S0,, phase changes was 

186. Blades test i f ied that it was his feeling that Antal had not 

made the suqqestion t o  B lades  to use higher concentrations o f  PPD-T i n  

sulfuric acid. On a copy of the Antal Nov. 23, 1970 memo to  Weinlich, there 

i s  a note by-Nagat dated Sept. L, 1 9 7 1  to  the e f f e c t  t h a t  Antal  was reporting 

to  Blades: that Blades discussed some of h i s  a c t i v i t i e s  w i t h  Antal and gave 

Antal some of his spin dopes for examination; that  Blades d o e s  not remember a 

direct  suggestion of A n t a l .  The note is unclear as to  what the suggestion is 

(RX-82:  Blades TI. pp. 814-818) 
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187. I n  deposition Antal testified that on 3/19/70, 3/23/70 and 

4/18/70 he discussed with Blades concentration of PPD-T in sulfuric acid at 

concentrations higher than 10 percent. Antal was then vorking for Blades. He 

testified he probably discussed with Blades heating the PPD-T sulfuric acid 

system to increase the amount of soluble polymer but that Antal's main point 

was the diEf.iculty of mixing the system with respect to the 15% PPD-T sulfuric 

acid system referred to in Antal's NOV. 2 3 *  1970 memo. He was not sure i f  he 

made the solution up or received it from somebody else. Antal testified that 

96 percent represents ordinary commercial grade sulfuric and that he did heat 

the 158 PPD-T sulfuric acid system up to 70 degrees. In heating, Anta1 

converted the system from an anistoropic system to a totally isotropic 

system. A notebook entry dated 5/4/71 of Antal stated that when he first 

suggested the spinning of 20 percent PPD-T/HzS04 to Blades, Antal assumed 

that wet-spinning could be used as well as air-gap spinning. The air-gap 

feature, . .  although convenient, was said to bo incidental. (Anta1 Dep., RX-23* 

pp. 78-82, e8-96, l o o - 1 0 1 ) .  

198. A Cellura report (Cellura Report PR-71-40, RX-79) relates to 

preparation of  certain polyamide copolymers. Page DO19062 indicates that a 

copy was distributed to "T.F. Patent Division Files." Under the heading 

"Patent Situation" (p. 0019066) it is stated: 

Both (PPD-8)-T and PPD:T:B fibers having high nodulus are 
included in 10-1031R-1 IKwalek '5421. Air-gap spun fibers ' 
will be encompassed by applications Q-1123A (Blades 
'7561 /1127. Mansanto holds a patent on (PPD-B)-T polymer 
(U.S. 3,354,125/1967) and has disclosed fibers in patents and 
publications. 

The Celiira report, wh ich cove rs the period August 1970 through February 1971, 

deals with the preparation of and the wet and air g a p  spinning o f  4,4'-DABT 
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termed also (PPD-D)-T and random copolymers o l  like I,J'-DABT, termed 

PPD:T:B. The report indicated that excellent fibers were produced by air gap 

spinning those polymers in 99+% sulfuric acid: 

These polymers were air-gap spun from 99+$ sulfuric acid 
and coagulated in water. Under these conditions, high to 
superior tensile properties were obtained (filament T 
18g/d). ... Preliminary evaluation o f  dipped cords has shown 
PPD:T:B (43:43:14) to be superior to NP-9 [PPD-TI in 
performance. (RX 79 p. D019063). 

(PPD-B)-T was prepared over an inherent viscosity range o f  
2.0 to 7.5, air-gap spun from 99+% sulfuric acid and 
coagulated in water. Properties were high with Pilaments 
reaching a tenacity level of 17.0 g/d. (RX 79 p. DO190631 

t 

It has been demonstrated that fibers obtained from air gap 
spinning nf sulfuric acid solutions of PPD-T are far SUpetiOC 
to those processed via normal wet spinning. It follows that 
the extension o €  this process to other polymer systems could 
be equally a$ beneficial and possibly produce alternate 
candidates to PPD-T for tire cord (NP-91, as well as 
composite (PRD-44-111) and body armor (PRD-59) materials. 
Based on earlier performance in wet spinning (PR-68-65: 
PR-68-110) and investigation into the properties of  
copolymers (PPD-B)-T and PPD:T:B ( X : X : Y )  seemed appropriate. 
Furthermore, the characterization of these polymers was 
needed to assist the definition of new process and product 
patents. (RX-79 p. ~ 0 i 9 0 6 4 )  

The spinning of (PPD-B)-T and PPD:T:B (up to 30 mole B) 
from sulfuric acid with an air gap produced fibers with 
improved properties relative to those obtained from normal 
wet spinning. (RX-79 p. 0019064) 

t t 

A t  room temperature anisotropic spin dopes can be prepared 
from 20% solids in 99+$ sulfuric acid. (RX-79 p. D019071) 

t t 

The best filanent properties obtained were T, 17.4,; E, 
3.9; Mi, 618 and KTO, 0.406. The tenacity and modulus Values 
are much higher than those obtained from normal wet spinning, 
i.e., T, 6.4; and Mi, 173. Even polymer with low molecular 
weight ( 2-01 produced improved fibers T, 13.7; E, 3.2; 
Vi, 611; and WTB, 0.233. (RX-79 p. 0019072) 

4 
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1. Spin w p e s  

When prepared at room temperature, two types of spin dopes 
were observed. The first type, from polymer with 
5.0, were stiff, non-fluid putty-like substances which became 
fluid uniform dopes only upon heating and mixing. 
examined on a hot stage microscope, the uniform dopes 
remained anisotropic up to 125' at which temperature the 
observation was terminated. The second type of dope resulted 
from polymer with 4.5. When preparation was initiated at 
room temperature (actual dope temperature -60'1, these dopes 
were fluide and showed d pearlescent sheen when stirred. 
AEter mixing, uniCorm dopes were obtained in which the 
anisotropy was equally persistent. ( R X - 7 9  p.  0019073) 

When 

c t c c 

2 .  spinning 

Air gap spinning from sulfuric acid of these polymers was 
consistently smooth and produced fibers with high-to-superior 
tensile Properties ( 1 5  or = or = 34g/d). ... Spin stretch 
factors (SSFI varied from 1.0 to 10.0. For polymer with ninh 
5.0  SSF of 5 to 6 produced superior properties. Coagulation 
of the fibers was accomplished by jetting into water at an 
average temperature of  4'C. (RX-79 p. DO190741 

t t * t 

3. Fiber Properties., 

Polyer compositions ranging from 5.0 to 30.0 mole (i 1,4B 
gave hiqh-to-superior fiber properties when air-gap spun from 
sulfuric acid. (RX-79 p. DO190741 

. .  

189. It was known within Du Pont before December 1969 that the 

tenacity of p-aramid fibers was related directly to the spinning stretch 

factor (SSF) at which they were prepared. (Mukamal report PR-68-140, RX 463 

p. 0023555-6) The relationship between tenacity of such fibers and the 

spinning stretch factor (SSP) was also known to be linear, i.e., that tenacity 

increased with increase in SSF, prior to December 1969. (Schaefgan Laboratory 

Motebook P - 3 4 7 1 ,  RX 2170 p. 0018907). 



190. Du Pont included copolymers like 4,4'DABT in its aramid 

development program. V . S .  Foldi prepared such copolymers in 1968. She spun 

fibers from anisotropic dopes usinq 100% sulfuric acid and obtained tenacities 

and moduli of-6.4 and 171, and 10.0 and 827, for as-spun and heat-treated 

fibers, respectively. (Foldi Report No. PR-68-65, RX 258 p. D025840, Table 

111). Fo15iJs work was incorporated in Kwolek's '542 and ' 5 8 7  patents as 

Example 31. (z. RX 258,  Table 111, With Kwolek ~ 5 4 2 ,  RX 164, Examples 31-35, 

col. 51, Line 21, et. seq.) Bair prepared random copolymers like 4,4'-DABT in 

sulfuric acid in 1968. Bait spun "high" tenacity and "super-high" modulus 

fibers Erom 4,4'-DABT/H2S04. 

(tenacity/modulus) for as-spun fibers to 20.1/1069 for heat-treated fibers. 

His properties ranged from 11.3/243 

(Bait Report No. PR-68-110, RX-135 pa DOli957-8, DO14970 and Table V f f ,  

notebook code P3381-88A). Bair's copolymers like 4,4'OABT were also 

incorporated into Kwolek's '542-and ' 587  patents as Examples 12, 13, and 140 

(Dair Repoqt PR-68-110, RX-135,at D014959, and Cf., e.g., Table IV, notebook 

code P3381-84, with Kwolek '542, RX-164, col. 35, 1, 62; and Table V f I ,  

notebook code P3381-88AI uith RX 168, col. 35, 1. 69). 

191. A Du Pont report (PR-70-1141 for the period April 25, 1970 to 

December 1970, dated February, 1971 by J. A.  Picard,stated in part: 

INTRODUCTION 

When PPD-T (the polymer of PRD-58) powder is mixed in 
about a 20/80 ratio with 1008 sulfuric acid, a doughy mass is 
formed. By jetting or extruding this dough back and forth 
between two heated piston-cylinder sets, H. Blades refined it 
into a liquid spin dope. 
could be installed to scale up the process, F. L. Killidn 
showed that continued hot stirring i n  a resin kettle (lOO°C), 
could also refine the dough to a spin dope consistency, But, 
severe polymer degardat ion was .observed due to prolonged 
heating needed to make a fluid dope with the low shear 

Before larger hydraulic cylinders 

t 
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stirrer used. The objective oE the work described in this 
report was to identify suitable equipment for P R D - 5 8  dope 
mixing and spinning needed for rapid scale up of yarn 
preparation lor product assessment, 

***  

SUMMARY AND CONCLUSIONS 

Equipment was successfully demonstrated to mix PRD-58 dope 
and to spin yarn required for product evaluation. (1) A 
kitchen type cake mixer used in a dry box was found workable 
for quick incorporation of sulfuric acid and PPD-T polymer 
powder into a roughly mixed dough. The W h P twin screw. 
extruder at EDL was found to be capable of refining the 
roughly mixed dough into a good spin dope. 
was found satisfactory for pumping P R D - 5 8  dope through a 
filter pack and spinneret (Tower 10). “Dynalloy“ stainless 
steel filter sheeting was found to be an effective filter and 
provided significant improvement in spinning continuity. 
These elements were successfully combined by M. T. Waroblak 
rho used the kitchen mixer to prepare PPD-T/HzSO4 
“premix” which after freezing and granulating was fed to the 
EDL extruder to give a continuous stream of smooth uniform 
dope. The dope was pumped via a nylon melt pump to a 
spinning head connected with the extruder, filtered through 
”Dynalloy” filter sheeting and extruded to give poundages of 
P R D - 5 8  yarn of good quali’ty. ( 2 )  A Ross planetary batch 
mixer was shown to be effective for preparing PRD-58 spin 
tfOpe, and able to mix the dope under vacuum. These deareated 
dopes were spun by C. Shambelan and C. D. Forsythe using the 

high quality yarn. 

A nylon melt pump 

’ above pump and filter system, yielding poundages of uniform 

On the basis of experience with the above mentioned 
equipment, the requirements for good PRD-58 spin dope mixing 
may be summarized as follows: (1) The mixing action must be 
intermeshing or self-cleaning with no dead zones, otherwise 
Some large lumps of polymer or dough will remain undissolved 
or unmelted, regardless of temperature. ( 2 )  The nixing must 
be under vacuum or followed by an efeective deareating stage 
in order to avoid spinning discontinuities and Eilament 
defects. (3) The mixing shear must be as intensive as the 
best quality kitchen and bakery dough mixers provide. 
intensive action will not provide a smooth dope quickly 
enough to avoid serious degradation. 

Less 

Additional metering, mixing and windup equipment 
specifically designed fbr P R D - 5 8  has been tested and will bo 
described in a forthcoming report. 

( R X - 2 1 5 1 ,  pp. 1 - 2 ) .  
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192. A Du Pont report NF-9-71-47 for the period Jan. 1971 to August 

1971, dated !larch 15, 1972 by D.E. Plorde and D.R. Breslaw stated in part: 

ABSTRACT 

NP-9 spin solutions must be deaerated prior to spinning in 
order to achieve spinning continuity and defect-free yarn. 
Yarn properties and detect ratings are a function of extent 
of deaeration. The density of solidified spin solution 1.4 1 
sensitive measure of extent of deaeration. 

Continuous deareration o f  NP-9 spin solution was 
demonstrated with a simple Stirred, evaluation tank, and an 
in-line deaerator -blender was specified €OK the Sptuance 
Market Development Facility. Two other types of thin film 
evaporators - Artisan's "Rototherm" and Cornell *Versator" 
were found to be less satisfactory in this application. 

As Artisan Industry "Rototherm", a wiped tilm evaporator, 
was evaluated as a back-up candidate for continuous NP-9 spin 
solution deareration in the 2-1 MDF. This equipment was 
successfully tested at a variety of conditions and resulted 
in consistently well deaerated spin solution (densities in 
1.77-1.79 gm/cc in many cases). One problem with this 
equipment is the high temperatures resulting from the high 
shear rates (about 400077000 sec-I) leading to significant 
inhorent viscosity loss (6-101 ninh loss in the best case). 
This problem appears solvable with proper balance of  jacket 
temperatures (1O-1S0C coolant was the lowest used in these 
tests), throughput, and rotor to wall clearances. This 
equipment would involve relatively higher investment compared 
to the simpler Blender-dcaerator and therefore was dropped. 

(RX-347, abstract: p. 2). 

193. A Du Pont report €or the period Harch 18, 1971 to November 1 0 ,  

1971 (part time) dated February 25, 1972 by L. W. Culrich stated in part: 

A n  STRACT 

The effects of potential variables in the NP-9 process on 
yarn defects have been investigated. The most significant 
cause of defects is a i r  or other gas in the spin dopes. 
Degassing to a spin dope density of 1.70 g-~rn'~ (solid dope 
at r o o m  temperature) leads to yarn with acceptable defect 
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rat ingsl  b u t  degassing to  a s  h i g h  as 1 . 7 5  g - ~ r n ' ~  may be 
needed longer range. Totally degassed dope density = 1 .78  
g-cmV3 may be needed longer range. 
density = 1.78 g-cme3. 
only Na2SO4 and, possibly F e 2 f S O q ) j  have been shown 
to cause defects ,  However, presence o f  tra2SOq has been 
determined t o  be unlikely because the reaction N a C l  + 
H2SOq to  form Na2SOq apparently does not occur in 
s p i n  dopes (NaCl would be a Contaminant resulting from 
underwashed polymer). 
of low solubil i ty leading to excessive f i l t e r  b l i n d i n g  and 
w i l l  not be signif icant as a defect-producing aqent. 
Incomplete drying ( 5% H20)  a t  h i g h  temperatures 160'C) 
is also a source o f  defects w h i c h  appear as  longitudinal 
s l i t s  resulting Erom d i € f e r e n t i a l  shrinkage between a "wet" 
core and arid skin. No defects of t h i s  type have been 
observed thus far w i t h  Current MDF d r y i n g  conditions (145't 
10% H20) but  these conditions are close t o  those w h i c h  can 
cause defects and should be watched carefully.  

Totally degassed dope 
O€ possible polymer contaminants, 

Fez(SO3 w i l l  be minimized because 

,I ' I  1 1' 

(RX-322 ,  t i t l e  page) 

The 2-Market Development F a c i l i t y  Basic Date Manual dated December 

1 0 ,  1 9 7 0  and referring to the "Spruance Fibers Plant" and in a section 

"2-1 Basic Data PPd-T Polymer/PS-3 Yixing" dated Feb. LO, 1971 referred 

to.polymer from the polymer blonding t a n k s  and ei l tered acid from the 

a c i 3  storage area being metered into a Readco continuous processor, 

mixed ,  deareated and then transferred to the spinning booster pump. I t  

s t a t e s  i n  part: 

Deaeration o f  spin dope is required based on t e s t s  
conducted. Deaeration i s  necessary from the standpoint of  
both s p i n n i n g  continuity and yarn defect content. 

(RX-445, pp. TC52346,  T C 5 2 4 6 1 ,  TC52466)  * 

194.  The PIDF-T Market Development F a c i l i t y  Basic Data Manual i n  a 

. section dated May 2 9 ,  1971 provides a design of a blender deaerator (RX-445, 

P o  TC 52478. Du Pont's Gulrich recommended t o  management and to Janis a 
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minimum bulk density (Gulrich Dep., RX-33 pp. 25, 311, specifically that a 

dope density of 1.76 be used as a Specification.. (Gulrich Dep., RX-33 p. 

83). He testified rurther that deqasification vacuum means were employed on 

MDF-I and MDF-I1 facilities. MDF-11 vas a large pre-commercial plant. Janis, w 

editor of the. MDF-I (RX-445) and NDF-I1 (RX-446) data nanuals, testified as to 

the use oE deqasification, i.e., deaeration means, at MDF-I. (Janis Dep., 

RX-36 pp. 157-158). 

utilization of degaification equipment as being "required' with a target 

The 1979 Commercial Data Plant Manual shows the 

density oE 1.77 g/cc, ( R X - 4 4 7 ,  pp. TC51797, Tcs2054) Gallini testified that 

the preent commercial plant uses degasification of dopes. (Gallini, Dep., 

RX-2202 p. 3 0 ) .  DeDominicis testified at his deposition that deaeration of 

spinning dopes was critical in order to assure consistent Eiber properties and 

t h a t  Du Pant deaerates dopes before it commercially produces the PPD-T 

Oilaments. (DeDominicis Dep. , TX-31 p. 174). 

195. Inventor BLades testified at the hearing that 'there wet@ . .  
reports or conclusions reached in reports made during the development stage 

when it was asserted that it was necessary to deaerate the dope at least down 

to some minimum level," but that he did not find deaeration "necesary in' 

laboratory experiments." (Blades, Tr. p. 821) Blades indicated that he 

believed NDF-I and 3DF-ff "had deaeration EaciLities." (Blades Tr. p. 821) . 
Dr. ?lagat agreed that it was recognized inside Du Pant that it was either 

desirable OK necessary to deaerate the spinning dope bePore extruding it but 

he said it was a "standard thing one does'. (!lagat, Tr. p. 576). 
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136. The Blades ' 756  patent provides that :  

It  has been found advantageous,in some instances  t o  
dearerate the l i q u i d  dope a t  reduced pressure pr ior  t o  
8 p i n n i n g  . 

(CX-6, RX-57, C O ~ .  6 ,  1s. 73-75). 

19.7. Du Pont's John B. C a l l i n f  who worked on Du Pont's plant 

designated MDF-1 and has worked on' the present commercial p l a n t  f o r  "KEVLAR" 

t e s t i f i e d  I n  deposition: 

Q The spinning r a t e ,  w i n d  up r a t e ,  if you know? 

A Well, r i g h t  now we're -- our nost common denier product is 1,500 
denier and that ' s  be ing  wound up at  yards a miniute. 

Q Is that what the plant was designed to  produce? 

A Eventually we' l l  be r u n n i n g  at yards a minute.  

4 Is the plant operable a t  yards per  minute? 

A Well,  T t h f n k  the mechanical equipment i s  not capable of  going 
I ywds a mfnute a s  i t ' s  constructed r ight  now. 

nid you say it's designed to go 'but  -- 
A 

I Q But i t ' s  presently going Is that  correc t?  

- A .  
9 A l l  r i g h t .  Was i t  your test imony that you were involved i n  IIDF-1 

but nor MDF-2 pr do I have that backwAtds? 

A That's correct .  

Q Was pressurlzed quench used i n  ItDF-l? 

A No. 

Q 

A Do. 

Is pressurized quench used i n  the present commercial? 
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Q A 1 1  right. So pressurized quench was used 'in thJ blDF-2? 

A That's correct. 

(Gallini, Depot RX-2202 ,  pp. 6, 35, 3710 

VI1 I BLADES INVENTION 

198. Inventor Herbert Blades is employed at Du Pont's Pioneerinq 

Research Laboratory. 

the rank o f  Research Fellow. He has o B. Sc. in Physics L Chemistry, an I% 

Sc. in Chemistry and a ph.D in physical chemistry. [Blades, CX-827, p. 1).  

He has worked there Eor thirty years and presently has 

199. One o€ Blades' first assignments at Pioneering Research 

tabotatocy was to uork on a method of making a paper-like, non-woven product 

which is now sold commercially by Du Pont under the Trademark 'Tyvek. He 

became a co-inventor a€ the spinning 3ethocI which made the product 

commercial. It involved dissolying polyethylene in a low boiling solvent at 

relatively, high temperatures and spinning the solution threuqh a relatively 

larqe diameter spinneret to form many small filaments which were later formed 

into a sheet and heat bonded together. 

3,081,519 on March 19, 1963 for this work. 

for a nmber  of different products including tear resistant mailing envelopes, 

book covers and disposable industrial clothing. (Blades, CX-827, p. 2 ) .  

He received United States Patent No. 

'Tyvek' is now in widespread 
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200. About J a n u a r y  1 9 6 3 ,  i n v e n t o r  B l a d e s  jo ined  Dc. H a g a t ' s  g r o u p .  

His i n i t i a l  a s s i g n m e n t  was the measurement o f  the c o m p r e s s i v e  s t r e n g t h  o f  

PRD-27. A t  t h a t  time, PRD-27 ( 1 , 4 B  p o l y m e r )  was the l e a d i n g  c a n d i d a t e  for 

development  a t  D u  P o n t  as a h i g h  t e n a c i t y ,  h i g h  modulus i n d u s t r i a l  f i b e r .  

PRD-44 IPPD-T polymer)  was a backup c a n d i 3 a t e  s t i l t  b e i n q  d e v e l o p e d  on a 

s m a l l e r  s c a l e  a s  an a l t e r n a t i v e  i n  case PRD-27 e n c o u n t e r e d  serious p r o b l e a s .  

I n  b o t h  systems t h o  polymer was p o l y m e r i z e d  i n  an a n i d e  s o l v e n t  solut ion and 

the r e s u l t i n g  polymer solution used d i r e c t l y  a s  the s p i n n i n g  dope,  In both 

cases the sp inning  solutions were wet spun.  

the broad task of  e x a m i n i n g  t h e  wet s p i n n i n g  pzocess,  the ra t iona l  b e i n g  t , h d t  

both PRD-27 and PRD-44 d e v e l o p m e n t s  u s e d  wet s p i n n i n g ,  and a b e t t e r  knowledge 

of  t h e  basic  p r o c e s s  was d e s i r a b l e .  ( B l a d e s ,  Cx-827, p. 3). 

Around mid-1969 he was a s s i g n e d  

! I  

201, One of B l a d e s '  E i r s t  o b j e c t i v e s  i n  h i s  new assignment was t o  

develop a model which would d e s c r i b e  the c o a g u l a t i o n  process for PRD-27 and 

PRD-44/spun from amide d o p e s  into  w a t e r .  K X - 0 3 ,  p. 1 0 ) .  
, 

202,  I n v e n t o r  B l a d e s  examined a l l  a s p e c t s  of the wet s p i n n i n g  

p r o c e s s ,  i n c l u d i n g  i n  d e t a i l  t h e  s w e l l i n g  of the  f i l a m e n t s  i n  t h e  b a t h .  He 

a l s o  made c a l c u l a t i o n s  of s o l v e n t  diffusion , r a t e s  i n  the b a t h  and made other 

o b s e r v a t i o n s  w h i c h  a r e  supported by notebook d a t a .  

a p p a r a t u s  for  wet s p i n n i n g  t h e  amide dopes where he could o b s e r v e  the spun 

f i l i r n e n t  i n  t h e  c o a g u l a t i o n  b a t h  t h r o u g h  a m i c r o s c o p e .  Using t h e s e  r e s u l t s  he 

f o r m u l a t e d  a c o n c e p t u a l  model w h i c h  would d e s c r i b e  the coagula t ion  p r o c e s s  for 

PRD-27 (1,481 and eRD-44 (PPD-T) b e i n q  spun from amide dopes i n t o  w a t e r .  He 

Then he began work w i t h  an 

c o n c l u d e d  t h a t  the c o a g u l a t i o n  p r o c e s s  f o r  these para-pos i t i o n e d  polymers  was 

Completed w i t h i n  a few m i l l i s e c o n d s  i n  the bath beyond the s p i n n i n g  o r i f i c e .  

( R l a d e s ,  Cx-827, pp.  3 - 4 1 :  CX-828, pp. 1 2 1 - 1 5 0 ;  CX-829, pp. 1-57). 
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2 0 3 .  In his direct  testimony Blades t e s t i t i e d  that extrusion of 

PRO-27 (1,481 and PRb-44 (PPD-T1 l i q u i d  c r y s t a l l i n e  solution dopes through t h n  

spinning o r i f i c e  into water caused molecular orientation but  s tresses  were 

developed w h i c h  caused unwanted filament shrinkage and reduced orientation;  

that inmediate windup tension before coagulation occurred was necessary to  

r e s i t  the s t r e s s  formation. I t  was Blades' testimony that as the extrusion 

rate increased, the stresses increased and so d i d  the need tor higher windup 

tension: that when the windup tension exceeded Pilament strength, the filament 

broke usually a t  the force oE the spinneret. (Blades, CX-827, p. 4 ) .  

? 

2 0 4 .  Inventor Blades presented the resul ts  oE h i s  wet spinning 

studies,  i n c l u d i n g  the model, a t  an internal Du Ponta Research Review in 

tlovember, 1969.  After the Review discussions, a co-worker, Dr. Peter 

Boettcher, suggested that an a i r  gap between the spinneret and t h e  bath would 

be one way of influencing this  early stage of coagulation. (Dlades, CX-827,  

205. Inventor Blades on cross examination agreed that prior t o  the 

time t h a t  Dr. Doethcher brouqht t o  Blades attention the concept of  an air-gap 

between the spinneret and the coagulation bath, Blades had no knowledge o f  

that procedure in wet spinning; that he " i n  recent months" a lso  learned that 

Dr. Boettcher received that idea o t  an a i r  g a p  from a patent. (Blades, Tr. p. 

6 6 0 ,  L e  10) .  

206. In deposition, D r .  Uoettcher, regarding his suggestion t o  

Blades to  use a n  a i r  g a p ,  t e s t i t i e d  that he told Blades 'he had seen mentioned 

i n  a patent a spinning 3ethod w h i c h  Doettcher thought would be useful i n  

, Illades' studies t o  determine the point a t  w h i c h  the orientation ocCUrS i n  

Dlades' spinning process Boettcher did not r e c a l l  g i v i n g  Blades a patent 

number. The p a t e n t  was the Morgan ' 6 4 5  patent. (Boettcher, Dep, R X - 2 7 ,  PO 7, 

1 -  8- p. 11,  1. 20) .  
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207. A t  the hearing Blades t e s t i f i e d  that  he remembered the xorgan 

'645, patent being-given to him sometime a f t e r  he made "my f i r s t  spins with an 

a i r  g a p  using amide solvents  and before I did any work with sulphuric acid" 

ind that  the  Morgan ' 6 4 5  patent" didn't t e l l  anything about K E V L A R " .  

208.  O n  November 7 ,  1969  inventor Blades experinented w i t h  an a i r  

qap usinq PRD-44 (PPD-T) amide dopes and succeeded i n  naking f i b e r .  He found 

that  using the B R D - 4 4  dopes and spinning through an a i r  gap into  a coagulating 

bath produced higher windup speeds and spin  s t r e t c h  (CX-329, pp. 124 -27 ) .  He 

a l s o  got  higher speeds using an a i r  gap w i t h  PRD-48 ( C L P P D - T )  and PRD-27 

(1 ,481 amide dopes ( C X - 8 2 9 ,  pp. 128-29) .  The a i r  gap spinning d i d  not improve 

the t e n s c i t y  of  any oE these f ibers .  Based on the lab t e s t s  h e  concluded on 

November 26, L969  and wrote i n  h is  notebook that  "The tenac i ty  oE filaments 

from IPRb-44(PPD-T)1 with an a i r  gap was very poor,"and as  regards PRD-48 

(CLPPD-TI, "There was no r e a l  diEEerence between tenac i ty  o f  fi laments a5 spun 

w i t h  an a i r , g a p  and the control"  without an a i r  gap (Cx-829, p. 1 3 4 ) .  I n  f a c t  

as  regards PRD-27 (1,481 Blades wrote in his  notebook on Nov. 26,  1969  that  

the  t e n s i l e  strength without an a i r  qap was " s l i g h t l y  hiqhsr than the 

. .  

experiment which was spun irith an a i r  gap". ( C X - 8 2 9 ,  p .  136 ;  C X - 8 2 7 ,  P O  5 ) -  

209.. l i i t h  respect  to  Slades'  experinent with the a i r  gap on Nov. 7, 

1969, Blades in h i s  noteboo4 wrote: 

Following ny review P.  Boettcher nacle the suggestion t h a t  
an a i r  qap between t?r! spinneret  an4 the bath night have 
interest ing r e s u l t s .  I consider t h i s  a good idea because i t  
w i l l  give or ienta t ion  produced by shear in the spinneret  
o r i f i c e  time t o  re!dx and the f iber  can then be s tretched ss 
a salut ion f i r s t  before i t  enters  the bath. In t h i s  way, i t  
w i l l  be possib:e to separate the or ient ing e e f e c t s  of shear 
i n  the o r i f i c e  and s p i ?  s t re tch .  (Blades Notebook P-3855, RX 
166 p. DO078061 

& * 
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This experiment demonstrates the Eeasibil i ty of spinning 
w i t h  an a i r  gap. Some precipitation occurred in the dope and 
this  probably limited speed and spin stretch. The control 
was wound up a t  the maxi3um rate for t h i s  o r i f i c e  velocity a s  
were the a i r  g a p  examples, The air  9ap c lear ly  a l lOws grater 
wind-up speed and spin stretch.  (Blades Notebook PO38558 RX 
L 6 6 ,  p .  D007808) 

2 1 0 .  Confirming the notebook entry, and looking Sack on the 

situation approximately a year later  Blades stated among other things8 in a 

document entit led "Highlights of  My P a r t  in the Development of P R D - 5 8 "  and 

dated Dec. 4 ,  1 9 7 0 :  

Basic S t u d y  of Wet Spinninq (Begun about June 1969) 

The f i r s t  objective was to develop a model w h i c h  would 
describe the coaqulation process for PRD-27 and PRD-44 w h i c h  
were being spun fron amide dopes into water. A t  a review 
e a r l y  in November, I presented results  of experinento and 
theoretical arguments w h i c h  indicated that the coagulation 
process was completed in a few milliseconds an4 the portion 
of the bath  most involved was the f i r s t  few nillimeters 
beyond the  o r i f i c e .  Following the discussion a t  t h i s  reviev, 
P. Boettcher suggested that dry-wet spinning vhere a Small 
a i r  gap is introddce5 between spinneret and bath would be one 
way oE inlluencing this  early stage of coagulation. 

F i r s t  A i r  Gap Spinninl (Nov. 7, 1963)  

T h e  Eirst  a i r  g a p  spin was sade :Jov. 7 .  I called i t  a i r  gap 
to distinquish from dry-wet spinning where the oblective i s  
to evaporate a portion of solvent before coagulation. The 
f i r s t  experiments revealed that the a ir  gap permitted great 
increases i n  spin-stretch, j e t  velocity and wind-speed. 
Improved orientation was forecast. During November PRD-27 
and PRd-48 were a i r  qap spun and the technique improved. The 
f i r s t  bath dith 3 flune was obtained from Boyer who had used 
i t  to quench P R 3 - 1 0 .  I t  was established that multiple holes 
could be managed 3nd that very h i g h  speeds would be 
possible. ( R X  1 5 5  p. D132321) 
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211. Du Pont's posit ion as  to conception of  the Blades'  invention 

is that  the "avai lable  information" does not permit an exact  deteraination o f  

the conception date b u t  that  "ava i lab le  informatLon" does show that  conception 

occurred in or about December 1 9 6 9  Du pont response t o  Order No. 1 0 ,  R X - 2 2 1 9  

p *  137)  
I 

212. Anisotropic spinning dopes o f  PPD-T in s u l f u r i c  ac id of 9 8  

percent or more concentration were well-known within Du Pont before Blades' 

f i r s t  air-gap s p i n n i n g  o f  such a dope. (Blades,  Dep., RX-26, p. 2 6 3 ,  1. 1 3 -  

p .  264,  L. 16).  

2 1 3 .  When Blades began to  work w i t h  concentrated s u l f u r i c  a c i d ,  he 

snierstood the Concensus within Du Pont as  to  the preferred concentration o f  

s u l f u r i c  ac id when used as a solvent €or PPD-T to  be LOO percent s u l f u r i c  

acid. (Blades ,  Dep. p .  4 1 ,  1 s .  3-81, 

2'14. On d i r e c t  testihony Blades t e s t i f i e d  that  i t  was the common 

wisdon a t  Pioneering Research Laboratory that  PPD-T plyrner reacted with and 

was degraded by s u l f u r i c  acid q t  higher temperatures, and prior research 

e f f o r t s  v i t h  PPD-T had been care fu l  to  carry  out the mixing and S p i n n i n g  

procedures a t  about room temperature. He further t e s t i f i e d  that  he was the 

E i t s t  person a t  3u Pont t o  prepare a spinning dope containing more t h a n  1 2  

percent PPD-T by heating. (Blades,  T r .  pp. 7 8 3 - 7 8 4 1 .  

215. In a memo dated September 3 ,  1971 from inventor Blades t o  E . E .  

Nagat e n t i t l e d  "Supplement 7'0 Highlights Let ter "  (Hiqhlights o f  my part in the 

development of  P R D - 5 8 ,  H. Bldes t o  E.E. >tagat, December 3 ,  19701, Blades 

s ta ted  that  in June 1969, he was assigned by 'lagat to  a basic  s t u d y  of wet 

spinning w i t h  the ra t iona l  that  PRD-27'was l i k e l y  to  become commercial so a 

. .  

better  understanding o f  the spinning process would be valuable.  I t  was said 
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that out oE this work came an understanding of the speed recitation in wet 

spinning and the idea of using an air gap to remove it. Under the subheading 

"PRD-44 in H SO -A. J. DeDominicis" was the following: 2 4  

PRD-44 offers lower ingredient cost VS. PRD-27 or - 4 8 ;  
however, difficult solubility requires expensive mixed 
solvents and cases polymerization problems. Spinning from 
sulfuric acid might avoid these problems. 

Execellent properties have Seen obtained by spinning 
anisotropic solutions from 100% sulfuric acid 
ST/E/M/Denier/dpf - 12.0/5.9/360/942/1/8). After heat 
treatment, properties of T/E/M/Denier 17.6/1/5/1082 were 
obtained. High nolecular weight polymer (inherent viscosity 
6.4) must be used to attain these properties. 

0 This process is not attractive for scaleup: 

o pm-44 must be polymrized in organic solvents, 
separated, then dissolved in 100% sulfuric acid. 

o Both solvent and sulfuric acid must be recovered. 

0 Processinq of spin dope at bulk viscosity 30M 
poise is dieficult. 

Spinninq rate must be very low I 20 feet/minute) 
to attain desired physical properties. 

The idea of using sulEuric acid was not new and at least 
two people had Seen assigned to try it. Although four 
reasons are listed as making the process unattractive, the 
general feeling outside the committee was that the main 
problem was the low spinning speed. 

As a result of these committee meetings, R. E. Xilfonq 
suqgested more attention be given to sulfuric acid dopes. He 
was more impressed by their high viscosity than by the low 
spinning speed. 

It was suggested by C. E. Hagat that I include sulfuric 
acid dopes in my studies of wet spinning, In subsequent 
discussion with him, it was realized that an exciting 
opportunity existed, The major obstacle to the use of acid 
dopes had Deen very low spinning speeds and we believed that 
an air gap would make high speeds possible. Yany of the 
other advangates of acid dopes which have subsequently been 
realized were also recognized at this time. 
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I I,. , .  ' I  , ' I  , 

The preparation of spin dopes proved very d i f f i c u l t  and an 
apparatus [ a  t w i n  cylinder m i x i n g  device1 was designed to do 
t h i s  more e f f e c t i v e l y .  Secause o f  the p r i o r i t y  o f  PRD-27 
development, construction was delayed and two and a ha l f  
months passed before i t  was completed. The f i r s t  experiments 
I i n  Harch 14701 confirmed the expected high speeds and as  
dope preparation was perfected, the  superior properties a l s o  
were obtained. 

The response t o  these P i n d i n g s  was a l s o  mixed. There was 
skepticism on the part  of  the PRD-27 development group and 
from those involved in othe spinning pro jec ts .  There was 
immediate acceptance by E. E. :.lagat and other members of  
aanagement. A supervisor and several  research people were 
assigned and development proceeded rapidly i n  very favorable 
atmosphere. 

2 1 6 .  Blades notebook page entry dated Warch 1 9 ,  1970 shows 

of his  t w i n  cylinder mixing device. The sketch was made on Narch 18, 

a sketch 

1970 

because that  "was the f i r s t  day I recorded an experiment u s i n g  i t " .  Blades 

t e s t i f i 2 d  that  i t  took some time for the device to be b u i l t .  The notebook 

page dated March 18 ,  1970 s tated "In the present experiment a ten percent by 

weight solution o f  PRD-44 polymer solution was mixed. T h i s  solut ion was 

prepared on 1/12/70, b u t  due t o  poor mixing i t  was stored and not used. 

Blades t e s t i f i e d  that  J a n ,  12 ,  1970 was the date on which h e  had t r ied  t o  make 

3 dope in other eqsipment and not being successful  he had saved i t  in a j a r .  

(Blades,  Tr. pp. 778,  7 7 9 ;  CX-830 p .  25 ;  C X - 8 2 7 ,  p. 7 ) .  

217. Blades designed the t w i n  cylinder mixer w h i c h  is shown i n  a 

sketch i n  h is  notebook page dated Yarch 18 ,  1970. He waited from mid-December 

1 9 6 9  into  March 1970 for D u  Pont's shop to make some parts  he needed to  

assemble the mixer. (Blades ,  Tr. pp. 779-780; C X - 8 3 0 ,  p. 25 ) .  

2 1 8 .  Blades'  t w i n  cylinder mixer shown in his notebook entry o f  

.'larch 19,  1 9 7 0  was used w i t h  a waterbath and had a spinneret  holder. 

of the water bath, Blades had to  remove the spinneret  a t  the time he was 

making the dopes. The t w i n  cylinder mixer w i t h  water bath allowed B.lades t o  

Because 
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mix .lopes a t  h i g h e r  temperatures t h a n  room t e m p e r a t u r e  b u t  not to s p i n  the 

dopes.  

Eirst a 

R X - 1 8  3 8 

f i r s t  a 

(RX-191 

( B l a d e s ,  T r .  p. 7 8 2 ) .  

2 1 9 .  B l a d e s  used sulfuric a c i d  of a b o u t  100% concentration i n  iis 

r - g a p  s p i n s  of  PPD-T/H2S04 dopes .  

p. Do078638 e t .  s e q , ;  B l a d e s ,  T r .  pp. 7 6 2 - 6 3 ) .  B l a d e s  r e p o r t e d  h i s  

r - g a p  s p i n s  o f  P P D - T / s u l f u r i c  a c i d  dopes  i n  report PR-70-131. 

. T h a t  report d o e s  not d i s c l o s e  a sulfuric a c i d  a i r - g a p  s p i n  u s i n g  

( B l a d e s  Notebook P - 5 0 1 6 ,  

less t h a n  aSout 100% sulfuric a c i d .  (Rx-191,  T a b l e s  I through VI111 

Notebook P-5016, c o v e r i n g  B l a d e s '  work from F e b r u a r y  L O ,  1 9 7 0  to A p r i l  1 6 ,  

1 9 7 1 ,  and t h u s  B l a d e s '  f i r s t  y e a r  of a i r - q a p  s p i n n i n g ,  d i s c l o s e s  the use of 

a c i d s  of  a b o u t  l C 3 %  concentration. (RX-183) .  

220 .  Inventor B l a d e s  r e c o r d e d  his f i r s t  e x p e r i m e n t s  w i t h  t h e  t w i n  

c y l i n d e r  mixing d e v i c e  on g a g e s  2 5  and 26  of  his notebook d a t e d  -9arch 1 8 ,  

1 9 7 0 .  (CX-330) .  A p r e v i o u s l y  p r e p a r e d  1 0 1  PPD-T sulfuric a c i d  dope was mixed 

and spun,  a t  room t e m p e r a t u r e ,  through an a i r  g a p  into  a c o a g u l a t i o n  bath of 

water and also by conventional wet s p i n n i n g .  The e x p e r i m e n t s  d e m o n s t r a t e d  

t h a t  s u l f u r i c  a c i d  s o l u t i m  can b e  spun u s i n g  an s i r  q a p  and t h a t  h i g h  windup 

speeds can be a t t a i n e d  w i t h  h i g h  s p i n  s t r e t c h .  He d i d  not c h e c k  the f i b e r  

p r o p e r t i e s .  ( B l a d e s ,  CX-827, p. 81. 

2 2 1 .  T h e  next entries i n  B l a d e s '  notebook (CX-830, pp. 2 7 - 3 3 )  

i n d i c a t e  t h a t  h e  p r e p a r e d  dopes  similar to those used by D r .  K i l l ian  i n  

K i l l ian ' s  ear l ier  e f f o r t s  - 10% PPD-T i n  1000 sulfuric a c i d .  He used the t w i n  

c y l i n d e r  mixing to mix an3 sp in  the dopes a t  room t e m p e r a t u r e ,  b u t  he spun 

them through an a i r  g a p  r a t h o r  t h a n  d i r e c t l y  into t h e  water b a t h  3s Dr. 

K i l l i a n  had. The results showed B l a d e s  that  an a i r  qap p r o v i d e  h i g h e r  

s p i n n i n g  s p e e d s  (CX-830, p. 2 8 1 ,  b u t  the as-spun p r o p e r t i e s  OC t h e  f i b e r s  were 
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"not good" - tenac i t ies  b e i n g  o n l y  3.5 - 5.4 gpd compared to K i l l i a n ' s  high of  

12  gpd. B l a d e s  also n o t e d  t h a t  the € i b e r  modulus was " s u p r i s i n g l y  Low and may 

i n d i c a t e  poor or ientat ion" .  (CX-830,  p. 2 9 ) .  B l a d e s  r e p e a t e d  this  e x p e r i m e n t  

s p i n n i n g  w i t h  a 10% PPD-T sulfuric  a c i d  dope and an a i r  gap making an e f f o r t  

to  remove a i r  b u b b l e s  from the dope w h i c h  ?e t h r o u g h t  might  b e  c a u s e i n g  the  

p o r  f i b e r  p r o p e r t i e s .  

t h a t  the a i r  b u b b l e s  were " n o t  r e s p o n s i b l e  for the poor p r o p e r t i e s " .  (CX-830,  

p. 3 1 ,  d a t e d  ?larch 23 ,*  1 9 7 0 ;  B l a d e s  CX-827, p. 9 ) .  

B u t  t h e  p r o p e r t i e s  d i d  not improve and he c o n c l u d e d  

2 2 2 .  Then B l a d e s  made a 10.2% PPD-T s u l f u r i c  a c i d  dope i n  his t w i n  

c e l l  mixer by f i r s t  s t i r r i n g  the n i x  i n  a b e a k e r  w i t h  a r o d  w h i c h  formed a 

" t a c k y  dough" ,  T h e r e a f t e r  he cut t h e  dough into  c h u n k s  and mixed i t  i n  my 

d e v i c e  by numerous c y c l e s  of flow from one v e s s e l  to a n o t h e r .  He t h e n  spun 

f i b e r  both w i t h  an a i r  q a p  and without an a i r  gap.  ( A p r i l  2 ,  1970 notebook 

e n t r y  CX-839,  p. 3 2 ) .  The f i b e r  p r o p e r t i e s  w i t h  no a i r  g a p  "were comparable  

t o  t h e  a i r  g a p  e x p e r i m e n t s "  (CX-830,  p. 3 3 :  B l a d e s ,  CX-827,  p. 9 ) .  

223 .  Up to this p o i n t  i n  the work B l a d e s  had mixed and spun t h e  

s u l f u r i c  a c i d  dopes a t  a b o u t  room temperatue as  K i l l i a n  and o t h e r s  b e f o r e  h i m  

a t  P i o n e e r i n g  had done. 

a c i d  dope. T n i s  time as he r n i x e j  the dopes  i n  is  twin c y l i n d e r  d e v i c e  

(notebook CX-830,  p. 3 4 ,  A p r i l  3 ,  1 9 7 0  e n t r y ) ,  B l a d e s  a p p l i e d  heat a t  55OC and 

85Oc through t h e  water  b a t h  surrounding the c y l i n d e r s .  Then he c o o l e d  the 

dopes to  room t e m p e r a t u r e  and spun immediate ly  u s i n g  a i r  gap s p i n n i n g .  B l a d e s  

Vow B l a d e s  e x p e r i m e n t e d  w i t h  a 1 2 . 3 %  PPD-T S u l f u r i c  

found t h a t  h e a t i n g  the dope 3ur ing n i x i n g  " g r e a t l y  f a c i l i t a t e d  the mixing".  and 

he g o t  improved as-spun p r o p e r t i e s  w i t h  the dope t h a t  v a s  mixed a t  55°C 

( t e n a c i t y ,  1 1 . 8 ;  modulus,  3 5 6 )  (CX-830,  p. 3 5 ) .  B l a d e s  became c o n v i n c e d ,  t h a t  

12.3% PPD-T was not the maximum concentration p o s s i b l e  i n  sulfuric  a c i d  

d o p e s ,  (Cx-830,  p. 3 5 ;  B l a d e s ,  CX-827, p .  1 0 ) .  
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224 .  I n  B lades '  next notebook e n t r y  dated A p r i l  3 ,  1970 (CX-830, p .  

36 ) ,  attempted to mix a higher  concentration of PPD-T i n  sulfuric a c i d  using 

heat to f a c i l i t a t e  mixing.  He made a 13.53 PPD-T dope by f i r s t  mixing in a 

beaker w i t h  a rod to form a dough. The he put the dough in the c y l i n d e r  of  

his mixer; c y c l e d  i f  for about h a l f  a day a t  43OC; l e t  it s i t  o v e r n i g h t  and 

then mixed the next day for 3 hours a t  about 5S0C.  He t h e n  cooled the dope t o  

room temperature and spun i t  us ing  an a i r  gap. 

spinning was v e r y  e r r a t i c ,  the filaments broke frequently and behaved as 

The dope mixed r e a d i l y  but  

t h o u g h  thore were particles i n  the dope- In spi te  of  t h i s ,  some small samples 

were collected and one had an as-spun tenacity of  14.5.gpd and an alongation 

o f  4.6% and modulus of 466 (Cx-830, p. 3 7 )  w h i c h  were the h i g h e s t  as-spun 

properties measured on a single specimen by D u  Pont's p h y s i c a l  t es t ing  Lab. 

( B l a d e s ,  CX-827, p. 10; B l a d e s ,  Tr. 71-791)*  

225.  Blades  i n  a notebook entry dated A p r i l  3, 1970 Blades made up 

a dope of  concentration of 14 1/2 percent i n  100.21 sulfuric acid and mixed i t  

i n  h i s  mixing device a t  a temperture OC about 54 degrees C .  (CX-830, p. 3 6 ) .  

226. Blades t e s t i f i e d  that  i n  h i s  experiment with 14.5.percent 

PPD-T dope (CX-830, p. 3 6 ) ,  where the dope was mixed a t  a h i g h  temperature and 

t h e n  cooled to room temperature he had a great  deal of  trouble making the dope 

s p i n  a t  all because the spinneret holes would plug repeatedly  and he t r i e d  

several spinnerets and concluded that  the trouble was that  the polymer was not 
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in fact in solution at 14.5% at room temperature and that undissolved polymer 

was plugging the spinerets and the conclusion from that was that tho dopes had 

a melting point and' Blades was going to have to heat the dopes to higher 

temperatures to make sure that all the polymer dissolved. (Blades, Tr. pp. 

789-7901 

227; Blades testified that as a result of his experiment with 14.5 

percent PPD-T sulEuric and dope, he wo'uld have to spin at temperatures higher 

than r w m  temperature so that the dopes would be properly molten during the 

spinning operation. 

vessel could be kept in' the water bath during the spinning operation. 

This 'involved relocating the spinnerets so that the 

(Blades, Tr. pp. 791-7921. 

228. Bla.;les recognized that to spin higher concentrations OP 

PPD-T/sulfuric acid solutions, spinning temperatures Par greater than room 

temperature.were required in order to keep the system above its melting point 

and fluid at the spinneret. To do this, it was necessary to make 

modificJtions to the equipment. A short piece of copper tubing was to be 

added between the mixing apparatus and the spinneret so that the hot water 

bath could be kept in place around the mixing vessesls during spinning. In 

additon,an electric heater was to be fitted to the spinneret to maintain the 

spinning dope hot and thus fluid during spinning. (Blades, CX-827,  p. 11). 

229. The modifications to the equipment were carried out during 

early April 1970 and Blades u'sed this time to do further experiments. 

Eound that the melting point of a dope increased as its PPD-T concenttatioh 

He 

increased. 

temperatures from 80-90°C in the mixing device then slowly lowering the 

temperature and determining the temperature at which the dope solidified. 

This was done by preparing dopes of various concentrations at 
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Using this information Blades constructed a rough melting point curve. which 

related melting point and dope concentration. (BlaAes, CX-827, p. 12). 

230. As soon as the equipment was modified it was ready for both 

mixing and spinning at elevated temperatures and Blades on April 16, 1970 ran 

the experiment described at page 41 of his notebook (CX-830). Blades used 

PPD-T, of 4.4 inherent viscosity at a Concentration of 20% by weight in 100.2% 

sulLuric acid. He used 209 PPD-T as a concentration substantially higher than 

what had been used previously for spinning but where its melting point did not 

exceed the maximum temperature that the water bath could provide (100'C). The 

water bath was heated to 95OC during mixing, and spinning was carried out 

through the heated spinneret at approximately 100°C. Spinning was 

trouble-free and a number of samples were collected. These sameples were sent 

to the Physizal Testing Labortory for standard stress-strain tests. A copy O f  

the data 'sheet is at page 42 of his laboratory notebook. The as-spun tenacity 

of the filaments was 18 gpd with a modulus of 500. These were said by Blades 

to be extraordinary values and it was recognized inmediately by Blades that 

his fiber-narking method produced d completely new fiber with remarkably high 

as-spun tenacity and excellent modulus, (Blades, CX-827, pp. 12-13; CX-830, 

231. By comparing the inherent viscosity of the polymer in the spun 

liber which was 4.1 with the inhecent viscosity of the polymer before making 

the solution which was 4.4 Blades noted in a notebook entry dated April 20, 

1970 that the small change implied "little or no degradation" of PPD-T .. 
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during the mixing and s p i n n i n g  p r o c e s s .  T h i s  was c o n f i r m e d  by an a n a l y s i s  for 

sulEur i n  t h e  f i b e r s  which showed t h e y  c o n t a i n e d  a low l e v e l  o f  s u l f u r .  

2 3 2 .  The f i l a m e n t s  from the A p r i l  1 6 ,  1 9 7 0  2 0 %  PPD-T e x p e r i m e n t ,  

w i t h  r e s p e c t  to  p a r t i c u l a r  samples  were: # l  had an a v e r a g e  t e n s i l e  s t r e n g t h  of 

1 7 . 9  g r a m s / d e n i e r  w i t h  a 3.9 p e r c e n t  e l o n g a t i o n  and a moddlus of 4 9 9 .  The 

a v e r a g e  tensi le  s t r e n g t h  for sample  12  was 16 .40  w i t h  a 4 . 1  p e r c e n t  e l o n g a t i o n  

and a modulus o f  438.  ( B l a d e s ,  T r .  pp. 7 9 5 - 7 9 6 ;  CX-830,  pp. 4 2 - 4 3 ) .  

233 .  B l a d e s  t e s t i f i e d  t h a t  Example 1 i n  c o l .  10 "PPD-T o f  4.4 IV is 

mixed ..." o f  h i s  ' 7 5 6  p a t e n t  is taken from t h e  A p r i l  1 6 ,  1 9 7 0  e x p e r i m e n t  

r e c o r d e d  i n  h is  notebook for 2 0 %  PD-T a t  pp. 41-43  of  CX-830. ( B l a d e s ,  T r .  P O  

7 9 8 ) .  

2 3 4 .  In a D u  Pont r e p o r t  for the p e r i o d  Xarch - Dec. 1970 and d a t e d  

i4arch 1 7 ,  1971.  B l a d e s  a t  p. DO13995 shows the m o d i f i e d  a p p a r a t u s .  ( B l a d e s ,  

Tr 7 9 2 - 7 9 3 )  

2 3 5 .  B l a d e s  a f t e r  modifying the  equipment r e c o r d e d  on t h e  

e x p e r i m e n t  w i t h  2 0 %  PPD-T i n  c o n c e n t r a t e d  s u l E u r i c  and where the b a t h  was 

h e a t e d  to 95OC. The water b a t h  ( c o a g u l a t i o n )  was 15OC. In s p i n n i n g  w i t h  the  

a i r  gap B l a d e s  noted that  i t  v a s  more l i k e  a melt s p i n n i n g  s y s t e m  t h a n  l i k e  

CfrY s p i n n i n g ;  t h a t  a l l  20 s p i n n e r e t  holes f u n c t i o n e d  p r o p e r l y .  ( B l a d e s ,  Tr. 

2 3 6 .  I n v e n t o r  B l a d e s  t e s t i P i e d  t h a t  i t  has now been c o n f i r m e d  t h a t  

the m i x t u r e  o f  PPD-T i n  s d L E u r i c  a c i d  a r e  not o r d i n a r y  polymer S O l u t i O n S  b u t  

r a t h e r  t h a t  a chemical complex is formed between the polymer and the a c i d ;  

t h a t  i t  is b e l i v e d  t h a t  his complex occurs a t  a PPD-T concentration of  a b o u t  

2 0 %  by w e i g h t  w i t h  a m e l t i n g  p o i n t  a t  a b o u t  7 0 - 8 0  C a t  he t e s t i f i e d  t h a t  a t  
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compositions of less  than about 2 0 %  polymer, the complex dissolves i n  the 

excess acid to give a system with lower melting points; that a t  a 12% 

composition, the "melting poont" i s  about room temperature and the mixture is 

a viscous l i q u i d :  that  a t  compositions between 12 and 2 0 %  plymer,  the mixture 

must be heated to fluid. He believed that prior D u  Pont researchers, as Dr. 

Kil l ian,  when they tried to s t i r r  solutions of  PPD-T i n  sulfuric  acid,  they 

reached a barrier a t  10-12% PPD-T since they d i d  not raise the mixing and 

spinning temperatures of the solutions above the melting point of the dope. 

(Blades, C X - 8 2 7 ,  pp. 1 3 - 1 4 )  

2 3 7 .  Blades' discovery that PPD-T sul fur ic  acid dopes had def ini te  

melting points was said by Blades to lead to the recognition that higher 

concentrations of PPD-T were possible. I t  i s  said by Blades t h a t  i t  is now 

known that another consequence 01 the complex formation is that the acid is  

bound to  t h o  Flymer and i s  essential ly deactivated in a chemical sense. The 

result is that when about 2 0 %  PPD-T by weight is realized, the hot 

concentrated sulfuric  acid solugion does not have the "expected degrading" 

e € f e c t  on the polymer and the systems are surprisingly stable.  A t  low 

concentrations of  polymer rhere there is excess ac id,  degradation ismore rapid 

and as the polymer concentration is increased the rate of degradation i s  

reduced. (Blades, C x - 8 2 7 ,  p. 1 4 ) .  

2 3 8 .  A t  a D u  Pont internal Research Review on April 1 6 ,  1970, 

inventor Blades started sut by showing the physical properties of the fibers 

he had spun up to t h a t  date. The best aaong them was said by Blades to be the 

one having as-spun 18 qpd w i t h  a modulus of  500.  This was said by Blades to 

be a dramatic improvement over anything available a t  the time. In 
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fact it was said by Blades that this as-spun tenacity was roughly twice what 

had been obtained in Killian's experiments using PPD-1' and to be shown in the 

following chart used at the Research Review: 

AV E 

(UladeS, '  CX-827,  pp. 14-15). 

239. Another chart Ulailes used at the Research Review showed the 

following relationship between polymer concentration in the sulfuric acid 

solution and the melting point which blades had discovered: 
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A t  this time Blades had two s e t s  of data as  represented by the s o l i d  and 

dashed l i n e s ;  the d i f ference  between them representing the uncertainty he had 

about behaviour a t  concentrations greater than 2 0 % .  T h i s  data was said t3 

examine why prior workers were not able to  operate success fu l ly  a t  

concentrations of PPD-T o f  above 12%. The above char t  shows that  a t  d 1 2  

percent composition, the "melting point" is  about room temperature and the 

mixture is  a viscous l i q u i d .  (Blades,  C X - 8 2 7 ,  pp. 13 ,  L5-16). 

240. The Pollowing char t  used a t  the Research Review on April  1 6 ,  

1970 showed the comparative s t r e s s  s t r a i n  curves o f  f i b e r s  made by Blades' new 

process w i t h  those made by the PRD--44 amide solvent system, and demonstrated 

the higher y ie ld  point o f  h i s  f i b e r .  - 

a 
00 

(Blades,  C X - 8 2 7 ,  p. 1 6 ) .  C IongaT i on ''e 

241,  In the following used a t  the Research Review on April  16 ,  1 9 7 0  

inventor Blades tabulated the merits  of h i s  system over the then-existing 

systems as they appeared to  Blades a t  that  time: 

I 

ADVANTAGES OF S .  A C I D  

H I G H  SOLIDS 
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NO CHLORIDE 

NO SOLVENT RECOVERY 

HIGH SPEED 

NEUTRALISE RESIDUAL ACID 

REDUCED DEMAND ON POLY!ERISATION 

S'JPERIOR PROPERTIES 

The above, according to Blades, showed that he could spin from a solution of 

relatively high concentration or high solids, meaning that less solvent is 

required to produce a given amount of fiber. Sulfuric acid used by Blades is 

said to be a cheap material and hence it was not necessary to recover it from 

an economic point of view. It was said it could be simply discarded following 

its use as a solvent. Also becau'3e high speeds were possible, speed was said 

not be a'Siqnificant limitation in the process. It was said that it would not 

be necessary to remove a l l  the acid from the fiber and the last traces of acid 

could be neutralized in place with a base. Another advantage listed above was 

said to be the redrlced demand on the polymerization process; that 

Polymerization could be carried out in an anide solvent to form a polymer of 

high molecular weight; that in PRD-27, 44 and 48 processes, where &situ 
polymerization takes place, there was a compromise in the polymerization 

process which resulted in less than optimum polymer molecylar weight and 

concentration and thus the fiber properties were limited: that in Slades' 

sulfuric acid process, where the spinning is carried out independent of the 

polymerization, a 'compromise is not necessary and the polymerization and 

spinning processes can be independently optimized, The last item listed above 

was said to indicate that suaer ior as-spun properties were possible; that 
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Blade's fiber had an as-spun tenacity of almost twice that of P R D - ~ ~  ( 1 ,  48) 

which was then being scaled-up. High as-spun tensi le  properties were said to  

be valuable i n  contrast to similar properties obtained by a post heat 

treatment because they resulted in Setter econonics for the system. I n  

alades' projected program s e t  forth a t  the April 1 6 ,  1970 Research Review he 

indicated the intention of exploring heat treatment oE the f ibers to  determine 

what e f f e c t  i t  would have on their properties (CX-831, p. 3 ) .  (Blades, 

2 4 2 .  I n  a memorandum dated April 2 4 ,  1970, shortly af ter  h i s  f i r s t  

a i r  gap spin using PPD-T i n  sulfuric  and Blades described what he believed 

were the following advantages i n  the use of  a i r  gap: 

The a i r  gap has severai demonstrated or potential 
advantages : 

( i )  Higher linear speeds are possible. There is  no 
theoretical upper l imit  and speeds ten times those of 
conventional wet spinning seem reasonable to expect. 

( i i )  The product may be improved. Higher spin-stretch is 
possible and this  may produce a better quality of 
orientation. Also less dernand is  placed on solution 
properties and solutions designed nore for properties and 
less for spinnability could be used. 

( i i i )  The spinneret can be a t  a temperature di f lerent  from 
the bath. This has allowed the spinning of  sulfuric  acid 
dopes which nelt above the boiling point of water. I t  allows 
optimum temperature for both solution and bath. 

( R X - 2 2 2 5 ,  p. TC1120031). 

2 4 3 .  There are five primary Blades laboratory notebooks which 

disclose a ir  gap spinning experiments of PPD-T in concentrated sulfuric  acid 

between April 1970 (the time of the f i l ing of the f i r s t  Blades patent 

application, S.N. 138,210, R X - 2 0 4 2 )  and Jgne 1 9 7 2  (the time of the f i l i n g  of 
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the fourth and f inal  Blades patent application,  S.N. 2 6 8 , 0 5 2 ,  RX-2045) :  ( 1 )  

p-5016 ( R X - 1 8 3 ) ,  ( 2 )  P-5137 (RX-22201,  ( 3 )  P - 5 1 9 8  ( R X - 1 8 4 ) ,  ( 4 )  P-5304 

( ~ x - l e s ) ,  and (5) P-5450 ( R X - 1 8 6 ) .  The c h a r t  below s e t s  forth spinning 

experiments from those notebooks (excluding expr inents where the wind-up speed 

was g r e a t e r  t h a n  about 1 5 0 0  feet  per minute) and the tenacity of the fiber 

produced 

Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
1 2  
1 3  
14 
15 
16 
17  
18 
1 9  
20 
2 1  
22 
23  
24 
2 5  
26 
27 
2 8  
29  
30 
3 1  
32 
3 3  
3 4  

- 

from' the exper iment. 

BLADES LABORATORY NOTEBOOK P-5016 ( R X  1 8 3 )  

Notebook Code Fiber Tenacity (gpd) SSF B a t h  Temp. ('C.1 

P5016-41-1  
P5016-41-2  
P 5 0 1 6 - 5 2 - 1  
P 5 0 1 6 - 6 8 - 1  
P5016-68-2  
P5016-68-3  
P5016-68-4  
P5016-54-2  

'' P 5 0 1 6 - 5 4 - 4  
P5016-56-2  
P5016-56-3  
P5016-56-4  
P5016-56-5  
P5016-56-7  
P5016-58-8  
P5016-59-1  
P5016-59-2  
P5016-59-3  
P5016-59-4  
P5016-70-2  
P5016-70-4  
P5016-70-5  
P50 16-70-6  
P5016-74-1  
P50 16-74-  3 
P5016-79-1  
P5016-79-2  

. P5016-79-3  
P5016-79-4  
P5016-79-5  
P5016-79-6  
P5016-79-7  
P5016-79-8  
P 5 0 1 6 - 8 3 - 1  

1 7 . 9  
16 .4  
10 .2  

8 .O 
12.8  
11.8 
1 2 . 1  

6 . 7  
8 . 6  

17.7 
2 1 . 1  
2 0 . 8  
1 2 . 0  
12.4 
12.4 

7.2 
7.8 
6.7 
9 .5  

16 .3  
16.7 

1 8 . 3  
18.4 

9 .0  
2 0 . 6  
21 .0  
1 8 . 4  
1 7 . 6  
18 ..5 
18.4  
1 8 . 9  
1 6 . 0  

2 5  

1 6  e9 

2 3 3  

2 .2  
2.4 
3.2 
1.6 
2 . 5  
2 . 5  
3.2 
2.0 
3 .9  
1.3 , 

5 . 1  
3.0 
1 .9  
3.6 
5.0 
4.1 
4 . 1  
3.5 
4.2 
5.2 
6 . 0  
4.9 
4.9 
3.5 
8 . 9  
6 .7  
6 .7  
6 .7  

6.0 
6 . 0  
6.0 
6.0 
4 .7  

6 . 7  

1 5  
15  
2 7  
2 5  
2 5  
2 5  
2 5  
30 
30 
14 
1 4  
15 
1 5  
1 7  
17 
2 2  
24 
24 
24 
2 1  
2 1  
2 1  
2 1  
2 2  
2 2  
2 3  
23 ' 

23 
23  
2 3  
2 3  
2 3  
2 3  

2 



35 
36 
37 
38 
39 
40 
41  
42  
4 3  
4 4  
45 
46  
47 
4 8  
49 
50 
5 1  
52 
53 
54 
55 
56 
57 
58 
59 
6 0  
6 1  

Number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
1 1  
12 
1 3  
14 
1 5  
1 6  
17 
18 
1 9  
20 

. .  

P5016-83-2  
P5016-8  3-3 
P5016-83-5  
P 5 0 1 6 - 8 3 - 6  
P 5 0 1 6 - 9 3 - 1  
P 5 0 1 6 - 9 3 - 2  
P 5 0 1 6 - 9 3 - 3  
P5016-93-4  
P 5 0 1 6 - 9 3 - 5  
P 5 0 1 6 - 9 3 - 6  
P5016-93-7  
P5016-93-8  
P 5 0 1 6 - 9 7 - 1  
P5016-97-2  
P50 1 6 - 9  7-3 
P 50 1 6  -.9 7- 4 
P50 16-97-5 
P5016-97-6  
P 50 16-9  7-7 
P 5 0 1 6 - 1 0 0 - 1  
P5016-100-2  
P50 1 6 - 1 0 9 -  3 
PSOl6-100-4 
P5016-102-1  
PSO 16-  102-2  
P5016-102-3  
P5016-102-4  

2 6  
1 9 . 5  
17 .9  
20 .8  
2 0 . 6  
21.6 
18 .4  
1 7 . 6  
18.5 
18.4 
18.9 
16.0 
12.8 
1 5 . 1  

14 
13.4 
14.2 
13 .8  

2 6  
27 .3  
25.4 
24.7 

2 3  
. 23.6  

24 .3  

13.7 

23.2 

4.7 
6 .0  
5 .6  
7 . 1  
6.7 
6 .7  
6.7 
6 . 7  
6.0 

6.0 
6 . 0  
2.7 
3 .8  
3.4 
3.1 
3.0 
3.2 
3.2 
4 . 8 '  
4 - 8  
4.8 
8 .3  
8.1 
7.3 
7 . 3  
7.3 

6 . 0  

BLADES LABORATORY NOTEBOOK P-5137 ( R X  2 2 2 0 )  

Notebook Code Fiber Tenacity (gpd) 

P 5 1 3 7 - 4 - 1  
PS137-4-2  
P5 13 7-4- 3 
P5137-1-4  
P5137-4-5  
P5137-4-7  
P5137-4-8  
P5137-4-10  
P5137-8-1  
P 5 1 3 7 - 8 - 2  
P5137-8-3  
P5137-8-4  
P 5 1 3 7 - 8 - 5  

P5137-8-9  
P5137-8-10  
P 5 1 3 7 - 8 - 1 1  
P5137-8-12  
P5137-16-1  
P5137-16-2  

P 5 1 3 7 - 8 - 6  ( a )  

1 1 . 7  
1 3 . 7  
1 3 . 3  
13.7 
13 .2  
1 2 . 8  
13.0 
1 5 . 0  
11 .8  
12 .5  
1 4 . 3  
13.6 
13 .7  
1 3 . 1  

14.2 
1 4 . 7  
1 4 . 0  

8 . 9  
9 . 1  

13 .2  

4 . 0  
3.5 
3.5 
3.5 
3 . 3  
3.2 
3.3 
3.8 
3.1 
3.7 
3.7 
4 e 0  
4.0 
4 .2  
4 . 2  
4 .5  
5.9 
5.2 
3 .9  
3.7 

2 
2 

23  
23  
23  
23  
2 3  
23  
23  
23  
2 3  
23  
2 5  
25  
2 5  
2 5  
2 5  
2 5  
2 5  

4 
4 
4 
4 
4 
4 
4 
4 

Bath Temp. ( C " . )  

2 5  
2 5  
25  
2 5  
2 5  
2 5  
2 5  
2 5  
24 
24 
24 
2 4  ' 

24 
24 
24 
24 
24 
24 
6 1  
6 0  
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21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
59 
59 
60 
61 
62 
63 
64 
65 
66 
67 

69 
70 
71 
72 
13 

68 

P 5 13 7-16- 3 
P5137-16-4 
P5 137- 16- 5 
P5137-16-6 
P5137-16-7 
P5137-16-8 
P5137-16-9 
P5137-16-10 
P5137-16-11 
P5137-16-12 
P5137-20-1 
P5137-20-2 
P5137-20-3 
P5137-20-4 
P5137-20-5 
P5137-20-6 
P5137-20-7 
P5137-20-8 
P5137-20-9 
P5137-24-1 
P5137-24-2 
P5137-24-3 
P5137-24-4 
P5137-24-5 
P5137-24-6 
P5137-24-7 
P5137-25-2 
P5137-25-3 
P5137-25-4 
P5137-25-5 
P5137-25-6 
P5137-25-7 
P5137-25-8 
P5137-26-2 
P5137-26-3 
P5137-26-5 
P5137-27-1 
P5137-27-2 
P5137-27-4 
P5137-27-4 
P5137-28-1 
P5137-28-2 
P5137-32-1 
P5137-32-2 
P5137-32-3 
P5137-38-1 
P5137-40-1 
P5137-40-2 
P5137-40-3 
P5137-40-4 
P5137-47-1 
P5137-47-2 
P 5 137-4 1-3 

14.3 
14.0 
18.8 
19.0 
10,4 
10.6 
14.3 
15.2 
16.1 
10.8 
11.4 
14.0 
7.3 
6.7 
10.4 
12.7 
11.3 
11.1 
14.7 
15.9 
18.9 
16.1 
18.4 
16.4 

14.5 
, 23.1 

21.4 
20.5 
21.2 
19.0 
20.4 
21.6 
21.8 
23.0 
23.0 
26.2 
26.5 
26.3 
26.9 
20.0 
21.1 
27.1 
27.0 
22.6 
22.2 
26.9 
21.9 

26'. 2 
25.4 
27.4 
27.0 

1 4  .a 

21.4 
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4.5 
4.8 
4.8 
4.8 
5.0 
5.1 
4.5 
6.5 
6.5 
7.6 
8.8 
8.8 
8.8 
5.8 
6.2 
6.2 
4.9 
4.9 
5.6 
2.9 
4.0 
3.8 
3.6 
2.1 
2.0 
2.0 
5.4 
3.4 
4.3 
5.4 
2.7 
4.3 
3.2 
4.0 
4.1 
0.6 
0.8 
7.1 
7.0 
7.0 
3.0 
3.0 
8 
4 

4.8 
10 

10.8 
11.4 
11.4 
8.8 
8.3 
8.6 
7.3 

26 
26 
5 
5 

60 
60 
26 
26 
25 
60 
26 
4 

60 
60 
26 
3 
3 

26 
26 
7 
7 

3.5 
10 
10 
10 
10 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
2 
2 
3 
3 
3 .  
4 
4 
3 
4 
4 .  
4 
4 

. 4  



74 
75 
76 
77 
78 
79 
80 
81 
82 

84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
LO 3 
104 
105 
1 ,O  6 
LO 7 
108 
109 
110 
111 
112 
113 
114 
115 
116 
117 
118 

. . 119 
120 
121 

a3 

P5137-48-6 
P5137-55-2 
P5137-69-2 
P5317-69-3 
P5137-57-1 
P5137-57-2 
P5137-70-1 
P5 13 7- 7 3-1 
P5137-73-2 
P5137-80-1 
P5137-81-1 
P5137-92-1 
P5137-92-2 
P5137-92-3 
P5137-92-4 
P5137-92-5 
P5137-92-6 
P5137-92-7 
P5137-93-1 
P5137-94-1 
P5137-96-1 
P5137-96-2 
P5137-96-3 
P5137-96-4 
P5137-96-5 
P5137-96-6 

, P5147-96-7 
P5137-96-8 
P5137-96-9 
P5137-99-1 
P5137-98-6 
P5137-99-11 
P5137-96-12 
P5137-98-13 
P5137-98-14 
P5137-117-2 
P5 13  7-117-3 
P5137-117-4 
P5137-123-1 
P5137-123-2 
P5137-123-3 
P5137-123-4 
P5137-123-5 
P5137-123-6 
P5317-127-1 
P5317-127-2 
P5137-127-3 
P5137-127-4 

24.6 
24.0 
22.5 
22.0 
17.2 
11.7 
19.0 
14.7 
14e7 
22.0 
20.9 
22.4 
21.3 
17.8 
11.7 
10.0 
19.2 
17.6 
20.0 
24.8 
20.2 
18.2 
10.6 
11.8 - 22.1 

, 24.5 
10.7 
10.4 
9.4 

24.8 
24.5 
20.4 
18.4 
19.5 
15.1 
24.7 
25.1 

24.8 

25.9 
12.9 

' 18.1 
19.7 

17.3 

13.1 

20.5 

23.4 

16.9 

15.9 

4.7 
3.2 
3.4 
3.4 
6.9 
6.9 
6.0 
3.7 

4 .O 
8.5 
4.5 
3.9 
4.8 
3.7 
4 .O 
4.0 
3.9 
4,s 
2.9 
3.1 

2.4 
2.4 
3.9 
3.9 
3.9 
1.12 
1.12 
1.12 

11 
4.6 
8.0 
7.0 

3e8 
4.8 
3.2 
3.2 
4.4 
3.2 
6.5 
1.9 ' 
1.5 
2.3 
2.1 
2.1 
2.9 
3.1 

2e4 

5.3 

4 
4 

LO 
10 
4 
4 
4 

L O  
10 
5 
4 
4 
4 

24 
55 
55 
4 
4 
2 
2 

27 
3 

59 
60 
27 

5.5 
5 

23 
59 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
5 
5 

27 
27 
27 
26 
26 
26 
49 

4 
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BLADES LABORATORY NOTEBOOK P-5198 (RX 184) 

i3umber 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 

- 

. .  

Notebook Code F i b e r  Tenacity (gpd)  E B a t h  Temp. ( O r . )  

P5198- 1- 1 
P5198-1-2 
PSl98-1-3 
P5L98-1-4 
PSL98-2-2 
P5198-2-3 
P519 8 - 2-4 
P5198-3-1 
P5198-3-2 
P5198-3-3 
PSl98- 3-4 
P5L98-4-1 
PSl98-4-2 
P5198-4-3 
P5198-5-1 
P519 8-6-1 
PSL98 - 6-2 
P5L98-7-1 

P5L 9 8 -9-2 
P519 3 -9-1 
P519 8-9-2 
P5L98-3-3 
P5198-108-1 
P5 19 8- 108-2 
P5198-108-3 
P5198-131-1 
P5L98-131-2 
P5 19 8- 131-3 
P5198-131-7 
P5198-134-1 
P519 8- 134-2 
P5198-134-3 
P5198-134-4 
P5L98-134-5 
P5L98-134-6  
P5198-134-7 
P5L9 8- 134-8 

~ 5 ~ 9 a - 8 - i  

22.7 
21.1 
24.1 
22.9 
25.9 
24.1 
20.7 
21.7 
23.6 
25.3 
L8.7 
21.9 
23.6 
20.9 
20.3 
20.3 
16.8 
21.3 
23.1 
21.4 

- 22.5 
, 21.8 

21.4 
. 15.7 

14.5 
18.1 
4.8 

9.6 
4.3 
9.4 

11.5 
14.8 
15.6 
20.4 
18.1 
14.3 
23.7 

a .4 

3.2 
2.8 
1.9 
1.9 
8.5 
7.4 
7.4 
4 09 
5.5 
8.6 

11.6 
9.2 
6.2 
6.8 
3.5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.0 
3.0 
3.0 
3. L 
3.0 
2.9 
1.5 
2.4 
3.8 
1.3 
1.1 
2.0 
1.6 
3. L 
5.5 
8.3 
9.5 
4.9 

BLADES LABORATORY NOTEBOOK P-5304 (RX 

Number Notebook Code F i b e r  Tenacity (gpd) Ssp 

1 P530 4-31-1 18.8 3.9 
2 P530 4-32-1 13.5 3.96 
3 P53 0 4- 32-2 14 .O 3.96 
4 P5304-32-3 13.6 3.66 
5 P5304-32-4 12.5 3. LO 

1 
1 
1 
1 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
3 
4 
4 
3 
3 
3 
5 
5 
5 

1 2  
1 2  
1 2  
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

184) 

Bath Temp. ("C.) 

1 3  
14 
14 
14 
14 
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6 
7 

9 
10 
11 
12 
13  
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

a 

P5304- 32-5 
P5304-43-1 
P5304-43-2 
P5304-43-3 
P5304-4305 
P53Q4-46-1 (pg. 
P5304-46-2 
P5304-46-3 '?lr I 

P5304-56-1 

P5304-58-2 

P5304-58-4 
P5304-58-5 

P5304-59-1 
P5304-59-2 
P5304-49-3 
P5304-59-4 
P5304-59-5 
P530 4- 59-6 
P53OJ-59-7 
P5304-53-8 
P5304-59-9 
P5304-59-10 
P5304-59-11 
P5304-59-12 
P5304-80-1 
P5304-80-2 
P5304-80-3 
P5304-80-4 
P5 30 4 -80-5 
P5304-85-6 
P5 30 3- 119-1 
P5304-119-2 
P5304-119-3 
P5304-135-1 
P5 30 4 - 135-2 
P530 4-140-4 
P5 30 4-140-5 
P5304-140-8 

P5304-46-7. . 

~5304-58-1 

PS 304-5 a-3 

~5304-58-6 

13.7 
22.6 
21.9 
19.4 
21.9 
9.8 
10.7 
10.1 
13.9 
21.4 
19.6 
18.1 
19 .e 
19.8 
21.6 
15.8 
18.3 
15.8 
14 -0 
12.3 
12.0 
11.2 
9.2 
13.1 

* 17.8 
20.8 
21.9 
9.2 
20 
13.3 
11.4 
10.3 
7.1 

23.8 
19.3 

21.3 
23.3 
22.4 
18.0 
1609 
15.1 

18.5 

3.60 
3.5 
5.2 
3.7 
3.8 
1.3 
1.5 
1.5 
1.7 
7.5  
4.3 
4.1 
4.1 
4.1 
4.3 
4.5 
4-35 
4.6 
4.4 
4.4 
4.6 
4.7 
4.3 
7.2 
4.7 
4.3 
4.4 
3.9 
2.9 
2.8 
3.4 
3.2 
3.1 
3.3 
2.9 
4.3 

3.5 
5.7 
3.0 
5.6 
6.8 

3.8 

BLADES LABORATORY NOTEBOOK P-5450 ( R X  196) 

14 
14 
14 
14 
14 
15 
15 
15 
15 
14 
15 
25 
21 
10 
3 
32 
20 
30 
36 
40 
50 
60 
69 
65 
14 
9 
0 
75 
3 

27 
49 
51 
82 
3 

21 
21 
21 
1.5 
1.5 

1 
1 
1 

Number Not e book F i b e r  Tenacity (qpd) SSF B a t h  Temp. ('C.1 - - 
1 P 5 4 50-1-1 1 
2 P5450-1-L2 
3 P5450-4-1 
4 P54 50-4-2 

10.4 
8.6 

23.7 
23.0 

4.3 
4.3 
2.9 
4.5 

c 

f 
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5 P5450-4-3 
6 P 5 4  50-4-5 
7 P5 4 50-4-6 
8 P5450-4-7  

21.6 
21.6 
17.9 
17.1 

6.6 
3.0 
7 . 7  
2 . 4  

Respondents Summar izing the data listed above from Blades' laboratory reported 
the lollowing: 

Lab. Notebook No. Total Runs No. 15 9pd No. 18 gpd No. 20 gpd 

40 24 16 

29 26 23 
27 22 12 

4 4 
175 140 103 

73 57 4a 

- - 6 - 
Thus respondents state t h a t  64.6% ot  Blades' runs resulted i n  fibers 

posscssinq tensile strengths over 15 gpd, 51.7% resulted in Libers possessing 

tensile strengths over 18 9pd and 38.01 resy1tc.l in fibers possessing tensile 

strengths over 20 qpd. (RPFFR 806, 0 0 8 ) .  

244. ',fork on nlades' invcntinn Yas coclnd at Du Pont as "PRO-58". 

(Rlwles, CX-8271 p. 19). 

245. I n  late J u l y  and early August 1970 l3lados designed additional 

mechanical p a r t s  of t h e  coaqulation bath as 5how.l in th? sketch below: 
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I!e pos i t ioned In t h e  Imth and j u s t  Selo!? i t s  s u r f a c e  a t u b e ,  f r e q u e n t l y  

r e f e r r e d  t o  as a s p i n  tube ,  wSlch f a c i l i t a t e s  the passage of  the  f i . b e r  through 

t h e  bath. Using t h i s  d e v i c e ,  enoueh yarn v a s  produccd t o  produce yarn t o  make 

t i r e  cords  w i t h  e x c e p t i o n a l l y  good p r o p e r t i e s  ( t e n s i l e  s t r e n g h t s  of  1 7  :pa> 4 

(CX-Rl f l ,  CX-801; B l a d e s ,  Cx-327, p. 20). 

24-6. According t o  :Isgat the  breakthrough in t h e  B lades  process  

whic!i allowed the preparat ion  of an "outstanding f i b e r "  was t h e  conbinat ion  of 

f i v e  f e a t u r e s .  v i z .  f l )  ?PI?-T of ( 2 )  Inherent  v i s c o s l t y  ahove3, (3) an 

c o n c e n t r a t i o n  of ?P percent  ~ 3 - y  in (d )  39 t o  100  percent  c o n c e n t r a t e d  

sulfuric a c i d  and spinninp,  the said s u l f u r i c  a c i d  dope s o l u t i o n  through (5) an 

a i r  gap. Xannt agreed t h a t  each of these  f i v e  f e a t u r e s  were present  w i t h i n  

Font p r i o r  t o  Olades' f i r s t  spinning of a sulfuric acid dope on March 18,  1070 

except  f o r  the 2fl percent  c o n c e n t r a t i o n .  (!fagat, Tr. p. !57, I s .  1-14) 

74'. In a Ilu Pont T e x t i l e  T i b e r  Pepartnent  r e p o r t  dated September 

; t h a t  t h e  e a r l y  2 1 ,  l V 1 ,  i t  rras said t h a t  

work of .Xorgrrn and T:r?oLel: ha.! demonstrated t h a t  an n r o n a t i c  polyanide having a 

L , 4  r i n g  linkage conf iRurat ion  could be formed i n t o  an i  s o t r o p i c  s o l u t i o n s  

which t h e n  could  he spun t o  f i b e r s  with e x c e p t i o n a l  s t r e n g t h  and r i g i d i t y ;  

tha t  i n  :'arch l n 7 P ,  f o l l o v i n g  a review a t  the  c o r p o r a t e  l e v e l ,  a venture  

e f f o r t  based on t " i 5  wor!: vas e s t a b l l s h e d  and t a s k  f o r c e s  riere o r z a i n i z e d  a t  

!)oth Richmond and a t  ? foneer lng  ".esearch Lahorntory with the o b j e c t i v e  of 

?ctiievinp, fornal Yew Venture s t a t u s  * I f t h i n  I!! nonths .  The s e l e c t e d  candidate  

!la5 poly 1, l -benzanlde and t h e  process  involved wet s p i m i n g  f r o n  an organic  

s o l v e n t .  An a l e r n a t l v c ,  po ly  1, h - p ~ e n y l e n e t e r e p h t h a l ~ ~ i d e  (PP?-T) ?ad heen 

r e j e c t e d  as t h e  c n n d i t a t e  o f  c!?oice hecnuse o f  polvner f n t r a c t a b l l i t Y  an('. 

r e s u l t a n t  d i f f f c u l t f e s  in t5e s p i n n f n g  process  f n c l u d f n g  Loss of nnisotrophy. 



I t  was said that while supporting the development prowan for poly  

1,4-benzanide, Du ? o n t * s  John C r i f f i n g  recognized that  a venture based on an 

intermediate containing two in terac t ive  :,roups would requi re a complicated 

nonomer preparation process which, i n  turn, w o u l d  make the venture nore 

expensive than one based on IJPTI-T; that he further recognized that the t e n s i l e  

Properties at ta inable  w i t h  t h i s  polyner coupled wi th  the anticipated c o s t ,  

were probably insuf f i c ient  to break into the i n p o r t a n t  t i r e ,  cord narket ;  that  

based on t h i s  ana lys i s ,  Criffing concluded that a progran hased on PFD-T had a 

nuch irnproved chance o f  comnercial success if the d i f f i c u l t i e s  stenning from 

polyner  intractahi  l f t y  could he overcone; that  he convinced h i s  management 

that e f f o r t s  t o  develop PPD-T as on a l ternat ive  should not be terminated, but 

that n small group should vork concurrently to explore p o s s i b i l i t i e s  that a 

s p i n n i n y  process needed t o  make i t  a viahie  candidate could be developed; that  

the object fve  was to  define w i t h  extreme rapidity the potent ia l  of PPD-T 

versus that of  the chosen poly 1-,4-benzanide; and that Slades was given a key 

responsL5iUty i n  t h i s  e f f o r t .  ' (PX-2152, p. 7). 

341. The ceptenher 21, l " 3 1  Du Pont T e x t i l e  Fibers Departnent 

report furt5er  stater! that as the f i r s t  part of the a l ternat ive  progran, 

:,lades was assigned the ohject fve  o f  developing a p r a c t i c a l  route to a 

!Iigh-tenacity t l r e  cord candidate based on ??D-T; that found t h a t  concentrated 

spinnahle solutions of t h i s  polyner could he prepared i n  hot, anhydrous 

su l fur ic  ac id ;  t11,it  within a nonth a f t e r  assiznnent,  Clades demonstrated that  

these solutions could be spun from a heated spinneret through an a i r  gap and 

coalesced w i t h o u t  loss  of anfsotropy to  forn unusually strong f i lanents  w i t h  

uniforn cross-sectlonnl or ienta t ion ;  that he then refined the apparatus and 

denonstrated n 111:h-speeJ laboratory process vhlch produced f i l a n e n t s  having 
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1’ gpd t e n a c i t y ;  t h a t  over the next t h r e e  months, o t h e r s  assigned t o  expand 

t h i s  developnent achieved s t r e n g t h s  above 30 gpd; t h a t  t h i s  accompllshnent is 

the basis f o r  t h r e e  key p a t e n t s  f o r  w h i c h  filades was the i n v e n t o r :  U . S .  

Patent 3,767, 756, Dry J e t  Spinning P r o c e s s ;  U.S. Tatent 3,863,1.23, 1:igh 4 

Strength  Polyamide F i b e r s  and P i l n s ;  and U . S .  Patent 3,369,430, i!igh ! :odulus ,  

I!igh Tenac i ty  Poly (p-phenylene terephtha lanide)  f i b e r .  It was said that  
t 

C r i f f i n g  recognized that  t h i s  was the hreakthrougli required t o  demonstrate the  

super ior  p o t e n t i a l  of  PPT-T; t 5 a t  he then persuaded nanagenent t o  a l l o c a t e  

a d d i t i o n a l  manpower t o  e x p l o i t  the hi,gher property l e v e l s ;  t h a t  by August, ten 

r e s e a r c h e r s  were d i r e c t l y  ass igned t o  ??by, a l e v e l  approaching t h a t  o f  poly 

1,4-benzanide f i b e r s ;  tl iat t h e  c l e a r  o b j e c t i v e  was t o  demonstrate t h e  

P r a c t i c a l  p o t e n t i a l  of 7PP-T versus  poly 1,4-benzanide p r i o r  t o  the f o r n a l  IIew 

Venture d e c i s i o n  t o  be nade the fo l lowing  year. T h e r e a f t e r  PPP-Y replaced  

poly  l , l - b e n z a c ~ i d e  f o r  development. “!:evlar“ f i b e r  was adopted as a c o r p o r a t e  

new Venture developnent prograr! .on January 1 ,  1?71. (PX-?1.59, pp. 2-31. 

, .  24”. A Pu pant T e x t i l e  F i b e r s  neportment r e p o r t  dated September 21 ,  

l n ? l  showed t h a t  

2 5 0 .  At the t i n e  o f  Pr. Blades’ i n v e n t i o n ,  t h e r e  rrere two 

approaches t o  producing polyner f i b e r s  c r i t h  l i i g h  t e n a c f t y  and modulus. They 

vere the t r a d i t i o n a l  approach vrhich enploys e x t e n s f v e  draving ( s t r e t c h f n g )  of 

f i b e r s  in pst-spinning operat ions  t o  i n p a r t  o r i e n t a t i o n s  i n  the f i b e r  :t:agat, 

i’r.,  pp. 577-5”; T:hlnanq, Y r . ,  pp. n?7-?n, n 7 n ;  B a i l e y ,  Tr. ,  pp. 2265-46) and 



the Du Pont approach using liquid crystalline (i.e., - anisotropic) solutions of 
certain para-positioned aromatic polyamides to form fibers which have high 

as-spun properties. (Uhlmann, CX 835, pp. 29-31; Flory, CX-1141, pp. 2-31. 

251. In the traditional approach of making fibers (which d i d  not 

involve liquid crystalline solutions), one starts with molecules that are 

highly irregular: they are commonly referred to as randomly coiled, L m g  

molecular chains. The lengths may be 100 or 1000 times their diameters. The 

fibers are extruded from a polymer melt or solution in which the molecules are 

entangled with one another. Ideally, however, one wishes to align the 

moleculus in a fiber so that they lie parallel to one another rand are 

straiqhtened out to rectilinear form. To that end, in the conventional 

approach, or ientation an3 partial xder inq of the polymer chains are achieved 

by drawing or stretching the fiber to a very high degree after the fiber is 

coagulated or solidified. ('Jhliann, Tr., pp. 937-38; Bailey, Tr., pp. 

2245-48). While such drawing does provide an increase of strength and 

modulus, even aEter such dravinq there remains disordered regions in such 

fibers which nay constitute 10, 21) or 3 0 %  of the naterial. These are sources 

of weakness in conventimal fibers an3 set limits on their strength. (Flory, 

CX-1141, pp. 2-31. 

2 5 2 .  In using the traditional approach, post-spinning stretches of 

2x-lox were commonly employed, with stretches in the range of 5x being 

typical. The use of S J Z ~  extensive drawing of fibers to produce commercially 

attractive proddcts 5dts2s : l ack  at least to the pioneering work of Carother: On 

nylon in the 1930's. necause ;Jch extensive dravinq is an integral part of 

, the process, the characteristics desir.ed in the as-spun fibers include low 
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crystallinity, small crystallities and minimum orientation. (Uhlmann, cx 8 3 5 ,  

p. 3 0 ) .  The process of the Xorgan '645 patent employs this conventional 

approach to fiber making. (CX 8 5 2 - 2 2 ,  RX 5 8 ;  Xagat, Tr., pp. 557-58; U h l m a n n ,  

Tr., p. 977). 

253 .  In contrast, in the DuPont approach, certain polymers which 

have molecules whose molecular structure dictates highly extended 

configurations are conducive to the formation of the liquid crystalline phase 

when dispersed in a solvent. This liquid crystallinity is the consequence of 

their high asymmetry of shape. Molecules such as PPD-T are so highly 

elongated that, above a certain concentration, they are forced to adopt a 

semi-parallel arrangement with one another. In adopting this Organization, 
- 

the entanglement O E  conventional polymers is eliminated. When such solutions 

are acted ilpon by external Eorces'such as shear or flow in extruding a fiber, 

palymer fibers can be spun with an exceptionally high degree of molecular 
+ 

orientation. (Flory, CX -1141 ,  p. 3 ;  Bailey, Tr., pp. 2245-48) .  

254 .  In spinning solutions in accordance with the DuPont approach, 

liquid crystalline domains in the spin dope are preferentially oriented along 

the fiber axis, resulting in as-spsn fibers ssith attractive strength and 

modalus. The rigid para-positioned molecules in the as-spun fiber show a 

strong preferential alignment along the fiber axis. (Uhlnann, CX-835, PO 

3 0 ) .  The as-spun fibers cannot be appreciably stretched or drawn. (Yaqat, 

CX-301, p. 6, Tr. p. 620;  Uhlmann, Tr, pp. 940 ,  943-44;  Bailey, Tr. pp. 

2 2 4 8 - 2 4 9 ) .  

255 .  The 3u Pont approach to making fibers was developed at 

DuPont's Pioneerinq Research Laboratory in the mid 1960's. (Uhlnann, CX-835, 

p. 30).  
e This was the first instance in which liquid crystallinity in polymers 
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was exploited for the purpose of producing fibers of high strength and 

modulus. Magat, CX-801, pp. 5-61. 

2 5 6 .  "High tenacity" and "high strength" are relative terms and 

must be interpreted in their context of use. At the time of the Blades 

invention, "high tenacity", "high strength" meant 12 gpd. (Yagat, Tr. pp. 

1367-681 

257. In the wet spinning of para-aramide, there is a stretching or 

drawing OE a fiber; in contract in the Blades' process there is a stretching 

or drawing of the dope. (Uhlmann, Tr. p. 938, 1. 18, p. 939, 1. 2 ) .  

258. In the Blades' process orientation is frozen as soon as the 

dope solution hits the coagulation bath or very soon thereafter. (Bailey, Tr. 

2 2 4 6 ,  IS. 13-20). 

259. While poly(m-phenylene isophthalamide) an3 p o l y  (p-phenylene 

terephthalanide) have identical ehenical Eornulas, the "Nomex" and "Kevlar" 

fibers respectively made from them have Aramatically different properties. 

Besides aefecting chain sti€fness, the change from meta-positioned to 

para-positioned aromatic rings has a profound efEect on solubility. For 

example, while the meta-positisned poly(m-phenylene isopthalamide) is highly 

soluble in dimethylacetamide/CaC12, and is spun commercially from such 

soluti3ns containing about 1 8 %  polymer, the para-positioned PPD-T comparable 

molecular weiqht is effectively insoluble in this solvent. The change from 

meta-positioned to para-positioned aromatic polyanides, and its accompanying 

effect on chain stiffness, has another dramtic effect on solution behavior. 

The meta-positioned polymers form isotropic solutions at all concentrations of 

polyaer. In contrast, with the para-positioned PPD-T, anisotropic Solutions 

Can be formed sbove a critical concentration. Anisotropic solutions contain 
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liquid crystalline domains, while isotropic solutions do not. Nithin each 

liquid crystalline domain, the molecules are aligned in a given direction, but 

the direction of alignment is di€ferent in different domains. Such 

anisotropic solutions exhibit pronounced optical birefringence. (Yhlrnann, 

cx-835, p. 8 ) .  

Moroan U.S. Patent No. 3.414.645 

260. U.S. Patent 3,414,645 issued to Herbert S .  Morgan Jr. (Morgan 

' 6 4 5 )  on December 3, 1968 from an application filed JJne 19, 1964 (Serial No. 

376,363). It is assigned to Yonsanto Company. (CX-852-53, RX-58, col. 1, 1s. 

1-17) 

261. The l.1organ '645 patent relates to a process of extruding a 

wide rsnge o€ wholly aronatic polyamides in spinning dopes from an orifice 

through a layer of gas into a coaqulating bath to form fibers. (CX-852-22, 

RX-58, col. 1, 1s. 1 1 - 1 5 ;  Davis, RX-2,pp. 7-8; Bailey Direct, RX-3, p. 7 ) .  

There is no disclosure 03 the Horqsn patent of development of orientation and 

desirable mecnanital properties in as-spun fibers. (Uhlmann, CX-835, pp. 3 3 ,  

T r .  p. 977; Cx-1147, p.  4). 

262. The :lorqsn ' 645  process leads to the preparation of 

high-strength, therma: ly resistant fibers from wholly aromatic polyamides. 

RX-58, col. 1 ,  1s. 22-25, an:! 2 0 1 .  3, 1s. 8-11). 

263. In E x a a ; ; e s  I 1  and XI1 of the Yorgan '645 patent, it is shown 

that dry-jet wet spinnlng of wholly aromatic mixed meta- and para-oriented 

polyanides results in a filanent having about twice the tensile strength of a 

filanent wet spun Erom the same solution, (Davis, RX-2, p. 1 5 ;  Norgan ' 645  

patent, R X - 5 9 ,  c o l .  8 ,  Is. 5-33, end T a b l e  2). 
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264. In Exanples X I  and I11 of the Morgan ' 6 45  patent. PPD-T is 

not employed and the Eiber from the aqueous spin bath was stretch and drawn a 

plurality of draw times. (RX-53, col. 8 ,  1s. 6 -32 ) .  

265. The specification and all of the examples of the Morgan '645 

patent call for post-coagulation draw ng of the fibers to produce orientati3n 

and the desired mechanical properties 

his process following coagulatim, 3n orientation stretch in a hot bath. 

(CX-852-22, RX-58, col. 5, 1s. 3 3 - 3 7 ;  col. 7 ,  1s. 3-5; Figure 1 stretch bath 

9 )  and thereafter another hot drawinq step. (Cx-852-22; RX-58, col. 5, 1s. 

66-69; 1 s .  6-8; Figure 1 hot pin 13, shoe 14 and drawing rolls 1 5 ) .  (Bailey, 

Tr., pp. 2250-52; Uhlmann, Tr., pp. 942-43). I n  Figure 1 of Morgan the 

orientation stretch bath 9 and draw rolls 10 provide the first post 

coagulation stretching and then hot pin 13, shoe 14 and drawing rolls 1 5  

Morgan discloses, as integral parts O f  

provide a second post coagulatim stretch. (CX-852-22; RX-58, Figure 1; 

Uhhann, CX-835, pp. 3 8 - 3 9 ) ,  

266. The examples in the #organ ' 645  patent use total 

post-cDagulation draws of 1 . 7 ~  to 5.62x, with most of the examples using total 

Tost-coagulation draws OE about 3.6% (i.e., - orientation stretch 2.1% plus a 

hot draw 1 . 7 ~  dhich Table 1 represents a s  optimum conditions). (CX-855-22; 

RX-58, col. 7, Table 1, "Optinurn Conditims"). Such post coaqu1ati:m draws 

are in the range oE those conventionally employed i n  the processing of textlle 

fibers such as nylon, polfacrylonitr ile and polyethylene terephthalate. In 

such processing, the achieveinent of 3 high degree of orientation and 

crystallinity in the as-spun fibers is not a desireaturn of the process since 

they would render difficult the ssbsequent drawing operation and lead to 

filament breakage i n  the drawing. (Uhlnann, CX-835,  pp. 39-40). 
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267.  The combination of properties in the fibers produced by Morgan, 

even after the extensive post-coaqulation drawing, is very different from the 

properties o f  Blades' as-spun fibers. Morgan reported the highest tenacity as 

7 gpd and an elongation of 33%, compared to Blades' which can be as high a s  20 

gpd and 3-4% elongation. (Uhlmann, CX-835, p. 4 0 ) .  

268.  The highest tenacity of any fiber described by Morgan in the 

' 6 4 5  patent is notably inferior to the tenacity of drawn nylon filaments 

available at the time (about 10 gpd). (Uhlmann, CX-835, p.  40). 

269. Nowhere does the Morgan ' 6 4 5  patent disclose a specific 

example where makes a fiber ot PPD-T. A l l  the examples refer to 

meta-positioned polymers. Yeta-positioned polymers form isotropic solutions 

at all concentrations of  polymer and do not form Liquid crystalline 

solutions. ('Jhlmann, CX-835, p. -81. Nowhere does the Morgan '645 patent 

disclose the spinning oE fibers using liquid crystalline (k anisotropic) 

solutions or dopes. ('Jhlmann, Tr., p. 968). 

270. The only para-positioned polymer that is named in the Morgan 

' 645  patent, excluding the reference to other patents in col 1, is the 

co-polymer poly (4,4'-diaminobenzaniLide terephthalamide) pictured in col, 2, 

which has been designated 4,4'-DAET. The 4 , 4 '  DABT polymer mentioned in the 

Xorgan '645 patent is d specific limited order copolymer (Davis, Ts. pP* 

2187-88). It is not a qroup of co-polymers. (Yagat, Tr., --. 429, 589; 
Davis, Tr. pp. 2187-88). 

271. 4,4'-DA3': I S  structurally different from the random 

co-polymers made up of PPD,  1,4B and T monomers. (Davis, Tr, , pp. 2192-93) 

The nunber ol random polymers lnade up of PPD (paraphenylene diamine) monome.rs, 

1,4B monomers and T monomers are almost infinite and their properties vary 
? 

depending on aonomer content. (Davis,' Tr., pp. 2185-86). 
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2 7 2 .  The term "4,4'-DABT type copolymers'' is not an a r t  recognized 

term. (Magat, CX-1143, middle p. 2 to middle p. 3 ) .  The Morgan ' 645  patent 

does not describe a group of "DABT type" co-polyners. (Davis, Tr., p. 2 1 8 8 ) .  

273. Morgan '645 patent has no example disclosing how spin dope? 

containing 4,4'-DABT might be prepared, how fibers of this polymer might be 

span nor what-the resultant properties may be. (Uhlnann, CX-835, pp. 33: 

274. All the examples in the Morgan '645 patent dissolve the 

meta-positioned aronatic polyarnides in amide/salt solvents. Further, 

according to Norgan, "it is desirable and convenient to use the same solvent 

€or plymeritation and spinning." ICX-852-22, RX-58, at col. 3 ,  1s. 6 5 - 6 6 ) ;  

and dimethylformamide and dimethylacetamide containing up to 10% by weight of 

dissolved metal salts are reqarde'd as "especially useful." (CX-852-22; RX-58 ,  

c o l .  3, 1. 71). Morgan also discloses the use of particular solvent 

extraction agents to help remove the solvent Erom the coagulated fibers for 

large diameter fibers spun from polymers with modest inherent viscosities. 

('Jhlmann, CX-835, p. 8; CX-852-22 (RX-58) at col. 6 ,  1s. 3-46). 

275. Also consistent with Norgan's Eocus on a.nide/salt solvent 

systems in his concern about eliminating salts from the fibers (CX-852-22, 

RX-58, col. 4 ,  1. 50, col. 5 ,  1. 50) and his selection of specific Solvent 

extraction agents - both of which are speciEically directed to amide/salt 
solvents. (Uhlmann, CX-835, p. 3 5 ) .  

276. Morgan sugqests the use of solution concentrations of LO-30% 

of ?olymer and preferably 12-20% in his spin dopes. (CX-852-22, RX-58, cole 

4 ,  Is. 24-27). In 1964, at the time of the filing of the Norgan patent 

application, solutions of para-positioned wholly aromatic polyamides with 
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concentrations o€ 10-30% were unknovn. (Flory, CX-1141', p. 7 ) .  In fact, in 

1964 even the manifestation of liquid crystallinity on the part of 

para-positioned polyamides had not been demonstrated. (Flory, CX-lL41, p .  

6 ) .  !40rg3n1s 10-30% polymer concentration range is consistent with his focus 

on meta-positioned polyamides in amide/salt solvents which are typically 

dissolved in such concentrations. (.'fagat, Tr., p. 5 6 2 ) .  It was Well known 

that paca-positioned polyamides, and particularly PPD-T, are much less solubLe 

than meta-positioned polyamides; there is no reference in the literature to 

para-positioned aronatic polyamides being dissolved and spun into fibers at 
, 

the tine the Morgan '645 patent application aas filed in 1964. (Vhlmann, 

CX-835, p. 36). 

277. Yorgan does not disclose forming concentrations of 12-20% €or 

any para-Fsitioned polyamide, anh there is no teaching as to how they could 

be achieved for the highly intractable PPD-T. (Uhlmann, CX-835, p. 36; 

CX-952-22, RX-58) e 

278. Morgan's reference a t  colunn 4 ,  lines 5-6 to a broad range of 

elevated temperatures of 30 to 12O'C. reCers to the extrusion temperature. 

Since it was well known to adjirst the temperature of extrusion as a neans of 

varying the viscosity of the solution for spinning, this was simply a teaching 

of adjusting spinning conditims. This mention of extrusion temperature is 

not a disclosure of nixing conditions for preparation of the dope since the 

nixing and extrusion operations are carried out separately with different 

apparatus and conditions. (Uhlnann, CX-835, pp. 36-37) .  Nowhere in the 

Yorgan '645 patent is there any specific disclosure as to how his spin dope 

solutions are prepared. (Weijland, Tt., p .  3282) 
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2 7 9 .  There is no disclsure in the Horgan ' 6 4 5  patent that the 

"as-spun" tenacity of d r y  jet wet spun EiSers is higher than that of wet spun 

fibers. The tensile strengths reported in the Morgan ' 6 4 5  patent refers to 

fibers which were drawn extensively after spinning. (Uhlmnn, CX-1147, p .  

12). On the contrary Or. Blades' first uork with spinning amide dopes us ing  

an air gap d i d  not result in improved fiber properties over corresponding wet 

spun dopes. (Blades, CX-827, p. 5). In addition, following H. Blades' 

initial use of an air gap in the spinning of PPD-T amide solutions in 1969, J. 

% B r i d e ,  another Du Pont research at Pioneering Research Laboratories, 

reporting to Blades, undertook a program aimed of assessing the use of an air 

gap in the spinning of anide dopes of 1,4B, ClPPD-T an? PPD-T. 

(CX-1144-1145). Fiber 3 (1,481 wet spun had consistently produced fibers with 

as-spur! properties T/E/?l = 12/6/500. YcBride using an air gap with the sane 

1,4B aaide dopes (PRD-27) was 2nable to get Setter properties -- his best 
propcrties as-spm Eor thcse anide dopes were T/E/M - 11.0/6.1/371. (CX-lL44, 

Table I ) .  NcBride could not get an;, better as-spun properties using an air 

gap with PPD-T amide solutlons ( P R O - 4 4 )  - his best properties as-spun €or 
these amide dopes were T/E/!I - 7.7/4.3/380. (CX-LLQS, table I). VcBride's 

work with an air gap and CLPPD-T-amide dopes resulted in lmer tenacities than 

PRD-27 (1,4B) (T/E/>l = 8.5/6.4/306). (CX-1144, Table 111). (Yaqat, CX-11.13, 

P o  8 ,  Tr. pa 581). 

280. The e?i)?.A?:; in the Morgan ' 6 5 4  patent is on wholly aromati: 

polyanides that are of  * ! .<e5 ne ta -  and para-orientatiDn. (RX-58, cols. 1, 2 ) .  
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281. The Yorgan ‘645 patent d isc loses  t h a t :  

There has recent ly  ar isen a need for shaped a r t i c l e s  o f  
improved high temperature res i s tance .  The need has been 
p a r t i a l l y  f i l l e d  by the provision o f  wholly aromatic 
polyamide compsi t ions  s u c h  as those prepared and described 
i n  ti.S. Patent 3,006,899 t o  K i l l  e t  a l . ,  3,049,518 to  
Ste2hens e t  a i . ,  3,068,138 to  Beste e t  a l . ,  3,079,219 t o  K i n g  
a n d  3,094,511 t o  s i l l  e t  a l .  Qther wholly aromatic polyamide 
compsi t ions  of Jnique s t r x t u r e  s u c h  as those i n  our 
copending applications Ser.  Yo. 222,930 t o  Preston,  now U.S. 
patent 3,240,760, Ser.  No. 222,932 t o  Preston e t  a l . ,  now 
U.S. Patent 3,232,910, Ser.  NO. 298,467 t o  S m i t h  e t  a l . ,  now 
U.S. Patent 3,354,125, Ser .  No. 347,392 t o  Preston,  now U.S. 
Patent 3,376,268 a n d  Ser. No. 347,385 t o  Preston,  now U.S. 
3,376,269, provide additional  unique wholly aromatic 
polyamide s tructures  and compositions o f  very h i g h  thermal 
s t a b i l i t y .  ( R X - 5 8 ,  col. 1 ,  I s .  25-41). 

282. The Morgan ‘645 patent d isc loses  that :  

The patents arid patent applications previously mentioned 
disc losed methods o f  prepar inq the wholly aromatic polyamides 
of  t h e  invention. Generally the wholly aromatic polyamides 
o f  t h e  invention nay be piepared conveniently and preferably 
by combining an aromatic)diacid chlor ide  and an aromatic 
diamine i n  the Lower aklylanide solvent to produce t h e  
desired polyamide and the by-product, hydrogen chloride.  The 
hydrogen chlor ide  n u s t  be neutralized or removed to prevent 
i t s  harmful e e f e c t s  t o  the resul t ing a r t i c l e s .  Neutral i -  
zation of  the hydrojen choloride may be conveniently 
accomplished by a i r l i n g  in a l k a l i ,  or a l k a l i n e  e a r t h ,  metal 
base t o  form a s a l t  ac id  vater.  

(CX-852-22, R X - 5 8 ,  C O L .  3, 1s. 39-51). 

283. The Horqan ‘645 patent d isc loses  seven solvents  that  may be 

d s e d  as the solvent €or t h e  polyamides t o  be spun v ia  the Norgan ‘645 

process.  One o f  the solvents disc losed i s  “concentrated s u l f u r i c  acid.” The 

other s i x  solvents  are  orqanic solvents.  (Cx-952-22, RX-58, c o l .  3, 1. 65, 

c o l .  4 ,  1. 4 )  0 
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2 8 4 .  The gap in the Xorgan '645 process comprises a gas, e.g., air, 

and i s  1/8  to 1-1/2 inches (0.3 to 3.8 cm.) thick, and preferably about 1/2 a n  

inch (1.3 cm.) thick. ( R X - 5 3 ,  col. 4, 1s.  18-20, ani col. 1 6 ,  1. 6 7 ) .  

285. The temperature of the coagulation bath in the Morgan '645 

process may be Erom 10°C. to 50°C., preferably 15OC. to 25OC. (CX-852-22, 

R X - 5 8 ,  C O l .  S i  1s. 26-27]. 

286. The coagulation bath in the Morgan ' 645  process may be 

aqueous. (CX-852-22, RX-58, col .  4 ,  1s .  67-68, col. 5, 1s. 11-14, and C O ~ .  7 1  

I s .  33-34). 

287. The Morgan '645 patent further discloses that after a fiber is 

formed in the coagulation bath, the fiber may ondergo various post-spinning 

treatments, e.g., stretching, washing, finishing, drying, and/or hot drawing. 

(CX-852-22, R X - 5 8 ,  C O ~ .  5 ,  1. 3 3 , ' c o l .  6, L. 47,  and col. 6 ,  1. 7 2 ,  COl. 7 ,  1. 

5 1 ) ) .  
+ 

288 .  The uhDlty aromatic polyamides disclosed in the Morgan '645 

patent have inherent viscosities of from about 0.6 to 3.0 or higher and 

preferably above about 2 . 0 .  (CX-852-22, RX-58, col. 4 1  Is.  36-37). 

289. The polyamides disclosed in the Morgan ' 645  patent are present 

at a concentratisn of Erorn about 10% to about 30% by weight of the solvent, 

2reEerably 15% to 22% by weight of the solvent and, most preferably, 20% by 

weight of  the solvent. (Cx-852-22, RX-58 ,  c o l .  4, 1s. 24-27 and col. 7,  1. 

30) 

290,  The : 4 o r ? ~ n  '645 spinning dope may be prepared and extru5ed"st 

temperatures of 3OoC. to 120°C. (RX-58, col. 4 ,  11. 5-6). In Table 1 of the 

X O r g a n  '645 patent, the preEerred "Dope temperature at jet" is given 3s 4 0 O C .  

to 130°C., while the optimum temperature is said to be 7OOC. (CX-852-22, 

RX-58,  Table I ) .  
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291. The Morgan '645 patent states" 

The fibers produced according to the process of this 
invention have excellent strength, outstanding thernal 
stability and are highly lustrous. Fibers with such 
properties are particularly useful in shaped articles which 
find applications in uses requiring exposure to elevated 
temperatures. In the form of libers, filaments and other 
shaped articles they ace useful in applications such as 
electrical insulations, industrial filters, conveyor belts, 
tire cord, heat resistant parachutes, protective clothing and 
the like. 

t 

(CX-852-22, RX-58 ,  CO~. 1 2 ,  11. 12-21). 

2 9 2 .  H.S. Morqan, Jr., the patentee of the Morgan '645 patent, was 

sn employee o €  the Monsanto Company. Monsanto owned the Morgan patent and the 

Smith '125 patent. 

Morgan's coworkers at Yonssnto presented a paper in 1967 at the International 

Syinposiuin on Xacromolecular Chemistry in Brussels-Louva in on 4lonsanto's actual 

making of 4,4'DABT fiber, 

Stable Fiber an3 Filn from the P o l y  Terephtalamide of 4,4' 

-Diaminobenzanilide" and was authored by J. Preston, R . W .  Smith, W.B. Black 

and T . L .  Tolbert. (CX-1148). 

Three years after the iiling of the Morgan '645 patent, 

This 'paper was published in 1969: "Thermally 

293. ThO authors of the paper (FF 292) expressed "their 

appreciation to H.S. :,lorJan for spinning the fiber samples." (CX-1148 p. 

865). They reported their actual in situ preparation 3f 4,4'DABT in HPT (the 

amide solvent HMPA). (CX-1148,~. 865).  Referring to 4,4'-DBT, the sane paper 

-- 

pointed out that "This fiber is the only one thst has been reported from a 

wholly aromatic polamide in vhich all the phenylene Jnits are para-oriented." 

(EX-1148 p. 856). There was no suggestion of sulPuric acid as d solvent. 

Rather, HPT (HXPA) was preferred and used. Moreover, fibers nade f r O l n  

4,4'-DABT were reported to have tenacities of only 5 gpd. at room 
i 

temperature. (CX-1148 p. 858). 

254 



2 9 4 .  Magat agreed that a 20 percent concentration is specifically 

identified as the optimum concentration in the Yorgan ' 6 4 5  patent but 

testified that the 20 percent in the Morgan ' 6 4 5  patent applies to an entirely 

different fiber process where fiber is span by a conventional process; that in 

the Xorqan patent there is an additional step or two not used in the B lades '  

process because in the latter there is obtained a fiber that is €ully-drawn 

right in the spinning step. (Yagat, Tr. p. 557, p. 15-p. 558,  p. 6 ) .  

Hill et a1 U . S .  Patent Nos. 3 , 0 0 6 , 8 9 9  and 3,094,511 

2 9 5 .  The Hill, et al. '899 and '511 patents referred to in the 

Morgan ' 6 4 5  patent each discloses a method for prepar inq polyamides including 

poly (p-phenylene terephthslanide) [PPD-TI and the respective monomers, 

p-phenylene 3ianine and terephthaloyl chloride, required for such 

preparation. (itill,  et al. ' 899  patent, RX-2203, col. 2 ,  Is. 15-119, col. 4 ,  

1s. 40-43 ,  and col. 5 ,  I s .  42-45;  Hill, et al, '511 patent, R X - 2 2 0 4 ,  col. 2 ,  

1s. 47-52, col. 3 ,  1 s .  44-47 ,  and col. 4 ,  I s .  49-52; Davis, Tr., pp. 2179-80,  

2181-56). However in the Hill patents, the substituents on the aromatic rinqs 

of the plymers can be meta or paraoriented. (RX-2203, col. s ;  RX-2204, col. 

Snith et al. U.S. Patent No. 3,354,125 

296. Tho Smith, et al. '125 patent assigned to ?lonsanto Co. 

referred to in the Norgsn ' 645  2atent discloses a process Cor preparing 

various polymers from diaminobentanilides, including speciEically 

20 ljr-4,4 ' -d i an inobe n zan i 1 ide t e r epht ha lam ide [ 4 , 4  ' - GABT 1 * the COpOlyme r 

explicitly set forth at col. 2 ,  Is. 44-49,  of the Xorgan ' 6 4 5  patent. Tables 
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I1 and 111 of Smith, et al. show that 4,4' -DABT is preferentially soluble in 

sulfuric acid. (Morgan ' 6 4 5  patent, RX-58, col. 1, 1. 32, and COl. 2, 1s. 

44-49; Smith, et al. '125 patent, RX-59, col. 10, 1s. 13-27). 

297. No 1,4' -DABT spin dopes are made in the Smith patent. 

(CX-852-20, RX-59 I 

238. The Smith, et al. '125 assigned to I4onsanto referred to in 

Morgan ' 6 4 5  discloses in Tables TI and I11 that the wholly aromatic 

para-oriented polyamide poly-4,4' - diaminobenzanilide [HMPAI . 4,4' - DABT is 
shown in Table IT1 as being insoluble or only slightly soluble in three of the 

six organic solvents disclosed in Morgan '645. (RX-59, Table T I T ) .  

Kwolek U.S. Patent No, 3,671,542 

293. U.S. Patent No. .3,671,542 assigned to DuPont issued to Kwolek 

(Kvolek '562) on June 20, P972'from an application filed Hay 23, 1969 (Serial 

No. 827,345), which was a continuation-in-part o f  a patent application filed 

June 12, 1968 (Serial ?lo. 736,410). which was a continuation-in-part Of a 

patent application filed June 9 ,  1367 (Serial No. 644,851), which in turn was 

a continuation-in-part of a patent application filed June 13,1966 (Serial NO* 

556,934). (CX-852-31, - 4 4 ,  p. 2).  

390. The Kwolek '542 patent relates to anisotropic spinning dopes 

consisting essentially of carbocyclic aromatic polyamides in suitable liquid 

media, which can be used to prepare high-strength fibers in the as-spun 

state. (CX-852-31, RX-164, col. 1, I s .  11-16). 

301. The Kwolek ' 5 4 2  patent pioneered the fiber making approach 

wherein liquid crystalline solutions of para-positined aromatic polyamides are s 
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formed into fibers by dry spinning or wet spinning, and where the as-spun 

fibers have high orientation a n 3  attractive mechanical proper ties. (Uhlmann, 

~ ~ - 8 3 5 ,  pa 51) .  

3 0 2 .  The Kwolek ' 5 4 2  patent which has 0 4  columns contains two 

claims, vith claim 2 dependent on claim 1. Nhereas claim 1 claims a spinning 

dope consisting essentially of a defined polyamide an3 a solvent selected from 

the group of amides and ureas, concentrated sulfuric acid, hydrofluoric acid, 

and chloro-, fluoro-, or methane-sulfonic acids, claim 2 further limits claim 

1 to a spinning dope wherein the sblvent is "concentrated (greater than about 

98% by weight) sulfuric acid which nay contain free SO3." (CX-852-31, 

Rx-164, C31. 8 4 ,  IS. 25-59 ) .  

3 0 3 .  The Kwolek ' 5 4 2  patent discloses, that: "The fibers prepared 

from the anisotropic cornpasitions :-,r dopes of this invention and related 

isotropic dopes are characterized oy a unique internal structure and 

exceptionally high tensile properties, either as extruded or aEter being heat 

treated. ... The fibers of this invention possess excellent chemical an3 

thermal properties. . . the excellent tensile properties of the fibers .of 

this invention make them especially useful as reinforcing agent for plastics, 

tire cord, 'J-Selts, etc." (CX-852-31, Rx-164, col. 15,  1s. 27-31 ,  and col. 

16, 1s. 4 8 - 5 9 ) .  

3 0 4 .  The Kwolek '542 patent states that "an anisotropic dope can be 

Jsed to produce an as-extruded fiber with properties superior to those of 

fibers prodaced from an otherwise sinrilar dope which is isotropic or Less 

anisotropic." (Cx-852-31 RX-164, col. 1 6 ,  Is.  74-75, col. 1 7 ,  1s. 1-21, The 

J s e  of anisotropic spin 30pes of para-positioned aromatic polyanrides, as 

taught by Kwolek in the ' 5 4 2  patent, leads to the development of higher 

orlentatlon and crystallinity i n  the as-spun fibers. (Uhlmann, CX-835, p .  52). 
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305. The carbocyclic aromatic polyamides of the Kwolek ' 542  

spinning dopes are those in which the chain extending bonds from each arornatic 

nucleus are essentially coaxial or parallel and oppositely directed. 

(CX-852-31, RX-164, cole 2 ,  I S .  7 -12 ) .  

' 5 4 2  sp 

' 5 4 2  sp 

306. Among the wholly aromatic polyamides disclosed in the Kwolek 

nning dopes are 4 , 4 '  - DABT. (CX-852-31, RX  164, col. 2 ,  1s. 13-50) .  

307.  Highly preEerred wholly aromatic polyanides for the Kowlek 

nning dopes specifically include PPD-T. (CX-852-31, RX. 164 ,  col. 2 ,  

1s. 21-30), 

308. The disclosure of the Kwolek ' 5 4 2  patent states: 

"Dope of the invention may be conveniently prepared e.g., 
oy  combining polymer an3 the liquid nediurn (and additives, i f  
any, in t he conventional manner (e.g., with stirring). Some 
dopes are foimed at room temperature conditions and are 
useful (e.g., spinnable under these conditions. Other dopes 
require specific heating techniques, i.e., Elowable 
compositions may be obtained at room temperature in many 
instances while heating, preferable with stirring, and 
sonetimes heating .and cooling cycles are required in a few 

to instances. The amodnt of heating and/or cooling required 
Eorn a useful dope or composition varies with the liquid 
mediun, the polymer (the composition, the inherent viscos 
the crystallinity, and the particle size of the polymer 
sanple employed) and the qirality of the stirring action. 
the preparation of these dopes, care must be taken to avo 
local overheating and formation of a "dry" or gelled spot 
the meniscus of this composition or on the walls of the 

In 
3 
at 

vessel being employed. Such porti3ns of polymer frequently 
do not readily redissolve. Numerms suitable techniques 
using in preparing s2eciEic dopes of this inventim are 
illustrated in the Examples ." 

309. Solvents Jse€ut for forming the Kwolek ' 5 4 2  spinning dopes 

include selected amides and dreas, concentrated sulfuric acid, hydrofluoric 

acid, chloro-, flaoro-, or methsnesulfonic acids, and nixtures thereof. 

310.  The Kwolek ' 5 4 2  patent discloses that the concentration o €  the 
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concentrated sulfuric acid solvent shuld be "greater than about 90% by weight, 

ususlly greater than 98-100% by weight H2S04 or oleun (i.e., concentrated 

sulfuric acid containing up to 20% or higher of free SO 1 ." (Cx-952-31, 3 

RX-164,  cola 7, 1s. 6-91, 

311. Exaaples 1, 2 and 72 of the Kwolek ' 5 4 2  patent relate to 

sulfuric acid/PPD-T dopes. Examples 1 read in part: 

This example illustrates (1 )  the preparation of 
poly (p-phenyiene terephthalamide) , (2) the preparation of 
anisotropic an3 isotropic oleum dopes thereof, and (3) fibers 
thereof. 

Polymer Preparation: Powered terephthaloyl chloride (71.1 
3.. 0-35 mole) is added at once to a solution of 
p-phenypenediamine (37.8 g.. 0.35 mode) in a mixture of 
hexamethyiphos?horamiJe (420 mi.) and N-methyl-2pyrrolidone 
(210 mi.) contained in a 1-liter regin-making kettle equipped 
with sn air-driven stirrer and a calcium chloride drying 
tuSe. The temperature of the reaction mixture is moderated 
with a water bath at room temperature. A Solid mass is 
obtained within minutes arid allowed to stand at room 
temperature for 4 hrs. The mass is then combined with water 
and stirred at high speeds in a gallon-size (3.785 liter) 
blender, The polymer is washed three times with water by 
being stirred in a blender and isolated by being filtered on 
a sintered-glass coarse-pore Buchner funnel. The polymer is 
dried overnight in a vacuum oven at about 70'C. The inherent 
viscosity, measured as a solution of 125 mg. polymer in 25.0 
ai. of 95-99% (by weight) sulfuric acid is 2 . 6 4 .  

above polymer an3 264 9. oE Euming (33 free SO31 sulfuric 
acid is nixed anhydrously with an air-driven disc-type 
stirrer in a 500 mi. resin-making kettle while cooling with 
an ice/water bath. The mixture is stirred overnight and is 
allowed to stand for 15 days at room temperature. The 
resultinq dope exhibits stir-opalescence and depolarizes 
plane polarized light. 

Fiber Preparation by Wet Spinning Anisotropic mpe: A 
portion of the spin dope prepared above is centrifuged to 
remove entrapped air. It is then extruded by means of a 
mechanically drive syringe through a 0.010 in. (0.254 cm.) 
thick preciaus metal spinneret having 20 holes oE 0,003 in. 
(0.076 mm.) diameter into an aqueous coagulating bath at 4 1 '  
C. Tne bath is about 2 in. (5.1 cm.) wide and about 1 in. 
( 2 . 5 4  cm.) deep. After passing through the bath lor about 2 
It. (0.61 m.) the yarn is snubbed olrt of the water at about a 
45' angle to an electrically driven wind-up device. The yarn 
is collected on a perforated bobbin at 65 ft./min. (19.9 

Anisotropic Dope Preparation: A mixture of 36.0 g. of the 
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m/nin.) , It is then washed in cool running water for several 
(1.e. 3 hr.) hours and dried in air at room tenperature. The 
filaments exhibits low crystallinity and an orientation angle 
of 3 4 "  and 3 sonic velocity of 4.56 km/sec. Filanents 
(Soiled off) exhibits the following T/E/!li/Den values: 
5.3/10,4/171/5,0. 

yarn is passed at 25 ft./min. (7 .63 m./min.) through a tube 
[Devices AI heated to 600°C. and collected at 27.5 ft./min. 
( 8 . 3 4  m./min.) . The resulting fibers exhibit high 
crysta-llimity, an orientation angle of l S O ,  and a sonic 
velocity of 8.37 km./sec. Filaments (boiled off) exhibit the 
following T/E/Mi/Den. values: 12.0/1.9/017/4,04. 

Isotropic Dope Preparation: A mixture of 9.0 g. of the 
above polymer and 111.0 g. of furning (2% free So31 
sulfuric acid is mixed anhydrously with an air-driven 
disc-type stirrer in a 500 mi. resin making kettle while 
cooling with an ice/water bath. The mixture is stirred 
overnight or until a cleare viscous dope is obtained during 
dhich time the cooling bath is allowed to warm to room 
temperature. 

Heat Treatment of Fibers from Anisotropic Dope: The above 

312. Exanple 2 of the,.Kwolek ' 5 4  patent reads in part" 

This examples illustrates (1) the preparation of 
poly (p-phenylene terephthalamider 1, (2) an anistropic oleun 
dope thereof, an3 ( 3 )  high modulus fibers thereof. 

Polymer Preparatim: Powered terepbthaloyl chloride 
(101.55 g , ,  0.5 mDle) is added to a solution of 
p-phenylenedianine (E14.09.~ 0.5  mole) in a mixture of 
hexamethy lphoophor amide (600  ni .) and N-methyi-2-pyrrolidone 
(300 ni,) and stirred at high speeds in a blender. A solid 
mass is obtained within minutes. After 20 min. the l a s s  is 
combine3 with water and stirred at high speeds in a 
gallon-size (3.735 liter) blender. The Flymer is washed 
four tines with water, Once with alcohol, and Einally with 
acetone by being stirred in a blender and isolated by being 
filtered on a Buchner funnel. The polymer is dried overnight 
in a vacuum oven at about 100OC. The yield of polymer is 116 
9. (97.5 % of theoretical), Tne inherent viscosity, measured 
as a solution oE 125 mg. palymer in 25.0 mi. of 95-98% (by 
weight ) sulfuci: acid, is 3.8. 

above polymer and 450.0 g .  of furning (0.8% free SO3) 
sulfuric acid is mixed anhydrously with an air-driven 
disc-type stirrer in a 500-mi. resin-making kettle while 
cooling with an ice/water bath. The mixture is stirred 
overnight durinq which time the cooling bath is allowed to 
Warm to room temperature. The resulting dope exhibits 

Anisotropic Dope Preparation: A mixture of 50.0 g. of the 
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stir-opalescence and depolarizes plane polarized liqht. I t  
exhibits a solution viscosity at room temperature of 5000 
poise, seasured by B Brookfield (model RVF) viscometer 
employing a No. 7 spindle, at a spindle rate o €  2 r .p .m. ;  at 
a rate of 20 r.p.m. the dope exhibits a solution viscosity of 
only 1,660 poise. 

Fiber Preparation by Wet Spinning: The spin dope prepared 
above is centriqued to remove entrapped air. It is then 
extrude9 at the rate oE about 0.8 mi./min m d e r  a pressure of 
370 lb./in.O .... through a 0.025 in. (0.064 cm.) thick 
preci3ls metal spinneret having 20 holes of 0.002 in. (0.0051 
cm.) diameter into an aqueous coagulating bath maintained at 
43OC. The bath is about 16 in. (40 cm.) wide. 5.5. in. ( 1 4  
cm.) deep and 37 in. (94 cm.) long with stainless steel 
rollers placed about 2 Ell (0.61 cm.) from each Other, The 
yarn is drawn through the bath and around the rollers such 
that i t  makes three passes through the water bath. It is 
then snubbed out of the bath at about a 4 5 O  anqle to an 
electrically driven iJin3-uT device. The yarn is collected on 
a perforated bobbin at 27 ft./min/ (8.24 rn./ain,) while being 
wetted on the bobbi by passing throdgh a water reservoir 
locate? at the lower portion of the collection bobbin. It is 
then xashed in cool running water overnight and a portion is 
removed for heat treatment. The reminder is dried on the 
bobbin in air at room tcnperature. The dry filaments exhibit 

, low crystallinity an3 an,orientation angle of 3l0 and a sonic 
velocity of 5.00 km./sec. Filaments exhibit the following 
T/E/bl, Den. values: 7.0/9.1/l73/1.93 (10% of extension). 

313. Exanple 72 of the Kwolek '542 patent reads in part: 

This example illistrates the preparation of 
poly(p-phenyiene terephthalamide), together with anisotropic 
oleum dopes 33d f i x r s  thereof. The DDA value is shown for 
the do?e. 

dissolved i n  400 ni. of dry hexamethylphosphorainide a n d  240 
mi. o f  dry N-metnylpyrrolidone-2 contained in B blender are 
added, with stirring. 81.2 g (0.4 mole) of finely ground 
terephthaloyl f h l - ) : i i e .  A gel forms in about 2C) seconcis. 
After 20 minutes t i e  q e 1  is broken up an washed three times 
with water, twice 21 t h  31zohol and twice with acetone to give 
93 g.  of air-drizd ?.>lyaer oE... [viscosity] = 3.13.  Several 
batches OE sorncdhat hiqher and lowerinherent viscosity 
p'lyner are prepared sirnilarty as above and combined to give 
a polymer of ... [viscosity] = 3.16. 

Thirty grams o€ the blended polymer are dissolved a t  room 
temperature in 270 3. of 100.4% sulfuric acid to give a fluid 
composition containing 10% polymer by weight. It is 
anisottoi; as deternination by its degree of depolarization 

To d solution 0: 43.2 g. (0.4 mole) of p-phenylenediamine 
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anisotropy (DDA value of 93.6) 
The room temperature dope is extruded at 865 lb./in2 

(60.7 kq./cm pressure through a 60 hole spinneret each 
hole of 0.0025 in. (0.0635 mm) diameter, int:, d water bath 
maintained at 4OC. The filaments are wo3n.j up 3t 21 ft./min. 
(6.8 m./min.), They exhibit the Eollowing filanent tensile 
proper ties after being dried: T/E/IYi/Den - 7.0/10.7/197/4.9. 

As can be seen from Examples 1, 2 and 72 sulfuric acid/PPD-T dopes were 

informally treated at room temperature or at in ice water bath temperature. 

(CX-852-31, RX-164, col. 74). 

314. The largest PPD-T concentratim used in Exanple 1, 2 and 72 

was about 12%. The tenacities of the as-span PPD-T fibers in these example 

ranged Erom 5.7 to 7 gpd; and the moduli of the as-spun fiber ranged Erom 171 

to 197. The inherent viscosities oE the PPD-T in Examples 1, 2 and 72 are 

2.64.3.8 and 3-16 respectively in sulfuric acid of greater than 98% 

concentration. (CX-952-31, R X - J S 4 ,  cols, 24, 25, 26, 74; Llhlmann, CX-835, pp. 

53-54). 

315. Exanple 75 of th+ Kwolek '542 patent relates to heating 

sulfuric acid spinning salutiorif. It reeds: 

This exanple illustrates the effect of temperature an3 
might percent of plymer 3n the critical concentration 
points for poly(p-benzamide) an3 poly(p-phenylene 
terephthalamije) . 
2.72 i s  presared in a manner similar to that previously 
described. Dope; are prepared of var ious concentrations 
namely 9.2, 10.0 and 12.01 in 99.5% by weights H2SO4 at 
room temperature, Each of these dopes are anisotropic at 
that temperature. 4s the temperature is gradually increased, 
the three dope samples convert to essentionat ly isotropic 
dopes at 29OC., 53OC., a n d  77OC., respectively. 

PoLy(p-phenylene terephthalamide) having a n  inherent 
viscosity of about 3.16 is pre2ared in 3 manner similar to 
that previously described, Dopes are pcepar ed of various 
concentrations,namely, 9.2, 10.0 and 12.09 in 100.3b by 
weight H2SC)q at room temperature, Each of these dopes 
are anisottoic at that temperature. As the temperature is 
gradually increased, the three dope samples convert to 
esscntiallY isotropic dopes at 41°C., 67°C. and 109 'Cc . ,  
r es pe c t i ve 1 y . 

Poly(p-Senzanide), havinq an inherent viscosity of about 
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The points where each of the above samples convert to a n  
essentially isotropic dope is the critical valume 
concentration point for each. As the example indicates, this 
point for  a particdlar polyner/liqJid medium i s  desendent on 
the temperature of the dope and the weight percent of polymer 
therein. 

(CX-852-31, RX-164, ~01s. 78, 791 

316. Example 79 of t h e  Kwolek '542 patent illustrates the 

preparation of poly ( 3 . 3 ' ,  dichloro-4,4' -biphenylene terephthalamide) from 

3 . 3 ' ,  dichlorobenzidine and terephthaloyl choloride, and fibers therefrom. I t  

reads in part: 

The polymer (10 3 . )  is dissolved in 100 g. of concentrated 
(9598%) sulfuric acid to form a clear, viscous dope at about 
45OC. A t  26OC. the dope become stilf and opaque. The dope is 
extruded from a warmed cell through a spinneret having 20 
holes of 0.003 inch (0.07 mm.) diameter into a water bath 
maintained at 45OC. The filaments are wound up at 7 2  Et/min. 
(22 m./rnin.). The yarn is soaked on perforated bobbins in 
two changes of distilled Clater for a total of 24 hours and is 
then air-dried. The as-extru?ed filaments then exhibit the 
following tensile properties: T/E/Mi/Den. : 
1.8/32,3/68.8/8.3: sonic velocity is 2.71 km./sec. A € t e r  
being extended 1/75X while being slowly hand drawn over a 
300°C.  hot bar (0.5 inch (1.27 cm.) contact surface), the 
€ilaments exhibit the following properties: T/E/Hi/Den. : 
2.07/0.6/326/6.3: 2 . A .  = 12O and xedium crystallinity. After 
the as-extruded yarn is drawn as just described except that 
the bar is at 403' t., the Pollowinq filament properties are 
observed: T/E/'li/Den. : 3.35/0/3/372/5.9: O . A .  = 12', and high 
crystallinity. 

(CX-852-31, R X - 1 6 4 ,  ~ 2 1 .  81). 

317. The Kwolek '542 patent provides one example in which fiber is 

Wet spun from spin dope3 ~f 4 ,J'-DABT in suleuric acid (example 31). 

(2X-852-31, RX-164, co:. : I ,  15. 25-46; col. 52, Is. 15-26). The 4,4'-DA3T 

concentcation was 10 ut. percent. The dopes were mixed at room temperature. 

(CX-852-31, R X - L S 4 ,  cor. 5 1 ,  Is. 72-76). The as-spun tenacity was 6.4 gpd, 
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which increased to L O  gpd after heat treatment (Table IV). (CX-852-31, 

RX-164, COL, 52, LS. 27-40) 

318. In Example 74 the Kwolek '542 patent solubility of PTD-T in 

sulfuric acid increases with the concentration of H SO The largest 

value for a polymer of inherent viscosity of 3.32 is given as 11.7 wt.%. To 

2 4 '  

achieve this concentratim sulfuric acid containing 100.5% H2S04, was 

employed. For the next Lower sulfuric acid concentration of 99.2% Kwolek 

indicates the maximun solubility of PPD-T is 7.8%. (CX-852-31, FU-164, cik, 

7 7 1  1s. 30-35). 

319. I n  column 17, 1s. 60-62, the Kwolek '542 patent describes that 
.. 

the dopes of her invention are extruded into fibers by conventional wet and 

dry spinning techniques and equipment. Neither here nor in any of the 

examples does Kwolek disclose the use oE dry jet wet spinning (i.e., air 

gap). (OJhlmann, CX-835 ,p. 56) . 
320. The Kwolek '542 patent discloses the spinning of anisotropic 

dopes comprising 4,4'-D.4aT in sulfuric acid of greater t h a n  98% concentration 

in Exanples 12 to 14 an3 31 to 35. Polymer inherent viscosities were 6.22, 

3.73. 3.77, 3.6 (col. 3 8 ,  1. 12, and col. 51, 1. 21, col. 52, 1. 43; Xarshall, 

321. T h e  Kwolek '512 patent discloses spinning dopes containing 14 

wt. % OK more polymer which respondents state are of the type encompassed by 

the Blades '756 patent claims in Examples 3, 20, 21, 22, 23B, 71, 74 and 81. 

(CX-852-31, RX-164, ~ 3 1 .  26 IS. 40-75; C O ~ .  41, 1. 32, C D L .  4 5 ,  1. 32: col. 

73, 1. 32, col .  74', 1. 2; col. 76, 1. 31 ,  col. 78, 1. 51, and col. 82, 1. 46, 

col. 83, 1. 16). 
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322. The Kwolek '542 patent discloses a typical wet spinning 

process for preparing fibers. That process differs from the Mor3311 '645 air 

gap spinning process in that in Kwolek '542 the spinneret is inmersed in the 

coagulation bath while in the Morgan '645 process the spinneret is separated 

from the surface of the coagulation bath by a short distance. (CX-852-31, 

cal. LJ, 1. 73, col. 15, 1. 9; CX-852-22, RX-58, col. 3, I s .  18-29) 

323. The Kwolek '542 patent disclcses: 

C)ne spinnable group of anisotropic dopes comprises about 
6-15% by weight poly (p-phenylene terepthalaaide) whose 
inherent viscosity is in the range of about 0.7-3.5 from 0.5% 
to up to 5% by weight Lithiun chloride, and the balance an 
amide mixture of hexamethylphosphoramide and 
N-rnethylprrolidone-2 containing greater than 45% by volume of 
hexamethylphosphoramide. The relative amounts of these 
ingredients, particularly those of the 
hexamethylphosphoramide and N-methylpyrrolidone-2, contribute 
to the ease with which these spin dopes are obtained. For 
instance, as illstrated in the examples which follow, a spin 
dope fluid at room temperature is obttained from thses 
ingr edionts when a par t icular amide mixture is employed. 
However, when a different amide mixture containing more 
hexamethylphosp3oramide is employed with the same amounts of 
the polymer and salt, the comained ingredients must be heated 
to at least about 35OC. to achieve a liquid anisotropic dope 
whose Sirefr ingence nay be observed. Preparation of the 
dopes is pre€erably undertaken by vigorous mixing oE the 
ingredients at low temperatures, e.q., as low as O 0  to -10°C. 

(CX-852-31, RX-164, col. 9, I S .  46-67). 

324. The SeneEits of good mechanical progerties in as-spun fibers 

are describe in the Kwolek '512 patent as follows: 

"As-extruded fibers of this invzntim are preferred for 
particular end oses e.g., tire cord. For such uses, it is 
generally desirable that, i n  addition to high modulus an3 
tenacity value, the fiber exhibits elongation of about 5%. 
However, post-shaping treatments (e.g., heat treatment) which 
improve the modulus and tenacity, oEten do reduce the 
elongation (e.g., to below 5% 1. Since particular preferred 
fibers moduli and tenacities as-extruded, and exhibit 
elongation values o f  at Least about 5%, these as-extruded 
fibers are well suited for such end uses." 
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325. In depsitlon Blades admitted that the 100.65 percent 

concentrated sulfuric acid dsed in Exanple 23B of the Kwolek '542 patent ftts 

d ~ t h i n  the definition of nutable dope solvents appearing in co. 5, 1. 24 snd 

following lines of the Blades' '756 patent. (alades, De?. Rx-26, p. 213, 1s. 

17-24) 

326. In deposition, Blades admitted that the dope in Example 21 of 

the ' 5 3 2  patent falls within the definition of the dope of claim of Blades 

'756 patent. (Blades, De?. RX-26, p. 215, 1. 22 - p. 216, 1. 4). 

327. I n  deposition Blades adaitted that the dope of Example 81 of 

the Kwolek '542 patent fits within the definition of the dope in claim 1 of 

the '756 patent. (Blades, Dep. RY-26, p. 217, 1s. 4-11). 

328. An article Polymer Engineering and Science, March 1975, V O l .  

15, No.3, pp. 199-296 entitled "~iigh-Strength/Hijh Nodulus Organic Fibers" by 

J. Preston of Hoxanto showed the tenacity of  PABH-T (X-500) which is a 

para-oriented pDlymer e.q. polyterephthalamide of p-aminobenthydrazide 

(4,3-'3ABT) to be 8-9 for the development fiber and 12.1 €or the experimental 

finer 33  Pont's "Kevlar" comnercial fiber was said to have a tenacity of 24.9 

(CX-1150, pp. 203-2041 

329. Khen respondents' expert technical witness Bailey was asked, 

"NoulJ you believe twice as nJch for DABT [than the cost for PPD-TI', he 

testified "Oh,  yes, certainly". (Bailey, T r . ,  p. 2197). 

Sair and florqan U.S. P3teqt X ~ J .  3,817,941 

330. U . S .  Patent 3,817,941, assigned to Du Pont, issued to Sair and 

Yorgan (Bair et a 1  '941) on June 1 8 ,  1974 from an application filed August 23, 

1971 (Serial No. 171,201), w h i c h  was a divisional of a patent application 
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filed June 24, 1970 (Serial No. 49,5391, which vas a continuation-in-part of a 

. .  

patent application filed Yay 21,1960 (Serial No. 39,5661, ahich is turn was a 

continuation-in-part of a patent application filed December 27, 1967 (Serial 

N. 174,201). (CX-852-32, R X - 1 2 4 ,  cole 1, 1 s .  1-15). 

331. The Dair et a1  ' 9 4 1  patent relates to high-strength fibers 

comprised of PPD-T, C1 PPD-T, and CopOlymerS thereof. (CX-852-32, R X - 1 2 4 ,  

col, 1, 1s. 1-15). 

332. The Bair et a1 '941 patent disclosed various solvents €or use 

with PPD-T, in preparing the fibers o€  the 3air b Horqan '941 patent, 

incluidng 'concentrated (95-98%) s u L E u r  ic acid or oleun." (Cx-852-32, RX-124, 

col. 4, 1. 37). 

333. Bair et al, '941 patent discloses polycarbonamide preparation 

and sulfuric acid spin dopes as 'f3llows (CX-952-32, Rx-124, col. 3, 4: 

Po 1 ycar bonan ide Pr epar a t i3n 

The polycarbonamide useful in this inventim nay Se 
prepared from appropriate coreactants by low temperature 
solution polymerizati3n'jrocedures (i.e. , under 6O'C.l 
similar to those shown in Kwolek et al. U . S .  Patent 3,063.966 
for preparing poly (?-phenylene terephthalamide). These 
polycarbonmidea may be prepared by causing one or rnore 
aromatic diamines selected from the group of 
p- phony 1 en e d i a3 i ne and 2-ch lo r o-p-ph sny 1 en ed i an i ne to r eac t 
with polyamide-Eorning derivatives OE terephthalic acid, 
toqether with comonomers, i f  a n y . . . .  

Dope Preparation 

The above-idcnt i f ied polycarbononide; are processej into 
useful dopes by sever31 tec9niques. The 2,olycar Sonamide iS 
generally isolated after it s  formation end then dispersed i n  
a suitable medium to form a composition or dope [such 
embodinents will hereinafter be reeerred to as "isolated" 
3olymer dopes). In particular embodiments, the 
polymerization media may be used in fo:ning such compositions 
or dopes (such embodiments will hereafter be referred to as 
"in situ' polymer dopes) . 
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( A )  Isolated Polymer Dopes .-Isolated polycarbonamides 
useful in this invention having inherent viscosity in the 
range of 0.7-5.0 and even higher, may be combined with 
concentrated (95-98%)  sulfuric acid or oleum at room 
temperature to form dopes W i t h  fron about 1 to 25% polymer 
content which may be wet extruded into f i l m  or extruded into 
fibers by wet-spinning procedures. 

Nagat testieied that the "1 to 2 5 % "  range refers to certain co-polymers and 

not to PPD-T. (?lagat, Tr. pp. 381,  3 8 2 ) .  The largest concentration of PPD-T 

described in the Bair et al. exanples is about 10% (Exanple 17) (CX-852-32, 

Fu-124, c~l. 2 9 ,  1. 69, col.  31, 1. 4) and in that example the PPD-T is nixed 

with fuming sulfuric acid while cooling with an ice water bath. (CX-852-32, 

334,  Tho Bait et al. '941 patent does not disclose heating PPD-T 

and sulfuric acid to form a spin dope. (Uhlmann, CX-1147, p. 15; Magat Tr., 

ppo 373-3361 

3'35. The Sair et al. '941 patent describes that the dopes of their 

invention are extruded into fiber by conventional wet and dry spinninq 

techniques and equipment. (CX-852-32, R X - 1 2 9 ,  col. 12, I s ,  21-22). None of 

the examples of the Sair et al. '941 patent disclose the use of dry jet wet 

spinning ( i  .e. air  gap) . (CX-842-32, RX-124). 

336. The Bair et 31 '941 patent includes several examples of 

spinning PPD-T/concentrated sglfuric acid dopes, &, examples 5 an! 6 which 

employs 95-98 percent sulfuric acid, and contains another example, Example 2 1 ,  

which relates to thc spi?nin: SE 12 ut. % OP random copoly (p-phenylene 

terephtalamide) containiq; Ton-conforning aronatic para-oriented anide m i t ;  

in 100.64 s u l f u r i c  acid. ( R X - 1 2 4 ,  22, 1s. 1-75], and col. 33, LS, 27-59) 

268 



337. Under the headinq "Descr iptian o€ the Preferred Embodiments," 

and subheading "High Strength Fibers," tSe 9air et a1 Yorgan '941 patent 

states: 

The modulus and orientation of the Eibers OE this 
invention are unexpectedly higher than that suggested in the 
prior a r t .  Desirable modulus and orientation values are also 
characteristic of a class of novel fibers of carbocyclic 
aromatic polyamides, referred to above, which is disclossed 
and claimed in copending, commonly assigned application 
Serial No. 827,315, now U.S. Patent 3,671,542 of June 20 1972 
[the Kwolk '542 patent]. However, the €iSers of this 
invention additionally possess further unique characteristics 
not sssessed by the entire class oE Eibers of [Kwolek '5421. 

(CX-852-32, RX 124, Cole 14, 1. 68 ,  Cole 15, 1, 3). 

338. Akzo presented two witnesses who testified on the obviousness 

of the Blades invention. Dr. William J. Bailey is not an expert in the 

spinning of fibers OK i n  liquid'crystals. Sailey, CX-1168 pp. 14, Is .  11-16 

and p. 15, 1s. 4-10, Bailey, Tr. 2263, Is. 15-21). A k z o ' s  other expert Dr. 

Robert E. Davis has not experience with anisotropic or liquid Crystalline 

solutions or the  handling oE anisotropic PPD-T solutions. (Davis, CX-1167, p. 

10, 1. 22-12, 1. 8 ) .  

339. A s  to claim 13 of the '756 patent D r .  Bailey proposed 

combining the Morgan '645 patent (CX-852-22, RY-581, the Kwolek '542 

(CX-852-31, RX-1641, Bair et al. '941 (Cx-852-32, RX-124) OK Cipriani '793 

(Cx-952-16, Rx-2005) patents. ( 3 a i l e y ,  F U - 3  p. 14). Thus DK. Sailey proposed 

-- 

cornbin ing the Morgan 

approach of  E iber 'ma k 

which used tho liquid 

.clowever, did not show 

645 method which used the conventional or traditional 

nq with the Kowlek '542 and Sair et al. '941 methods 

Crystalline apprdach of Eiber making. Dr.  Bailey, 

how the teachings of  Xorgan's process using the 
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traditional fiber naking approach and the Kwolek and Sair et al. processes 

using the liquid crystalline approach could be brought together or combined 

without completely redesigning and reconstructing the teachings of s d C h  

patent, nor did ne show where he found a directian in these patents, or 

elsewhere in the prior art, for h i s  proposed combination. (Bailey, RX-3 pp. 

1-16). 

3 4 0 .  Du Pont's expert Dr. Uhlmann, an expert in the €ield of 

spinning Flynet salutions particularly para-acanids (Uhlmann, Tr. pp. 

6 3 7 - 3 9 1 ,  demonstrated that one would be directed by the teachings of the 

Morgan ' 6 4 5 ,  Kwolek ' 5 4 2 ,  and Bair et al. ' 9 4 1  patents not to combine them. 

(Uhlnann, Tr .  pp. 977-78 ) .  Dr. Uhlmann pointed out that Kwolek wanted to 

produce hignly oriented fibers as-span and that Norgan ' 6 4 5  wanted just the 

opposite, namely isotropic, Largely unor iented €ibers as spun. Dr. Uhlmann 

-- 

testified the Objectives of the Morgan ' 6 4 5  patents are very different from 

objectives of the Kwolek ' 5 4 2  and tho Dair et al. '931 patents. (Uhlmann, Tr. 

pp. 977-78 ) .  

3 4 1 .  Dr. B a i l s y  did not show how, even when combined, tho 2lorgan 

'793 patents 

756 patent. 

' 6 4 5 ,  the Kwolek ' 5 4 2 ,  the Sair et 3:. ' 9 4 1  snd the Ziprisn 

wod13 result in the method as set €orth in claim 13 of the 

(9ailey, RX-3).  

3 4 2 .  As  to claim 13, A k t o ' s  other expert witness 

show how the teachings of Horqan's process could be brought 

Dr. Davis did not 

together or 

combined without completely redesigning and reconstructing the teachings of 

such patents, nor di.3 he S ~ O W  where he €ound a direction in these jxtonts, Or 

elsewhere in the prior art, for this ?KOpOSed cornbinatin. Dr. Davis did not 

show how, even vhen combined, the Yorgan ' 6 4 5  and Kwolek ' 5 4 2  patents would 
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r e s u l t  in the  method of c l a i m  13 o f  t h e  ' 7 5 6  p a t e n t  wherein c o n c e n t r a t i o n s  o f  

a t  l e a s t  18 w t .  percent  PPD-T in s u l f u r i c  a c i d  a r e  employed. (Davis ,  R X - 2  pp. 

1-23,  RX-2199 pp. 1 - L 3 1 .  

C i p r i a n i  U . S .  Patent  Yo. 3,227,793 

3 4 3 .  t l .S ,  P a t e n t  3,227,793 issued t o  C i p r i a n i  ( t i p r i a n i  ' 7 3 3 )  on 

January 4 ,  1966 from an a p p l i c a t i o n  f i l e d  January 23, 1961 ( S e r i a l  No. 

83,9811 I t  is d is igned t o  Celanese C o r p .  CX-852-16, RX-2005, c o l .  1, 1s. 

344. The C i p r i a n i  ' 7 9 3  p a t e n t  r e l a t e s  t o  a process  of wet spinning 

s o l u t i o n s  of  p o l y a i i d e s  i n  concentra ted  s u l f u r i c  a c i d  i n t o  aqueous s u l f u r i c  

a c i d  c o a g u l a t i o n  baths or aqueous formi: acid. (CX-852-L6, RX-2035, col. 3, 

1 s .  24 -37) .  

345. While t h e  emphasis i n  C i p r i a n i  '793 is on poly(polymethy1ene) 

tere?hthilarnide,  the d i s c l o s u r e  oC the C i p r i a n i  '793 patent  is not l imited t o  

s u c h  p o l y a a i d e s  and d i s c l o s e s  t h a t  para-oriented aromatic  polyamides may be 

used in accordance w i t h  the teachings  of the C i p r i a n i  ' 7 9 3  p a t e n t .  

( Z X - 8 5 2 - 1 6 ,  R X - 2 0 0 5 ,  COL. 2 ,  IS. 19-42. 

346.  The Z i p r i a 3 1  '793 patent  d i s c l o s e s  t h a t  PPD-T is a nernber oE 

an "important group of polyamides" t o  be used in accordance w i t h  the C i p r i a n i  

'793 t e a c h i n g s  However ?.e eqJntes  PPO-T t o  rn-phenylene terephtha lanide .  

(CX-852-16, RX-2005, C O ! .  2 is. 13 and 3 2 ) .  

347. The C i p r  i a n i  '733 p a t e n t  s t a t e s :  

The polyterephthalamides [ w h i c h  includes i n t e r  a l i a  poly-0, 
m ,  an3 p - p h m y l e n e  tecphthalamidesl  when shaped i n  accordance 
with the  invention e x h i b i t  a p a r t i : u l a r l y  good combination of 

.. 
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properties, e,g., mechanical properties such as tenacity and 
elongation, water insensitivity as indicated by high wet 
stiffness and low shrinkage, and high sensitivity to disperse 
and [sic] acid dyes. (CX-852-16, RX-2005, col. 2, 1s. 37-42). 

348. With respect to the solvent for dissolving such polyamides, 

Cipriani '793 patent only discloses concentrated sulfuric acid. The Cipriani 

'793 patent states: 

In accordance with one aspect of the invention a 
3ifficultly meltable polymer from the class described above 
is dissolved in concentrated sulfuric acid suitably having a 
concentration of 90 to 100, preferably 95 to 100 percent by 
weight. It has been found that this range of concentration 
of sulfuric acid i s  important in obtaining solutions which do 
not gel and which can be easily and stably formed into useful 
shased articles. (Rx-2005, col. 1 ,  I s .  59-66) 

t * * 
In addition to concentrated sulfuric acid having a 

concentration within the,range specified above, funing 
sulfuric acid, e.g.,  containing up to 6 or 7% by weight or 
even higher of free sulfur trioxide, may be used as the 
spinning solvent. (RX-2005, col. 3, 1s. 71-75; CX-852-16, 
RX-2005, cole 2 ,  1s. 37-42). 

349. The Cipriani '793 patent discloses that the polymer 

concentration in the concentrated sulfuric acid may be used as high as 30 wt.8 

and that the concentrated sdlfuric acid solvent may be heated to attain such a 

polymer concentration. Specifically, the Cipriani *793 patent states: 

A suitable concentration of polymer in the sainning 
salution is in the range, for example, of 5 to 30% by weight , 

and the temperature of the solution which is extruded may be, 
. .  for example, in the range oE 20 to l0ao C. ( R X - 2 0 0 5 ,  cole 3 8  

lines 4 8 - 5 2 ) ,  
(2X-852-168 RX-2005, Cole 3 ,  IS. 48-52), 
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350. As  to polymer degcadatim in the sulEuric acid solvent, -the 

Cipriani '793 patent states: 

The vet spinning process of this invention, especially 
when the spin bath is aqueous sulfuric acid, results in 
little or no degradation 3f the polymer as indicated by its 
inherent viscosity, particularly when the concentration ol 
H2SO4 in'the solvent is at least 90% and the spinning 
solution is not subjected to elevated temperatures for long 
time per iods. 

(ZX-852-16, RX-2005, cole 4, 1s. 25-31). 

351. With respect to the coagulatim bath into which the dope is 

extruded, the Zipriani '793 states: 

Yoreover, it has been found that the properties of  the 
resulting shaped articles such as filaments which are formed 
depend on the concentration D E  the sulCuric acid in and the 
temperature of the coagulating or spin bath. 

. .  
The concentration DE sulfuric acid in the spin bath may be 

varied considerably depending on various modiEications of the 
process. However, such concentration, especially when 
spinning polyterephthaLamides such as polyhexamethylene 
terephthalanide, will in many casea be below 60% by weight, 
and ,  in some cases may be as low as 40%. Hodever, 
concentrations lower than 40% may be used in the presence of 
additivies. The temperature of the spin bath into which the 
spinning solution is extruded nay be, €or example, in the 
range of 20 to 130°C. ,  preCerably 40 to 6 0 "  C. 

(CX-852-16, RX-2005, COl- 3, I S .  33-48). 

352. The Cipriani '793 patent involves a wet spinninq processt and 

especially when the spin bath is aqueous sulfuric acid, there is little Or no 

degradation OE the poly-cr. (CX-852-16, R X - 2 0 0 5 ,  col. 4, Ls. 25-30). , 

353. The tipriant '793 patent contemplates a vide range of polymers 

. including high melting autocondenmation polymers and polyurethanes. The '7.93 

patent is entitled "Spinninq of a Poly(polymethy1enes terephtalamide" and alL 
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examples and all claims are directed to such an amide. 

col. 2 ) .  

(CX-852-16, Rx-2005, 

3 5 4 .  There is no suggestion in the Cipriani '733 patent that dry 

jet wet spinning could be used to any advantage in the spinning of polyamides 

Erom sulfuric acid solutions. (Uhlmann, CX-835, p. 49) .  

355. Nouhere in the Cipriani '793 patent is there any mention of 

spin dopes which are solid at room temperature nor any suggestion of heating 

the mix of solid polymer and acid sulfuric acid to obtain spin dopes, 

(Uhlmnn, CX-835, p. 48).  

356, Post-coagulation stretches up to 5x are taught by Cipriani in 

the '793 patent (9. claims 2, 4, 5 and 8 ) .  Such stretches are essential to 
.- 

obtaining attractive mechanical properties with the Cipriani process b u t  are 

imFssible for fibers produced by the process of the '756 patent. (Uhlmann, 

cx-835, pp . . . so-s i ) .  

357. The Cipriani '793 patent i s  directed to poly (polymethylene) 

terephthalamides (see title of patent, all examples and a l l  claims). Not only 

are sdch polymers characterized by highLy flexible-chains, but also they are 

not aromatic polya-nides of the type 3iscussed by Blades. The patent iiscloses 

(2X-852-16, RX-2035 at col. 2, 1. 32) poly o - ~  rn- and p-phenylene 

terephthalanides, but gives no teaching as  to how spin dopes of these polymers 

could be made or how they could be employed with the present spinning process 

to nake fibers. There i s m  indication of differences in behavior expected 

with rigid-chaim poly(p-phenylene terephthalamide) and the more ELexible 

p l y  (o-phenylene terephthalarnide) and (m-phenylene terephthalamide) , and the 
. .  

decidedly Elexible p l y  (polymethylene) terephthalamides which are disclosed in 

the patent. (Uhlrnann, C X - 9 3 5 8  p. 4 7 ) .  
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358. Nowhere in the Cipriani '93 patent is there any disclosure of 

heating to mix the F l y m e t  and sulfuric acid to obtain spin dopes. 

does note that the temperature of the solution which is extruded may be in the 

broad ranqe of 20 to 100 C. (CX-852-16, RX-2005 col. 3, Is. 50 -52 ) .  Such 

reference to extrusim conditions cannot be taken as a teaching of mixing 

cDnditons, since the two processes are carried out separately w i t h  3iEEerent 

apparatus and diEterent conditions. In a11 examples where Cipriani comments 

on the temperature of mixing, the nixing was carried out at room temperature. 

[Uhlmann, CX-835, pp. ' 4 8 - 4 9 ) .  

Cipriani 

Morgan 0.S .  Patent No. 3,642,706 

359. U.S .  Patent 3,642,706 assigned to Monsanto issued to H.S. 

?¶organ Jr.  {Morgan '796 patent) on Feb. 15 ,  1972 on an application filed ?larch 
3 

3 ,  1970. (ZX-852-30, RX-LO4 1 

360. The '706 patent relates to a process for extruding a spinning 

sDlution of wholly aromatic polyamide which contains a m a l l  but effective 

amount of a *ax melting above 25OC into at least one streas that passes 

through a coagulating bath. (CX-952-30, RX-104 col. 1 ,  1s .  15-20). 

361,  The method of the ' 7 0 6  patent uses the conventional approach 

vhere post-coagulation drawing is employed to obtain fibers. IUlhmann, 

CX-875, p. 41) 

362. The Morgan '706 patent teaches that the alleged improvements 

in the spiminq process i s  in the use of a wax. The '706 patent states: 

The presence of the wax additives in the spinning solution 

Although the exact mechanism * *  

is thouqht to prevent the polymer sDlution from coagulating 
too rapidly in the spin bath. 
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is not known presently, it is believed that the wax additives 
reduce the rate of coaguljtion by controlling the rate of 
diffusion of water and solvent into and from the coagulating 
filaments, which are maintained in a substantially amorphous 
state. As a result of the controlled coaqulatim and 
diffusim rates, the malor p o r t i m  OF the residual salt in 
the spinninq solutions is thus removed by the coagulation 
bath, 

Extruded s t r e a m  ot solutions of wholly aromatic polamides 
containing no wax adiitives are believed to coagulate rapidly 
at the sirface in the vicinity of the extrusion nozzle 
resulting in an gndersireable skin-core effect in the 
filaments. The rapadily coagulated skin reduces the 
diffusit;. of vater into the Eilaments and inhibits the 
removal of salt and solvent thereform. The differing rates 
of coagulation between the skin and core are believed 
responsible for preor ientatim and random crystallizatim. 
As a result of the skin-core effect, filaments emerging from 
the bath have a h i g h  degree of orientation, some random 
crystallization and retention of considerable amounts of 
salts. These factors are responsible for poor Eiber 
structure and void fornation, both of which reduce the 
maximum orientation stretch obtainable. 

(CX-852-30, R%-104, abstract, col. 1; col. 4, 1s. 20-45). 

363. T h e  Morqan '706'patent was not seeking orientation and 

crystallinity in as-spun fibers; a n d ,  the patent i s  directed to minimizing 

such orientation and crystallinity, ('ilhlmann, CX-835 p. 43). 

364. There is n3 ?isclosure in Morgan ' 7 0 6  of using PPD-T and no 

disclosure of using liqJid crystalline (i.e,, anisotropic) spin dopes or 

s3lutions. Morgan 3iscloses the para-psitioned 4,4'-DAB? but there is no 

disclosure in Morgan of how spin doses containing 4,4'-DABT might be prepared, 

how Eibers of this Flyrner night by ssun, nor what their properties night be. 

(Uhlmann, CX-835, p. 4-11. 

365. ALL  of tno exarnples in Yorgan '706 dissolve the polymers in 

amide/salt solvents: an3 it is indicated that "preferably the same solvent is 

used for both polymer preparatim and spinninq," (CX-852-30, R X - 1 0 4 ,  col.  2 

1s. 71-72). Only arnicle/sale solvents are used in preparing the Norqan 
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polymers. Concentrated s u l f y r i c  acid i s  c i ted a s  a solvent "for redissolving 

polymers which have been isolated and purified a s ,  for example, when 

i n t e r f a c i a l  techniques are user! t o  prepare polymers." ICX-852-30, R X - L O 4  c o l .  

2 I S .  67-71]. 

3 6 6 ,  ?!organ's reference a t  column 5 ,  1s. 2 6 - 3 0  that the soluti3r.s 

cin h e  extruded-over a broad range of temperatures o f  4 0  to 1 2 O o C . ,  preferably 

60-?O°C, r e f e r s  t o  t h e  e x t r u s i m  tevpcrature. T h i s  mention of  extrusion 

temperature is not a disclosure of nixing conditions,  s ince  the m i x i n g  an(? 

extrusion operations are carried out separately w i t h  d i f f e r e n t  apparatus an.? 

conditions. ( U h l n a n n ,  CX-835 p. 4 6 1 .  

Other Patents and Publications 

357. Comnonly assigned Celenese U.S. Patents 3,154,610 to Denyes 

and 3 , 1 5 4 , 6 . 1 3  t o  Epstein, et 31: contain similar ? isc losures  to  that  of t h e  

367!a) e Celawse ? r i t i s h  Patent 979,342 fpu5lished Jan2ary I ,  1965) 

B p ~ r t i i l  counterpart of Zipriani ' 7 9 3 ,  s t a t e s  the following: 

T h i s  inventim r e l s t e s  to an inprove? process for the 
production of  fi lanentary materials from s u l g h r i c  acid 
solutions o f  d i f f i c u l t y  meltable condensatim polymers. fRX 
2170,  p. l ,  IS. Ll-14) 

' *  

According t o  the invention, Eilaaentary nctcrial i s  made 
from a SUlphJric ac i i i  solution of a t ! i f f i c d l t y  meltable 
synthetic  l inear p!:'n"er containing repeating -C(>.:Jii- groups 
i n  the molecule, where R is.hydrogen or 3 monoval?nt organic 
r a d i c a l ,  by a process wherein a solution o f  such a plymer 
.!issolved i n  sJ lp! i 'Jr ic  ac i?  of  a t  l e a s t  9 0 %  bi weight 
concentration i s  extrJc?ed through .an o r i f i c e  into an ac idic  
l i q u i c !  coagulant to forp filamentary material which i s  t h e n  
stretched while still swollon with oul2huric acid 3nd 
thereaf ter  washed frce from sulphuric acid and d r i e d .  
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The process of the present invention not only enables the 
satisfactory conversion O E  the difficulty meltable polymers 
referred to into filamentary material to be carried out as  an 
industrial operation but also avoids a n y  substantial 
degradation oE the polymer and thus enables filamentary 
materials, including filaments suitable for textile purposes0 
to be produced having unusually good physical properties. 
This is especially the case when the polymer is dissolved in 
sulphuric acid oE a concentration by weight of more than 90%,  
e.g., 95 to loo%, and care is taken to avoid subjecting the 
solution to elevated tenperatures for lonq per iads. ( R X  
2190, p. 1, Is.  60-82 and p. 2, 1s. 1-61. 

The invention has particular value in connection with 
those ol the above polyanides ... [such as1 poly-0, m- and 
p-phenylene terephtha lanides . . . The polyterephthalanides 
when shaped in accordance with the invention exhibit a I 

particularly good combination of properties, e.g. mechanical 
properties such as  tenacity and elongation, water 
insensitivity as indicated by h i g h  wet stiffness and low 
shrinkage, and high sensitivity to disperse and [sic] acid 
dyes. ( R X  2190, p. 2, 1s. 31-32, 47-480 and 54-61) 

c 

, A s  already states, th? process of the invention enables 
the filanentary saterials to be nade with little deqradation 
of the polymer. ( R X  2190, p. 2, 1s. 110-113). 

c t t t 

I t  is preferred to dissolve the F l y m e r  in sulphuric acid 
of 9 5  to 130% by weight concentration, for instances in 
ordinary concentrated sulphuric acid, but fuming sulphuric 
acid containing, €or instance, 6 to 7% by weight free sulphur 
trioxide can be used if desired. The best concentration of 
polymer in the ;elution depends somewhat on the particular 
polyner being dissolved Dut, in qeneral, the solution may 
contain from 5 to 30% by weiqht of polymer, and majt be 
extruded at temperatares between 20" and 103°C. 

Aqueous s u l p h u r i c  acid of a concentration well below that 
used for dissolving the polymer, e.3. of between 40 an3 609 
by weight concentr3tiar1, is the preferred coagulant, but 
aqueous formic d = i !  an'j 3queous acetic acid may also be 
used. The properties of filaments and filns prodxed by the 
process are much afEected by the coagulation corditions, 
With aqueous sulphuric acid of 40 to 60% concentration as 
coagulant it its [sic] preferread to use temperatures betwen 
60 and 4ODC . . .  (RZL30, p .  3, 1s. 10-34) 
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3 6 8 .  Celanese British Patent 1,006,673 (published October 6, 1965) 

constitutes an improvement patent over Celanese British '342 patent and 

contains the following disclosure: 

This invention relates to an improved process for the 
foraation of filaments and other extruded products from 
condensation polymers and is an inprovement in or 
modification of the invention described in Patent NO. 
9 7 3 , 3 4 2 .  (RX 2167, Po 1, 1st 12-17) 

In our Patent No. 979,342 it has Seen shown 5ow these 
difficultly ineltable polymers can be converted into extruded 
products such as filaments and films by extruding d solution 
of the polymer dissolved in sulphuric acid of at least 80% by 
weight concentration through an orifice into an acidic Liquid 
coagulant to form the extruded product, stretching it while 
still swollen with sulphuric acid and thereafter removing the 
sulphuric acid from and drying the stretched product. This 
process yields excellent results but on occasions it is found 
that the spinning solutims contain insoluble gels which 
interEere with the extrusion process, particularly in the 
production of filaments yhere the gels can lead to spinning 
instability accompanied by frequent rupture of the filaments 
and can, in some cases, result in a complete cessation of the 
spinning operation. While it is possible to reduce 
substantially the gel content of the solutions by filtration, 
this is an expensive and difficult operation to carry out 
e€ Eec t ive ly . 

According to the present inventim, a solution of a 
difEiculty meltable synthetic linear polymer contain 
repeatinq -CO,SR- groups in the molecule, where R is hydrogen 
or a momvalent organic radical, is prepared by dissolving 
the poly;ner in sulphuric acid of at least 80% by weiqht 
concentration and the solution is heated for d period of 
time, whereby its gel content is reduced, before it is forced 
through an oriCice into an acidic ldiquid coagulant to 
produce a filanent, filn or other extruded product. 

I t  is preferred to heat the p l y n c r  solution to a 
temperature between 70 and L O O o  C. At these temperatures a 
noticeble rtduction in the gel content of the solution Soon 
becomes agpararent, even ten minutes' heating in some cases 
reducing somewhat the gel content as shown by impraved 
EilteraSility. I t  is preEerred to maintain the polyner 
solution at the chosen temperature for a period of  time of 
between thirty minutes and five hours and, in general, this 
produces eminently satisEactory results. While a longer 
period oE heating may be used, i f  desired, it is seldom 
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necessary so to do, although the difficulty meltable polymers 
d o  not appear to undergo substantial degradation even during 
such longer periods of heating which, with the most stable 
polymers, may extend to a period of some days, e.g. up to one 
week. (RX 2167, pel, 1s. 43-80, and p a  2, 1s. 1-20). 

t 

The invention has particular value in connection with 
those O E  the above polyamides in which Y and/or Ul is or 
contains a' para-or meta-phenylene-radical or a 
1,4-~yclohexylene acid, e.g. terephthalyl chloride or a 
diakyl terephthalate. Some specific polymers with this 
latter group are poly (polymethylene) terephthalamides where 
in the polmethylene groups contain 2 to 10 carbon atoms, e.g. 
polyhexamethylene terephthalamide, polythetramethylene 
terephthalalamide, polyethylene terephthalamide and polypiper 
azylene terrphthalamide. Other polyterephtalamides are 
poly-0, m- and p-phenylene terephthalamides, poly-o-, m- and 
pxylene terephthalamides and poly-o-, m- and 
p-diethylenc-phenylene terephthalamides and poly-o-, m- and 
p-diethylene-phenylene terephthalamides, the latter produced, 
for example, condeensing an ester-forming derivative of 
terephthalic acid with para-bis (beta-aminoethyl) benzene. 
The polytcrephthalanides when shaped in accordance with the 
invention exhibit a particularly good combination of 
properties, e.g. nechanical properties such 3s tenacity and 
elongation, water insensitivity as inrlicatcd by high wet 
stiffness and lov Shrinkage, and high sensitibity to disperse 
m d  acid dyes. 

The invention may also be applied to linear condensation 
polymers melting above 275°C. of am.inocarboxylic acids or 
lactaas or other deivatives oE such acids, e.g. polymers of 
l-car box yme thy 1- 4 -am i nocyc lohexa ne or its Lac tam, 
l-carboxy-4-aninocyclohexjne or its lactam or 
1-carboxymethyl-3-aminocyclop~ntanc or its lactam. 

structural units of the formala 
Polyurethanes which may be emplwjccl have rnpeartinq 

-NR-Y-NR'-CO-O-Y'-CO+ 

resulting, for exanFle, from the condensatim of a 
di-iso-cysnate with a dihydric alcohol or phenol or the 
con3ensatim oE a dianine with a bis (chloroEormatc) of a 
dihydric alchohol or phcn31, and melt at above 179°C. 
preEerably above 21OoC. 
p3lyurethanes prepared from dihydr ic alcohols or phenols 
containinq a rneta. or paraphenylene or a 1,4-CyClOheXylebe 
radical, Some specific polyurethanes which may be used and 
which m e l t  at above 210°C. are the condcnsation product of 
piperazine with the bis (chLoroEormate1 of bis 
(p-hydroxyphenyl) propane-2,2; the condensation product of 
piperazine with the b i s  (chloroformate) or cis- 
ttans-L,h-cycl~h~%yLene glycol: the cortdensation product of 

Particularly useful are 
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.. 
pip:razine with the  bis (chloroformate) of hydro*-.linone and 
the condensatic yoduct of tetramethylenc dismi with the 
Ilis (chloroforma teO of butanediol-l,4. 

rolyurcas wtlich may be u s d  have repvatiiiq structural 
units O C  the formala 

-<O-NR-Y-NR- 
CO--NR’--Y ‘-N R- 

r+sulting, for example, from the reaction of di-isocyanate 
with a diamine, the condensation of a diurethane with a 
diamine,. the condensation of a carbon oxyhalide as for 
example, phosgene with a diamine, or by heating an alpha/beta 
diurea with a diamine, and melting above 179OC., preferably 
above 210°C. Some specific polyureas which may be used and 
which melt a t  above 210OC. are those obtained from . 
hexamethylene di-isocyanate plus hexamethylcne diamine and 
from m-phenylene di-isocyanate plus m-phenylnne diamine. , 

( R X - 2 1 G 7 ,  p. 2 ;  I O .  4 5 - 1 2 0 ,  P o  3, 1 5 .  1-31. 

t t 

Preferably the solutions which are heat treated in 
accordance with the invention arc Corned hy dissolving the 
polymer in nulr5uric acid o f  ‘cf to 100% by weight 
concentratian. ncil of lower concentration of fuming 
sulphuric acid, e.9. containing up to 6 c)c 73 by weight free 
sulphur trioxide, n a y ,  hgwcver, be user], A’ suitable 
concentratinn of thc p l y m c r  in the s 3 1 u t . i r m  to tre heat 
tr-;rt*tl i s ,  for ~ x , i ~ ! ? l c , -  i n  t.h* r,-tnq” o f  70 t r *  Ionn C. (EX 
21G7,  p. 3 ,  I S .  2 Q - 1 4 )  ~ 

. .  
t t 

h par t iciilorly c u i  table liquid cns7ulant is ,an aqurous 
solution of s ~ J l p h u r  ic a c i d  hovinq a concnntration 
considerably lower than that of the acid in which thc polymer 
is  dissolved, e.g. Erom 40 to 609 by weight or Lower, such 
concentrations being quite satisfactory whm spiqninq 
polyter~ptith~l~ni!~cs, such as polyhsxamcthyl~ns 
ternphthalamide. l’tw tnmperaturc O C  thP liquid cosqulont may 
be, for exampt*, in thn range crf 20 tn l n ? “ r . ,  p r n f e r a b l y  40 
to G O o  C.  (RY ? 1 6 7 ,  p.  3, 1’3.. 40-51 )  

t c + 

Tho heat trn<ite? solutions may tic spun very SatisfactoKilY 
at a take-up sy\w,l -f, for cxampln, 30 to 150 metres Fer 
minute to o b t a i n  lilarnnnts having ;I denier in the cantc! Of, 
for nxanple, 0,l tn 5q. (RX 2167, p. 3 l ines  6 4 - 6 8 ) .  
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369. Although finding 368 shows that a large number of polymers are 

mentioned in the Celanese British patent 1,096,673, the only two examples in 

in the patent are limited to plyheamethylene terphthslamide. (RX-2167, pp. 

3-41. 

370. U . S .  Patent No. 3,080,210 to 'Jcci which issued .\larch 5, 1963 

discloses that: 

In  general, these objects are accomplished in accordance 
with the invention by continuously extruding d salution of an 
acrylonitrile polymer through a desired nunber of or ifices in 
a spinneret disposed in a i r  or other inert gaseous medium and 
continuously directing the thus-formed streans of the 
solution for a short distance through the medium', wherein 
only a very small anount of th? solvent, if any, i s  
evaporated into the ambient medium as a gas. The streams 
then are passed into a liquid which is a precipitant for the 
polymer and an extractant for the solvent, such as an aqueous 
coagulating bath. In the liqiid bath the streams of polymer 
are coagulated into Eilarpents by a substantial removal 
therefrom O C  the solvent as a liquid. ... By ernplojing such 
preferred solvent and bath composition while maintaining the 
bath temperature between the critical temperature range of 
10°C. to -40°C,, preferably between 10°C. and -lS°C., the 
filaments produced possess most advantagesous physical 
p:operties and .liffer in"strrlcture from other acrylonitrile 
polymer Eilanents heretofore known in the art. The extrusion 
rate OE the polymer and the speed of withdrawal of the 
filaments lrom t h e  coagulating bath are correlated so that 
the filaments are sabjected to a draw ratio ususally of 
08-20. ( R X  2002 at Cole 3, 1s. 29-55) 

Most OE the attenuation, if attenuation of the filaments is 
desired, occurs whiLe the streams of polymer pass through tho 
short air gap separatinq the face of the spinneret and the 
upper surface of the liquid inthe coagulating bath, with 
little, i f  any, stretch taking place in the coagulating 
bath. ( R X  2002, at col .  3, 1. 71 col. 4, 1. 1) 

t 

An advantage of the present invention is the fact that 
spinning solutions having much higher temperatures can be 
employed than ordinarily used in wet spinning. Hence, a 
greater percentage of polymer in the solution can be used 
with success. (RX 2002 col. 9 ,  Is .  1-5) 

t t c 

282 



In conventional wet spinning this is not possible because the 
maximun jet stretch that can be inparted to the Ereshly spun 
filaments is usually less than two times, and in most cases 
is less than one time due to the anisotropic condition of 
nornally wet spun filaments. On the other hand, it is 
possile to stretch the freshly spun filaments of the present 
invention to the extent of as hi g h  as 15 times. That is to 
say, that the first take-up linear velocity may be up to If 
times the extrusion velocity of the polymer. By disposing 
the spinneret above the coagulating bath, it is possible to 
attain spinning speeds as high as 100-1500 feet per minute 
using apparatus with which a naximum speed of only 75 to 150 
per minute can be attained in norrnal wet spinning. (RX 2002 
cole 9, 1s. 42-56) 

371. U.S. Patent No. 3,412,191 to Kitajima et al. which issued on 

Nov. 19, 1968 discloses that: 

The spinning solution to be directly extruded into the 
coagulating bath and the spinning solution to be first 
extruded into a g a s e o s  medium may be the sane or different. 
r? cpse a spinning solution having high coagulating velocity 
and low j e t  stretchsbility is first extruded into a gaseous 
medium (ordinarily air or other inert gaseous atmosphere, the 
sane s h a l l  apply hereimfter) from orifices disposed outside 
of the coagulating bath and is then directed into the 
coaqulating bath, it is possible to greatly improve the jet 
stretchability of said spinning solution, in general, with 
the result that the spinning velocity or artificial fibers as 
a wfiole can be narkerfly improved and fiber bundles having 
excellent fiber property can be obtained. ( R X  2006, col. 2 ,  
1s. 3-16) 

372. U . S .  Patent No. 2,318,704 to Moncrieff et al. which issued on 

May 11, 1943 discLoses that: 

It is natura::! essential that the solutian should be in a 
’ lluid or highly plastic condition while it is being shaped. 

I f  the nature o f  the components and the composition of the 
solution is such that it is solid at ordinary temperatures, 
the s o l u t i m  must be heated to a temperature suitable €or 
shaping: for example, the solution may be heated ta a 
temperature of about 10-15aC. up to 120°C. or more above the 
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melting point oE the solution. Thus, a solution which melts 
at about 100OC. may advantageously be shaped as a temperature 
of a b u t  laO°C. (Rx 200 at p. 1, col. 2, lines 28-39, 
emphasis added) 

t t ‘ t  4 

While it is generally necessary to shape the polymer solution 
at elevated temperature, e.g., at a temperature of 70-200OC. 
or more, it is preferable to maintain the setting medium a t  a 
relatively low temperature, e.q, 15 or 20 to 3OoC., though 
higher temeperatures .nay be empolyed insome instances. It is 
important to maintain the shaping device, e.g., the spinning 
orifice in filament formation, at the temperature of the 
polymer solution, and for this purpose it is preferable, more 
especially when the polymer solution is shaped at a high 
temperature, to maintain it at or about 1/2 to 1 inch or more 
above the surface of the setting medium in an atmosphere of 
an inert gas,, e.gOr nitrogen, hydrogen or carbon dioxide, 
the shaping device itself being kept at the desired 
temperature by an elecrical heating-coil or other suitable 
heating device, (FIX 2000 at p. 2, col. 1, 1s. 54-68) 

373. U.S Patent No. 3,523,150 to Vigneault based on an application 

filed Dee. 12, 1966 discloses t h t :  

This invention involves a novel process for the 
manufacture of high tenacity filament of acr lonitrile a t  
unususly h i g h  spinning rates. Insofar as the principal 
object ?f this process is to produce a synthetic filament of 
acrylonitrile for industrial purposes, as oppossed to apparel 
an3 carpet fiber en3 use, the critical Eeatures of the 
instant invention are the combination of stegs required to 
produced filament havinq high tenacity at unusually high 
rates of speed. 

These objects are accomplished by dry jet-wet spinning a 
solution of an acrylonitrile polymer from multiple orifices 
into air or other inert gas for a gistance of from 1/8 to 4 
inches and then passing the shaped extrudate into a 
coagulation bath comprising a solvent €or the aolymer solvent 
which is a non-solvent for the polymer. (RX 2008, col. 1, 
1s. 34-47) . 

t t t 

The percentage of polymer based on the weiqht OC the Solution 
will depend upon the particular polymer and solvent employed, 
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as well as upon the temperature at which the Flymer is 
spun. I t  is desriable to employ a solutian containing a high 
percentaqe of plymer for obvious reasons. 

An advantage of the present invention is the fact that 
spinning solutions having much higher temperatures can be 
employed than ordinarily used in wet spinning. Hence, a 
greater percentage of polymer in the solution can be used 
with success. The spinning solutim may be maintained prior 
to and at extrusion at temperatures from about 20 to 180OC. 
Room temperature is highly satisfactory Erom an operational 
standpoint. Ordinarily a solution containing at least 10 
percent actyonitrile polymer is desirable. 

Since the viscosity of the acrylonitrile polymer solution 
varies directly with its temperature, advantage of employing 
the high spinning temperatures permitted in the instant 
process may be taken with the result that low extrusion 
pressures are required for a 3iven percentage of polymer. 
Normally, the polymer solution temperature for successful wet 
spinning s h o u l d  be closely correlated with the temperature of 
the coagulation bath. In order to spin acrylonitrile polymer 
solution by the conventional wet spinning method, it is 
necessary to avoid elevated coagulating bath temperatures, 
since scrch temperatures substantially reduce the solvent 
ektraction efficiency to a point where it is not possible or 
feasible to utilize the advantage of spinning a solution 
containing a hiqh percentage of polyner (RX 2008 at col. 5 1  
Ls. 2-32) 

* t t t 

The distance that the spinneret is disposed above the 
coagulatinq bath xay be varied. Ordinarily, the spinneret is 
positioned so that its face is between 1/8 and 1-112 inches 
above the Lath. However, one can increase this distance by 
taking precaution that adjacent polymer streams do not come 
in contact with acid cohere to each other. 
cell through which the streams coaxially pass nay be provided 
to minimize any disturbance thereof. Ordinarily, the gas 
between the spinneret and the coagulating bath and through 
Which the stream of polymer travel is air, although any 
other gasesous medium that does not adversely affect the 
filaments may be used. The temperature of the gas may be 
regulated; however, the temperature normally present during 
sp inn ing  is satisfactory. For best results the spinning 
variables should be correlated so that less than one percent 
of the solvent Sasedon the weight of the solution i s  
exapotated into the gaseous medium from the extruded 
strean.” ( R X  2008, COL. 5, 1s.‘2-32, 62; col. 6, 1. 4 )  

For example, a 
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374. U.S. Patent No. 2,988,418 to Finlayson et al. which issued on 

June 13, 1961 discloses that: 

In view of the necessary difference in temperature between 
the spinning jet and the liquid, it will o€ten be c m v e n i e n t  
to have a small air gap, for example a gap o€ between about 
1/4 and 2 inches, between the face of the spinning jet and 
the surface of the liquid. In the immediate vicinity of the 
spinning jet the air will of course become %arm or hot, but 
otherwise it is kept at d temperature below 50°C., and 
especially below 3OOC. While in this method of working the 
filanentary material will be cooled to some extent in the air 
gap, the gap is not su€€iciently long to cool it completely, 
so that the filaments enter the liquid while they are still 
more or less soft and thus before they are fully set. The 
gap may i €  desired contain a gas other than air, for instance 
nitrogen or carbon dioxide. (RX 2001, col. 2 1s. 18-32) 

375. Canadian Patent No. 711,166 to Stoy. et al. which issued on 

Jgne 8, 1965 discloses: 

The spinning method according to the invention, used for 
electrolyte-containing p l y m e r  solutions, has inany 
a3vantaqes. Either the polymer concentratim 3 r  the 
plymeritation degree or both can be substantially 
increased. The coaqulatian is then more even and tho 
obtained filament more uniform since the amount of the 
solvent to Se extracted or neutralized is decreased. For the 
same reason the method is inore econoaical, and the quality of 
the fibre is better. The take-off rate may be substantially 
increased reaching values usual in dry-spinning. Large 
spinneret orifices require low pressure only: therefore no 
substantial variations OE the titre-denier occur. The 
spinnerets remain a very Long time in the service without 
cleaning, and usual frequent interruptions for changing 
spinnerets are avoided. I t  may be said that the new method 
adds advangates of the dry-spinning to the wet-spinning 
methods Eor electrolyte-containing spinning dopes: highly 
concentrated polymer solutions, law pressure, high spinning 
speed and Low tro2ble incidence. (RX 240, p. 76, 1s. 
10-27-p. 8, 1. 1) 

286 



376. French Patent 110. 902,826 to Sachsische Zellwolle 

iktengesellschaft published in 1945 discloses that: 

Now, it has Seen found that it was advantageods to 
interpose between the spinneret and the precipitation bath a 
layer or strip of g a s ,  particularly a strip of air for the 
purpose of not allowing the yarn to penetrate directly into 
the bath u p n  leaving the spinneret. 

Such a method of procedure offers a very inportant 
advantage, in that the selection of the material from which 
the spinn3ret or nozzle is made is no longer limited, since 
there is no longer any need to take into consideration the 
risk of corrosim by the precipitation bath, a risk which 
fornerly nccessitted tho use of spinnerets of precious metals. 

With the process, which is the object of this' invention, 
these disadvantages do not occur, and Eurthermore, there is 
the advantage of being able to carry out an extremely high 
drawinq which, calculated according to the rate at which the 
spinning solution passes out of the spinneret, and according 
to the wind-up rate of the receiving part, can attain more 
than 500% and even more than 1,000%. (Rx 2010, pp. 2-4 o f  
t 'r a n g 1 at i on 1 I 

377. U.S.  Patent 3,414,645 to Yorgan discloses that: 

In accordance with this invention outstanding improvements 
are provided in the extrusion of wholly aromatic polyamides 
by using a d r y  jet-wet spinning process wherein the polymer 
so1uti:m immediately after extrusion is led throlrjh a gaseous 
medium €or .a short distance, about 1/8 to 1-1/2 inches and 
preferably about from 1 /4  to 1 inch before being led into the 
coagulating bath. The gaseous meiium allows for 
instantaneous skincore formation to begin before the fiber 
enters the coagulation bath. The expression 'dry jet-wet 
spinning' refers to the fact that in the process of the 
invention the spi2nerette or jet face is suspended above the 
coagulation bath liqaid. After coagulation the fiber, 
depending. on the tjrge of Flyinec used, is either vashed 01 

advanced to the next step of the pocess. The remaininq 
seqaential steps are orientation, washing, a finish 
application if desired, drying, and an additions thermal 
stretching step referred to herein as a 'hot draw'. 
Surprisingly, utilization of this technique leads to much 
improved extraction of inorganic salts from the polymer 
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solution, improved structural properties of the shaped 
objects, and excellent thermal stability. (RX 59, col. 3, 
IS. 18-38) 

t t t 

The slperiortity of the dry jet-wet spinning technique 
over dry spinning is obvious on the basis of ease and 
completeness of salt removal, superior orientation, and 
crystallinity in the drawn fibers. In terms of wet spinning 
versus dry jet-wet spinning another distinction is readily 
demonstrable. The same polymer as described in Example 111 
was dry jet-wet spun except that the jet stretch was 
restricted to 1.31 times. After collecting fiber under the 
stable d r y  ]et-wet spinning conditions, the spinnerette was 
lowered into the spin bath and the sample wet spun srithoilt 
changing any condition other than summerging the 
spinnerette. The fiber cross section obatained by the dry 
jet-wet spinning technique is sfiown in FIGURE 2. The cros 
section obtained by the wet spinning technique is shown in 
FIGURE 3. The dry jet-wet spsn fiber was void free and is 
much preferred over the highly voided structures shown in 
FIGURE 3. During the dry jet-wet spinning the distance from 
the face of the spinnerette to the point along the thread 
line where the fiber appeared to be coagulated or delustered 
was approximately 7 inches. This sane point was observed 
only 0.5 inch from the spinnerete face with the fiber when 
'Jet Spun. (RX 59, Col. 9, 1s. 45-66) 

378. Other ptrnts which toach increased spinning speed which 

follow from using an 3ir gap include U.S. Patent Nos. 3,038,465 to Jurgeleit 

which issued Aug. 7, 1362 (RU-2180, co. 2, 1s.  7-10); 3,088,793 to Knudsen et 

31, which issued Yay 7, 1963 (RX-2181, col. 10 1s. 10-111,  3,415,922 to 

tarter, et 31. which issuei! 3ec. 10, 1968 (RX-2007, lines 11-13), and 

3,507,943 to Bentin whizh '&as based on an application filed Se?t. 29, 1967. 

(RX-2121, 1s. 21-24] 

379.. The fa:: t y i t  an air gap allows increased polymer , 

. .  
' concentration in the spi-,r,tn) s.3lution is taught in U.S .  Patent No. 3,088,793 

to Knildsen, et al. which issJeJ Yay 7, 1963. ( R X - 2 1 8 1 ,  Cole 3 1  1s. 51-53). 
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380.  The i n c r e a s e  i n  s p i n  s t r e t c h  f a c t o r  which can  be  a consequence 

of sp inning  through an a i r  gap is i l u s t r a t e d  i n  U.S. P a t e n t  Nos. 2 , 9 5 7 , 7 4 8  t o  

t i e s e b u r q  which i s s u e d  on O c t .  2 5 ,  1960 (RX-2179, c o l .  2 ,  1s. 10-151, 

3 , 0 8 8 , 7 9 3  t o  Knudsen, e t  a l .  w h i c h  i s s u e d  Nay 7 ,  1963 (RX-2181, c o l .  3 ,  I s .  

6 5 - 7 2 ) ,  and Sr i t i sh  P a t e n t  No. 1 , 0 9 1 , 9 4 7  t o  M i t s u b i s h i  Rayon Co., L t d .  

p u b l i s h e d  Nov. 2 2 ,  1967. (RX-2192, p. 1 ,  1s. 7 6 ,  p. 2 .  1. 4 ) .  

381. T h e  f a c t  tha t  the a i r  ga? may permit  the temperatures  of t h e  

spinning solution t o  be high and c o a g u l a t i o n  bath low is e x e m p l i f i e d  i n  U.S. 

P a t e n t  NOS. 2 , 3 2 3 ,  3 8 3  t o  Dreyfus w h i c h  i s s u e d  Ju ly  61 1943  (RX-2178 p. 1 ,  

col.  I ,  Is. 1 0 - 2 1 ,  and col.  2 ,  1s. 10-16), 3 , 0 4 8 , 4 6 5  to J u r g e l i e t  w h i c h  i s s u e d  

irug. 7, 1962  (RX-2180, col.  2 ,  1s. 38-41, and col. 3, 1 s .  8 0 1 7 1 ,  3 , 0 8 6 , 7 9 3  to 

Knudattn e t  a l .  vhich  i s s u e d  Nay 7 ,  1963  (RX-2181, col .  3 1s. 58-65 and col .  9, 

1s.  5 3 5 4 ,  5 8 - 6 5 ) ,  3 ,095 ,C36  to S c o t t  w h i c h  i s s u e d  J u l y  2 ,  1963 (RX-2182, co l ,  

4 ,  1. 7 6 ,  col. 5 ,  line 31, and 3 , 1 2 6 , 4 3 4  t o  Berger  v h i c h  i s s u e d  ?larch 4 ,  1964 
? 

( R x - 2 1 8 3 ,  col.  4 ,  1s. 53-69 ,  and co le  5, 1s. 13-21 and 4 7 - 5 5 ) .  

3a2. A i r  gap sp inniny  can produce f ibers of  h i g h e r  p r o p e r t i e s ,  a s  

i lLustrated i n  3.S. P a t e n t  Nos. 2 , 3 2 3 , 3 8 3  w h i c h  i s s u e d  July 6 ,  1943 (RX-2178 

a t  1,  col .  2, 1s. 1 8 - 2 2 ) ,  3 , 0 8 8 , 7 9 3  t o  Knudsen, e t  al. i J h i c h  i s s u e d  Yay 7, 

1963 (RX-2181, col .  1 8 ,  I s ,  4 4 - 4 7 ) ,  an9  3 , 1 2 6 , 4 3 4  to Derger w h i c h  i s sued  March 

2 4 ,  1964 ,  (RX-2183, c~l. 1 ,  Is .  43046  and col. 4 ,  1s. 2 9 - 3 6 ) .  

383. Other p a t e n t s  d i s c l o s e  the a s e  of an a i r  g a p  i n  a wet s p i n a i n g  

process i n c l u d e  U.S.  P a t e n t  Yos. 1 , 6 1 9 , 7 6 8 ,  issued i n  1927 t o  S c h u b e r t  €or the 

spinning  OE a r t i f i c i a l  s i lk  (RX-2176) ;  2 , 1 3 0 , 9 4 8 ,  i s s u e d  i n  1938 to  Carothers 

f o r  sp inning  E i b e r a  from 2olyamiJes (RX-239) ;  2 , 2 4 6 , 9 9 0 ,  issued i n  1941  t o  
. .  

Wupperman Cor rayon sp inning  (RX-2177) ;  3 , 3 5 4 , 1 2 5  i s s u e d  i n  1967 to S m i t h ,  et. 

- a 1  for spinning  f ibers Erom d i a m i n o b e n t a n i l i d e s  (RX-59, col .  7 ,  Example, X I V ,  

1s. 63-720) ;  3 , 3 5 4 , 7 0 6 ,  i s s a e d  i n  1970 to Yorgan for spinning  f i b e r s  Erom 



wholly aromatic polyamides (RX-104); 3 , 5 0 7 , 9 4 8 ,  issued i n  1970 to  B u n t i n  for 

spinning polypropylene ( R Y - 2 1 2 4 ) :  3,621,088 issaed in 1971  t o  Hatcher for 

spinriing thermoplastic f ibers (RX-2188): 3 ,110 ,452 ,  issued in 1.1965 t o  9ovard 

for s p i n n i n g  polyethylene Eibers (RX-2185); B r i t i s h  Patent Nos. 918,722, 

issued i n  1963  to Hercdles for spinning f ibers  from polypropylenc ( R X - 2 1 8 9 ) ;  

and B r i t i s h  P a t e n t  No. 1,017,855,  issaed in 1 9 6 6  t o  Monsanto for spinning 

f i b e r s  from acrylonitr  Ale, 

3 8 4 .  One of  D u  Pont's technical experts ,  Donald Robert Uhlman, 

presently serves as the Cabot Professor of ? later ia ls  i n  Science and 

Engineering a t  the I4assachusetts I n s t i t u t e  ol Technology. He holds a B.S. 

degree. He has M.S.  an3 P h . 3  degrees in Applied Physics. He joined the 

? l . I .T .  f a c i l i t y  i n  1365 .  I n  his  role as a professor a t  MIT over the past 

twenty years,  he has had both teaching and research r e s p w i b i l i t i e s  in 

polymers'and ceramics. 

undergraduate course and one g r a d u t e  course dealing w i t h  the s tructure ,  

For the'past ten years he has Seen teaching one 

processing and properties of polymers and an undergraduate course on the 

.?ngineering o f  p L ; r n e r s  an3 ; l a s s e s .  He has a lso  Seen teaching two other 

grajuate caucses,  one on glass and the secon3 on polyphase ceramics. I n  his 

course on polymers, cansideration is given to a broad range OP polymers, both 

f lexible-chain and rigid-chain. These include n y l m ,  polyacrylonitr i le ,  

polyethylene, p3lyethylene terephthalate snd polyurethanes, as well as 

aromatic polyamides s u c h  .as poly (p-phenylene terephthslarnide) (PPD-TI am3 

poly (1,4 bantamide) ( 1 , 4  B). The 3iscussion also  includes the 

c h a r a c t e r i s t i c s  and uses of "Kevlar' Pibers. Together with h i s  graduate 

students,  he also c a r r i e s  out research-on Tolymeric materials ,  w i t h  particular 

emphasis on the structure and transformation behavior of polymers and their  
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rsl~tionship to processing history. This research has incluJd 5tJJit.a 

aniotropic-isotropic transitim; as well as crystallizhtion and relaxitian of 

riyid-chain polymers. It has also included strudies of the strdcture of 

"Kevlar" Eibers. tie also carries out r e S t ? d r C h  in the areas of g l a a j e s  an3 

ceraniics. Prof. Uhlmdnn has directed m c h  attention to identifying 

sirnilidcities and differences tjctwcon polymers and ceraniics, to interfdces 

betwaen polymers 3nd ceramics in composites, and to the use oE metal-organic 

polymers and precursors in the synthesis of cerainic materials. In addition to 

his responsibilities at NIT, ProEescor Uhlmnn serves as a consultant to a 

nunber of industrial firms in developing rieid processes and materials. 

€ i r n s  include X I N ,  Drl Pont, and G'L'E Laboratories. (Uhlmann, CX-835, pp. 1-31. 

These 

385. 'l'hk dry jet wet spinninj process is illustrated schematically 

in the f i g u r e  below w h i c h  Is taken from the Ucci U.S.  Patent No. 3,080,210 

assigned to Elonsdntc, (:X-B52-9). 
# 

._.-- - 
.- - 

FIG.1, 

A s  with fibers produced by melt spinning, dry spinning or wet spinning, the 

as-spun f ibers  produced by dry ] e t  wet spinning described in the literature 

can be subsequently drawn (stretched) to produce materials with dcceptablc 

mechanical properties. As illustrative oL these properties, UCCi (CS 8 5 2 - 0  

obtained polyacrylonitrile fibers with tenacities of 4 to 5 gpd aEter 

exten'sivs stretching. (Uhlmann, CX-835, p. 27; CX-852-9) 
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386. The use of dry Jet wet spinning as a technique was described 

in .a number of patents prior to the '756 patent, and was suggested by 

different patentees as providing different advantages in processing. Tnesc 

include the production of fibers having an optinum baLance of longitudinal and 

lateral properties (the productim of isotropic filaments with a thin outer 

skin); an improvement in the jet stretchability or spiming velocity and the 

avoidance of splitting of bicomponent fibers: the accomodation of different 

temperatures for the spin dope and coagulation bath: the production of fibers 

with h i g h  affinity fot dyes, suggested as associated with the generatian of 

large numbers of submicroscopic cavities: and an improvement in the extraction 

of solvent and inorganic salts from the polymer solution together with a 

re,juction or elimination of voids in as-spun fibers. (Uhlmann, CX-835, p. 28) .  

387. Prof. 'Jhlnann testified that in none of the patents which 

describe dry jet wet spinning prior to the '756 patent is the method taught as 

an approach to making 

of said patents is it 

nore is it tailght for 

t h t  to the contrary, 

as-spun E ibers 

taught for use 

the production 

.&en used with 

with high strength and modulus; in none 

with Liquid crystaLline solutions: and in 

sf highly crystalline as-spun fibers; 

rigid plyncrs, it is suggested to 

produce gel-like as-coagulated fibers (CX-852-27, col. 7 1s. 28-37: Daniels 

et al. U.S. Patent 3,600,269). Further, Prof. Uhlnann testified that the 

method is suggested in some cases to produce a large nJmber of small cavities 

in the fibers; while in others, it is suggested to reduce or eliminate vDids. 

He testified that the patents prior to the '756 patent which emplDyed dry jet 

wet spinning of aromatic polyamides were concerned with producing largely 

isotropic as-spun fibers having a relatively lo& degree of crystallinity, 

since the orientation was developed in post-spinning drawing operations: that 

in contrast, the use of dry jet wet spinning with the hi3h concentratim 
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liquid crystalline dopes of the '756 patent serves to maintain and enhance the 

orientation developed in the spinneret, and thus contributes to the prol3uction 

of fibers with exceptionally high as-spun orientation. He also testified that 

with a11 of the these spinning processes, the details of the processr and 

indeed the selection of the process, were tailored to the characteristics of 

the polymer being s p n ;  that in all cases, Fst-spin drawing (stretching) WdS 

employed to obtain fibers rith useful mechanical properties: that in general, 

melt spinning was preferred over the other tohniques for reasons of 

throughput, av0i:iance of solvent handlin3, etc.; but the solution aethods was 

used where processable melts cannot be obtained. (Uhlmann, CX-835,  pp. 28-29). 

388. One cannot generalize with regard to the tenacity as a 

function of the spin dope cmcentration even within.the field of 

para-aramids. (Uhlnann, Tr. p. - 8 7 5 ) .  

X CONCENTRATED SULFiTRIC ACID 

399. The tern "concmtrated sulEur ic acid" is almost universally 

applied to descr ibc a=i:!s of concentrations between 95-989, with values in  the 

range of about 96% being commonly provided by commercial slrppliers. ('Jhhann, 

CX-1147 p. 10; Hagat, CX-1143 p. 6, Tr. pp. 6 1 5 ,  641; Witherspoon, Tr. pp. 

1427-28). The Collowing sources show that concantrated sulfuric acid  

describes acids of concontr3ti?ns between 95 and 98%: 

. .  
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391. 1:erman C. ::eyland, 3 n  employee o f  respondent En!:a carried ou t  

the folloirfng experfments: 

(1) Experiments i n  : J h i c h  the concentration of L , 1 '  DAST i n  
:I f,C (I~f'Xqconcentratlon) spi n n i n l :  dopes were varfed 
f r0n  
s p u n  fron such r!opes vere tested f o r  tcnaci ty ,  elonzatlon, 
modulus and f i lanent count. T n  these experinents, the draw 
rat  io afforr!ing noxlnun tenaci t y  w3s deterni ned f o r  eocti 
concentration, that draw ratltr vas enployed nncl a l l  varfahles 
except polycer concsntration were held constant. 

to ??% hy :?eight on,! the  ffhers rJhich vere air-gap 

!?) 
2nX concentration (hy vefzlit) of 4 , 4 '  P A C i  i n  IIqZlr~, (1nPZ 
concentration! vere spun ( a )  vith tile face of t i e  spinneret 
lnnersed i n  the coagulation bath and (1)) w i t h  the spinneret 
separated from the surface of the coagulation hath by l?. mnr 
haafn, w i t h  the exceptfon of the chhnge i n  location of the 
spinneret,  311 other varlahles i n  the conparnhle tests were 
Iield constant,  

Zx?erlTents i n  which identical  spfnnin:: dopes conprfsing 

?"2.  7 1 s  exr jr inents  were sail1 to be carried out "essent ia l ly  under 

t+e op thun  conditions" clfscloded in ' B h l e  1 (colunn 7 )  of t h e  Iforplan ' G 4 5  

patent.  After leaving the s p i n n l n g  hath, the f f lanents  were wound and slashed 

:i f  th r u n n i n g  water. ::owsver t!*e stretching trentnent and the hent treatnent 

rrsec! i n  tr*e procedure o f  t!le ' 6 4 5  patent vere onftteci. I t  va s  sal:! in 

jccord,Tnce irit!:  t!:e ' 6 4 7  spccif  icatfon,  the w i n d i n s  speed ( f i n a l  speed) was 37 

n h f n  !correspon?in: to 121 f .  p.m.);  that since i t  vas cormon knowledge that a 

hither polyner inherent viscosi ty  w i l l  ,:enernlly resul t  i n  hizher fiber 

tenncft ies ,  an inherent vfscoeity of 4 . 3  was used; that L , ~ ' - F A ? , T  having an 

inherent viscosi  t y  as h i g h  3s ?,'53 hac! keen discloser1 !n  !!onsanto publications 

!?reston e t  31. p. n55 o f  .Tourn. o f  yolvner Sctcnce "rt c: Po?\Ter Synposin 

1*7??. :leijlnnd concluced t h a t  the resu! t s  o f  these experiments tlenonstrnta1 
. .  

that there is no c r i t i c a l  p o f r l t  a t  which there j s  an abrupt rise or jucp i n  



tenac l tv  as polvner concentration i s  increased and the so lut ions  goes  f r o n  

1:;otroplc to an isot ropic ;  tha t  the f l h e r  t e n a c i t y  lncreases  If near l y  vit i !  tile 
, 

dope concentrat ion;  that  there  i s  no s p e c i a l  e f f e c t  a t  a dope concentration of 

1L2 by !.JeiRht polyner in 1 ' 2 C C 4 1  the lover  concentrat ion L i m i t  sat  fortt- i n  

the ' 7 ? 5  patent ;  that  under  the conditions o f  the experinents that ":' ,!ope : X I S  

i s o t r o p i c ,  vhereas the dopes Iiavfnz a concentraton of IlZ s n d  hig'ier :Jere a l l  

s n f s o t r o p i c ;  a r !  that t!:ere ! s  an the absence of any non-linear e f f e c t  on 

tenac i ty  rest i l t in: ,  from t'>e change fron i s o t r o p i c  t o  a n i s o t r c p i c  s t a t e  i n  tile 

(lope. I t  ims s a i d  i n  the experinents that  the  lowcst dope concentration vas 

"%; that  at  lover  concentrnt ions ,  spinning vas found t o  be d i f f i c u l t  and the 

r e s u l t s  ohtainer! unre l jahte ;  that  s p i n n i n g  a t  lower dope concentrat ions  was 

found t o  be p o s s i h l e ,  horlever, when the spinning tenperature V ~ S  lowered t o  

4c°C:. 

terepbthalanide (4 ,4 ' - I lACT)  vas spun "according t o  the s p e c i f l c s t f o n  of U.S. 

Fatent 3 , 4 1 J , U ? " ;  that  n s p f n n i n , ?  dope :gas prepared by dissolvinr:  4,4 'PACT i n  

7' CP 
"2 4 

PP. ? - ? I .  

I n  t'ie experlnent i t  was sair! that  p o l y  4 ,1 ' - t l ianinohenzani l ide  

tlnc;i concentrat ion)  3 t  Srv.  in a 1.1~7 1. Y.?IE; : f ixer.  ( ~ ~ - 2 2 ~ 1 ,  

?"3. In ti12 : 'e i j land experinents A Y W  did not use I'orean's 'lot ? i n ,  

' x t  shoe an,: ('raw r o l l s  (Yei j lanc! ,  2, p .  ? ? O f l \ ,  nor a n y  of the ''organ lf45 

elements dni' vocess!ny, s teps  throezh l? s1iot.m i n  TIC.  1. ( l ! e i J l s n d ,  Yr. p. 

?3(.P, 1. "I-Tr. p .  "61, L. " 5 ;  CPX-11).  :!ef-j?nnd's experinents c l infnnted 

t:'o t\irc!s o f  the :!organ ' (>AS process. (i:eij!..7nd, 3. p. ?2n? 1s. L n - 2 2 ) .  

3"4. The :organ '!,45 patent  d o e s  not cl isclose how the 4 , 4 ' - P A t T  



235. The s u l f u r l c  ncir l  use:! in t!ic ::e?jland cxperlnents ZIJS 1rnE 

concentration. 

c onc e n t r a t i on. 

5 e  ::organ ‘6115 parent does not specify l W :  sul fur ic  acid 

( CX-? 5 2 -? ? , Z - 1 2 1 ~  ) . 

Llterature reference 3). 



(CX-T43, p. 4 ,  11. 1 5 - F ) .  

400 .  

(c::-n/:T, p. ? of translation, polnt 2). 

Cc!:44fi, p. 1). 

. .  

(CX-n!85,i ,  p. I ,  point 1). 

I!??. 



8 



(CX-O5fiA, p. 7, point  7). 

( C X - L r m ,  p. 2). 

3oc 



( CX-" '1 n , P o  lP, p o l n t  7). 

(CS-*,GlA, p. 3, point 

. .  





. 



416. 



4 1 7 .  



(C:.:-”Zl p. 3). 

8 

(c::-vr,.s, p .  3). 



4?3. 

. (CX-n14h, p. ?2) .  



. .  

. .  



427. 

(C::-lnL?, p. U). 
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. .  

($::-n?7, p. A next to  Fast para.! 



(c:,:-q27, pp. 7 ,  2 1 ,  

Licensing Piscirssions 

432. Cn Janua ry  lo, 1!?n3, i!r. Loudon, t lkzo ' s  ?resfdent, wrote a 

l e t t e r  t o  ?.. X. :!rlon, Cursr , t*s  I n t e r n a t i o n a l  v:ce,?resident, regardine a 

neetiny nn 7ehruc:ry 7 ,  1"": In !;iLningto3 w i t ! '  ?u?ont officials. Loudon 

waited tc exchan2e sone geaeral  ic!eas and views on our respected aspectat ions 

.7nd outlooks and h e  * : r u ! . l  l ike  t o  toucl: upon t'le arar:id f i b e r  prohlen between 

"Our"  conpanics Loudon statcc! t h a t  ~ 1 . ~ 0  has ta'ien the decision to "20 ahead" 

an<! "are conritter! t o  t!)e r e a l i z a t i a n  of  our p r o j e c t ,  a l s o  because of  t h e  

; *ar t fc ipat ion  5y tlle "ottLetr! Pevelopient C o n p ~ n y  and the !iigh inportance tkc 

"utct: Covernnent nttac!.es t o  t!:f s j o l n t  ventate."  (C::-3n> 

l fcense  i t s  aroni.! fiber patents .  

and t ine  i n  t5e ""ev17-'+ ' . . r rn j cc t  .ind 5elieved that It ;JJS at as t?:e verge of 

reapln.: rewards f c r  t'tose i n v e s t l v i e n t s .  ? a r t  Iculnrly i n  the l'nltetl Z t n t e s  ,ir 1 

~uropean n a r : . e t s ,  ront 11a.1 a strcnz pressnce i n  ot!ier indltstrfal  f i b e r s  an:! 

?u ?oot ha? invested a Great deal of zonev 
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hellevec! i t  - ~ o u l d  be .:lie t o  serv ice  t:!ose iar ! ;e ts  ade;!!ntely withx. t  

l icensing i t s  patents  t o  con?,an!es. ( 'iiec'iert, qX-1, p. 72). 

434. Pn February ?1, la??, ?!r. ioudon wrote t o  ruPont's 2:r. 

Jefferson,  Chairnan o f  T)uront's 30ard o f  r i r e c t o r s .  llis l e t t e r  read i n  p 3 r t :  

C n  the sub jec t  of araefds I have notec! that your pr inc ipa l  
o b j e c t i o n  to OUY p l a n s  i s  the t i n i n g  of o u r  entry  i n t o  the 
market in ln?6. You s ta ted  that  a d e l a y  of two t o  three 
years .lould have nndz n a t t e r s  e a s i e r .  I indica ted ,  hovever, 
that f o r  technica l  reasons we were not i n  3 pos i t ion  anmore 
t o  postpone our plants  fron coring i n t o  productfor. i n  1nf5. 
Sou also . ;tressed the irlportant con-dtnents yo11 have ma8e i n  
the  past t o  .'evelop Tzevlnr and y c x  obl iza t ion  t o  
shareholders to  show as quickly os  posslhle  a return on this 
Investment. 7 suzcested that :le, unner sene forn of  roya l ty  
agreenent,  could perhaps contr ibute  liereto and you proposed 
that  we t r y  t o  )re nore s p e c i f i c  3nd quantify our thoughts. 

I unr!erstand y o u r  anxiety  as t o  ti:e inf luence  our entry i n t o  
the nnrltet could have on t?,e results of T:evlnr. . i!owever, 
l o o k i n g  at our o*.m pro jec t ion  1 b e l l e v e  that in f u r t h e r  
discussion :re ccul:! a l l e v i a t e  suc5 anxiety  as i t  would t a l e  
11s sone t i n e  a f ter  lqn6 t o  reac!i our frill capaci ty .  

v *  18e  have i n  t 5 e  n e a n t i x  p,lven f u r t h e r  considerat fon t o  bow we 
can f i n d  a m y  aut and 1 ask :pel f  Lf we could not cone to  a 
scltt lenent D f  our Zfsput'2 alonp, the  f o l l o w i n = :  l ines.  Under a 
l i c e n s e  azrecnent we ~ o u 1 3  l e  prepare(' t o  pa:r yo11 J 

reasonable f e e  on o m  sales, :d!lile ve v o u l d  l e  w i l l i n g  to  
s e t t l e  a su5st.vth: part o f  the 1-oynltfes i n  the  f o n  of an 
advance payrent of 5 ?? n i l l i o n  on the date ve enter the 
nnrl.et. !:oreover, i t  :Jml:lcl he accept; lhle un:ler an aereenent 
' l i t !r  yoti t o  lir,lt o:ir Ucense d u r i q  the f i r s t  years  a f t e r  
, x r  c n t r y  i n t o  t 5 c  m r k e t ,  to  T'crope only. 'In return we 
txpect  f ro? you that  a11 lep,al r:rocee!!inzs aga jns t  us i n  the 
f i e l c !  o f  aranlds are te rn inated ,  !!hlle we, o f  course ,  v O U I ~  

also Tfith-?rav al! ob jec t ions  and appeals t o  your potent 
appl icscfons  a n d  patents,  In orlrlltion, ve are  prepared - I f  
this *~ould  he of I r t e r e s t  to you - t o  ne, ;ot iote a n  agrecnent 
on exchange o f  knovlet!ge on e.E. r.iu nater!zl  aspects. 

Fron our l.!Sscussions I Czlned t i e  ?n?resa!on that  tllis 
approach r m ! l d  In prfnziple  s-,penr t o  t e  an acce?ta%Le F ~ I S ~ S  
t o  contlnue our c:fscussf ons, !lenn:ihLle T rennin convinced 
that an nc!dft!onnl soiirce of supply  1.7??1 have 3 posLtive 
e f f e c t  on the  dexdlopncnt o f  the market for a r a r i d  f i 5 e r s .  
.jnyray, i t  !s ~ t : r  firm intent ion t o  conduct our actLvLties  i n  
an i n t e l l i g e n t  ani! proper fas!*ion. 

( a:::- 31) . 
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!1?5. Tu ?ont's !:r. Jsfferson in a l e t t e r  date? !lay 70, 1"S1 t o  .Il:zo 

rejected the proposal i n  ;ll:zo's rebruory 21, l"13 l e t t e r  "Ln its persent forn" 

but sa id  i t  appears h i g h l y  pro52enaticol to' Pu Pont that it can he nodified t o  

be acceptable. Du?ont was prepared to  ~ f s c o r ; o  othzr o p t i o n s ,  Jefferson in 

the :by 27, l ? t 3  l e t t e r  stated:  

!IC conclude that the impact o f  Akzo entering the aranid 
f i b e r  nnr:;et i n  T u T o ~ ; ~  in l"?h - s i x  'rears before the 
expiratfon of our I z s i c  p a t e n t s  - \IOUL(! have an iyiportant 
adverse e f f e c t  on  t!ie perf ornance of our 1:evlar venture. 
T h i s  conclusion apfenrs t o  5e i n  contrast w i t l .  your own 
analysis .  

'le helieve that the reason for these di f ferent  conclusions 
l i e s  i n  a dif ferent  understanding of  t h e  current s i z e  of the 
narket and, hence, t5e  mnrkct size i n  the years following 
yot!r planned startup. Eased on recently p u h l i s h e d  statements 
attribiiterl t o  Akzc  representatives,  your orqanlzation's 
percertion o f  t5e size of t h e  world market in l"P2 i s  greater 
than tvice  the actual m o u n t ,  

rrrr experience 1s that narket penetration ? s  slow i n  
aramid f l t e r s .  hcceptance is characterized ')Y f a i r l y  lengthy 
evaluations t o  d e n o n s t r a t e  value and perf ornance as a 
component 17 sophistfcnt,ed and expensive system. !Ihile ve 
have p!3nned c,ipacfty so as 2ot  to l i n i t  our nrouth, we 
expect t o  operate :re11 below O U T  capnhflfty f o r  a number of  
Years, 

( c:;-T]. 2) . 
&36. : IT.  Jefferson i n  his ?!ay W B  LOT;? l e t t e r  L'esignated nuPont's 

Tobert J. I l l a i r ,  Vice-?resl:lent, Y e t t i l e  Ti5ers, t o  pursue further discussions 

4 2 7 .  70 prepare for a proposed n e e t i n g  I-et:recn r?u??ont and.~ ! :zo  

executives, two o f  ::r ' ; l ~ ! r ' s  msLstnnts,  :!r. I:enry, vlro test i f fec!  a t  the 

beering, and I:r. Car '!TI! ?rcynred nenoranda s e t t i n e  forth recomrndations 0s 

t o  positions C u P o n t  E!..' ! t a l e ? .  (Ifenry, T ' X - q l l ,  pp. ?.?-3P, 3 4 l - L c ;  C a r d l n s l ,  

-::-5f-n, pp. l C ? - f l ? . ) .  



43n. 'In a neno dated I h y  25,1qn83 Dui'ont's l!e3ty wrote: 

?:ey ?oint s 

hkzo's motivation t o  negotiate p r i n n r i l y  caused by 
Covernnent/hlon questions re :  
ven ture. 

v i a b i l i t y  of aramid 

Signif icant f a c t o r  is Cernnn patent court upholding !?.lodes 
appllcation. 
?!etherlands for opposition. 

30th Blades patents now fssued i n  

Rev Zlinlster of Cconony elected a f t e r  government decision 
to support Akzo. 

. Sfnce current view of denand w i l l  not support addec! 
capacity, r isks  t o  all parties extremely large i n  the 
$1 nKul's, 

. Jot toa-li  ne penalty range to ?uFont $?Nb4r)C!ra:: whether ve 
ffzht or reach agreement. Probably l i t t l e  t o  choose. 

If we reach agreement with ;\1:zo,.we e l inlnate  the chance 
o f  stopplnz OT delaying unless delay is part of the 

' ngreencnt. 

. 7frm stand siCnals potentlal challenges o f  our resolve to  
defend pntents. - 

. Il!ifle I view the Likellhood of reaching agreement as  very 
1011, i t  eives our best chance t o  influence Akzo about the 
f inancial  r e a l i t y  of our respective positions. 

. P o s l t i v e  a c t  on our part for further discussion vith P u t c h  
Covermen t , 

A:;zo and the Piitch Government must understand our view of 
iemand and r i f t h  the capita l  Intensi ty  o f  these f i b e r s  the 
c r l t i c n l i t y  of  value-in-use p r f c r n g  i n  special product 
segrents t o  recover t h e  lnvestnent and make nodest profits .  

Zlcments of Satisfactory Jzreenent: 

!!ant - 
Delag - no entry 
until our  patents 
expf re 

I!rrsts - 
. License rurope o n l y ,  no. 

export of  f f n i  s hec! 
art lcles. 

, use of hktc Technology , !hPont SuppLLes 
ingredients. 



. Vpfront Ljcense Fee - 
$5?!1, 

. ".oyalty Fee - 52 hu35er 
-IC: 

Speci  a 1  
?roduct s 

The :!usts i t e n s  rioul(? r e s t r f c t  Akzo t o  Surope, give US 
none treasure o f  control throvp,h ingredients, and n $LQWUi 
paynen t ($UYL'I i n g r e d i e n t s )  f r o n  r\l;zo. 

cua!itatfvel :r  (and q u . i n t i t n t i v e l y  where possfyle)  T 'n  
coning t o  $Innl::i s e e i i n g  ahout r i g h t .  If our Yest c a s e  
( l o i r e s t  risk) i s  shout $ 9 Q P Y l : ,  ire s!:ould r e c o v e r  a s i z a b l e  
portion t o  make an agrement vort!nlhile  and A1xzo must have an 
i n c e n t i v e  to generate  naxfnun dollars for e a r l y  market entry .  

43?. Ilr. !!enry's feelin? as to the "!!usts i t e n s "  i n  h f s  flay 25,1383 

neno uas t h a t  if Pu?ont could e n t e r  i n t o  a supply c o n t r a c t  on i n g r e d i e n t s ,  

where DuPont cotild c o s t  tlle lngre?lents 3t DvTont's cost and add a p r o f i t ,  f t  

:mule! kecp A ~ Z C  f r o n  l o o t i n g  o r  t h a t  as an fncrer ,entnl  c o s t  a n d  t h e r e f o r e  help 

cstrt1;lfsh h flocr on A!:zo's cost i n  t e r n s  o f  what tbey had t o  a c c o n p l l s h .  

DuPont's :!r. Grdfnal  bel ieved t h a t  t h e r e  ~ 3 s  no way worilc! Akzo e n t c r t a l n  t h a t  

' x c a u s e  cf the de!::; involved; If .\l;zo 5:c-u;ht f n z r e d l e n t s  fron Du ?ont ,  it 

would not hc chlc t o  ei-ploy people that  f t  hzc! contracted o r  c o n c f t t e d  t o  the 

D u t c h  Soverrnent. (Kenry i!c;l., ?.:(-5ll, qp. 364-(,5; ",r~!fnaL rep., ?X-5-n, pp. 

1 E - F ) .  

4/19. t:r. Iknry made a persentat fon at the June P, l f C 3  n e e t l n g  OP 

!!e pointed the subject of perssnt and forecasted fu turz  d e m n d  f o r  nrnnf(!s. 

out that ,  based on recent p r e s s  r e p o r t s ,  ,\!:zo ;~pproacb t o  h o l d  tfe 

niscoriccptfons that lQ"? armf!! sales had beer 2n rlllion pound :rhlle t!?ey h a d  
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i n  f a c t  been l e s s  t h a n  12 n i l l i c l n  pounds. (Ilemy, C::-?nl,pp. 31-71, ?.::-ell, 

pp. .115-1?; ?.:<-6f.5; C h i  r ,  !'.S-522, p p .  141.63). !!r, >roekneyer  su?,,:ested t h a t  

the market for aramids i n  1*?P could he as h i g h  as l p n  n i l l i o n  pounds,  hut i!r. 

Iienty d i s a g r e e d  and expla ined  i t  wogl:I be unreosona! le t o  expect the 

unprecedentedly high growth rate i n p l i e d  hy such n n  c s t i n a t e .  (l :enrg, "?:-511, 

pp. 1 1 S - l n ;  CX-3?1, pp. 21-23 ;  ?:-5f).5; E l a i r ,  i?::-55" , pp. 141-h?;  Croekneyer, 

441. I k .  3 r o e t n e y e r  prepared a nenornndun doted June f, I f ? ?  

recording  the nuPont A k t o  June n , l " ? ?  n e e t i n s .  If r e f l e c t s ,  i n t e r  a l i a  that 

Cu Pont s o l i c ! t e d .  "Any 3nka sugges t ion"  as the l a s t  of e i g h t  d i s c u s s i o n  

i t e n s  which "u ?ant's 31air placed i n  tEe tahfe. I t  also refers t o  as  an i t e n  

"Supply  i n z r e d i e n t s " :  3roekneyer in the  neno stated t h a t  ?u P o n t ' s  i l lair '' 

s e e s  o v e r c a p a c l t y  s i t u a t l o n "  (RX-512) "Joekmeyer t e s t f f i e d  3s t o  the :lay n ,  

l3C? n e e t i n g :  

q: Can you t e l l  us i n  your o m  words the s u l s t a n c e  of what 
' t.ool place t h e r e ?  

11: :Jhat 'I do reKenher is t!?e f a c t  t h a t  c e r t a i n  c o n d i t i o n s  
have heen piit on tJ:e t n h l e  by CuPont, uhicli c o n d i t i o n s  1, 
personally, r e a l l y  cons idered  t o  !)e inpossf kle ones. 

q: ::hat tiere t!?ose c o n f i t i o n s  that  you cons idered  impossible? 

A: T vi11 try t c  reproduce what I r e n e n t e r .  The p o i n t s  I an 
nakina are not necessarily taken i n  t h a t  sequence. FLrst 
of a l 1 , t h e  use o f  %Pant raw n a t e r i a l ,  t h ? n  a l u c p  sun 
r o y a l t y ,  no '*?A m c t i v t t i e s ,  c o o p e r a t i o n  in keeping i n p o r t  
dnt i e s  105.~, an:! t h c  free use of t h s  ? M a  patent  
s i t u n t l o n .  ( 3 t o c I ; n e y e r  Pep., C X - ~ ? ,  P. 17') 

4 4 1 ( a ' ) .  r.\l:zo's c?ceci:tive Zenpelfn :rho :#as a t  t h e  June ", I n n ?  4V;to - 
Cu P o n t  n e e t i n ;  test l f  Led : 

$: Cut you don' t c!lsa,c;ree V*it!i tlie propos i t  l o n  t ? ! a t  Cnka's 
s u g n e s t l a n s  were s a l i c j t e d ?  



'1: T think I said hefore  that  PuTont said i f  there are any 
o ther  suysest ions  -- and I nean suygestfoas i n  the 
E f r e c t l o n  of addl t lona l  value that 5173 put i n t o  the 
package -- t h i s  would be welcone and t h i s  could be . 

discussed.  ';hat i s  c o r r e c t .  

(Zenpelin, T r . ,  p. 15761,  11. 11-17) .  

Zeempelia t e s t i f i e d  on r e d i r e c t  examinntion: 

q: 

A: 

(Zenpeli  n 

\!itlr respect  t o  this e lencnt  o f  s u p p l y i n g  the raw 
n a t e r i n l s ,  vhat vas your understanding o f  how i r p o r t a n t  
that  w30 i n  g e t t i n 2  a l i c e n s e  f o m  RuPont? 

!!ell,  I t h i n k  I descrfbed the process  of  the discussion 
j u s t  no:J or an hour 3nc! a !ialf azo, and I can only  
repeat .  This  :.!as regarded by Pu Pont and understood by US 

as a n  e s s e n t i a l  p a r t  of  a would-be If cense agreecrent , 

(?n recross  Zerpel in  t e s t i f i e d :  

* ".," 
L ~ . A .  X?C'T!Y!Y: ?uestfon:  ";,t the neet ing of June 4,1?;13, 

i n  Arnlien hetween nupont on the one hand and dl:ZO and E I X A  on 
the o ther ,  do you recal l  approximately when the s u b j e c t  of 
ingredients  cane up?" 

2 t T  i!XrZSS: *!o, not precfsely.  But T renenber that  l!r. 
Cla i r  OT Ik. 1:enry l i s ted severa l  i t e n s  as  T personnaly 
would c a l l  I t  condztions,  3s cona3itfons o f  a l i c e n s e .  That 
is, l i c e n s e  r e s t r i c t e d  t o  turope, s u h e t a n t i a l l y  more money, 
and then there a t'ifrc?, and I t h l n k  it was nunber f o u r ,  
i f  1 renenher c o r r e c t l y ,  that  this purchase of raw m a t e r i a l s  
was nen t i one?, 

And i t e n  a f t e r  i t e n  had keen discussed.  T t  was not at  the 
very h e g i x i n g  o f  the meeting and not a t  the very end of the 
neeting.  That i s  a 1 1  I can say.:' 

c: ; : e l l ,  did a l l  the discussions  betvcen the parties cease  
when PuPont descr1')ed the ingredients  proposal? 

A: I!o. '.le vent on with tl ie c'fscussions,and :?hen we cane t o  
tlie raw nater?nls t?le quest ions  1 qentfonec! hefore had heen 
asked frcn a i r  s ! ? ~  ant1 there  was a dlscussion o f  q u f t e  some 
tine ahout  the prices, heca;lsc that  :JSS the crucial elenent 
or one of the c r u c i a l  eLeaents  fron our s ide .  



And then I a s ked  this question I 3ad Seen s p e a k i n g  
a b o u t  before :  1s t'ris e s s e n t i a l ,  i s  this  very inpor tant?  
: j e l l ,  and then we prohahly went on to  d iscuss  a few other 
i tens .  i h i s  was not  the very end of  the d iscuss fon ,  h u t  i t  
was tlie l a s t  of the  na jo r  i t e n s ,  I t h i n k  tfie very l n s t  one, 
the t a r i f f  reduct ion,  I'n not sure.  

(Zempelin Tr., pp. lfifl7-1Wn). 

4 4 2 .  . @ n  exanfnation by the s t a f f  a t torney rep,;\rc!Ing the question of 

PuPOnt sufplyfng raw mater ia l s  a t  the  June ?,1?:3 n e e t i  n g ,  Zenpelin t e s t i f  fed: 

(?: P O  You r e c a l l  i n  t l . 2  June ?tth neet incs  ! J i t h  ?ti Pont 
representa t ives  whether any representat ive  o f  Du Pont  nade 3 

s t3 tenent  to you o r  a n y  otl :er  representa t ive  of  AYZC that 
they would not consider l i c e n s f n g  any  of their  I:EVLA? patents  
unless A X C  purchased i t s  rav materials fron DuPont '! 

A :  ! ;e l l ,  that is not e x a c t l y  ny r e c o l l e c t i o n ,  s i r .  IlY 
r e c o l l e c t f o n  o f  t ! i i s  neet in?  -- and I an very s u r e  Itecause i t  
was a very inportant point -- f s  that  t h i s  package had Bern 
presented,  tlie package that I vas t a l k i n y ,  before ;  and that 
the buyin: of rat7 mater ia l  :~ns  one o f  the points .  

And lrinedfately a <!iscussion cane up, what do you clean, 
what a r e  the FrLces'! 
Is  very c t i f f i c u l t  if r e  don't have a price bas i s ,  and 
considering t h t  our ra:! naterlal plant i s  a l ready  nore O r  
less under construct  ioa. A n d  t h i s  s t i n u l a t e , !  ne personally, 
I renenber,  t o  as!: r? question:  l:ov, 2s this a suhstantfa l  
point or an esnent la l  p o l n t  of bur package? And 1 safJ yes. 

,\nd we s a i d  fron our s f d e ,  wel l ,  t h i s  

Tbat is n!:out tf!o conversation.  

4 4 3 .  3r. IIenry t e s t i f i e d  that CuPont dfd not present "condf tions" 

3t the June ? t h  w e c f n , ? ,  ?\ut rnther  souaht " t o  discuss  any t e r n s  o r  package of 

terns  that E a i r l y  conpensatcd %Font , . .*' (c!;-?nl, p .  ??). Ile a l s o  

conffrned that  t'r. S!ni r's r;i:y,::estion w i t : )  respect  t o  ,~l;zo's purchase Of rav 

n n t e r i a l s  vas not 3 ' * c ) r  ' i r i c n , "  hut a point ofEered f o r  posslble Inclusion i n  



4 4 4 .  I1ftS.l respect to dfscusslons relating t o  pricing at the June ?, 

1?'Q3 Akto - PuPont neeting, A1;zo's Broekneyer tes t i f i ed :  

q: Vhat discussions, i f  a n y ,  were there of pricing of 
aramid f iber  a t  that neetin&? 

A: (DTFIECTLY) I don't recollect.  I think IIr. llenry -- 
that i s  probably where I heard the term for the f i r s t  time -- 
made a reference t o  value-in-use p r l c i n g .  Any maybe I have 
made a reference t o  the fact  that I did not see that we Would 
disturb C.S. prfce levels. That i s  to the best of my 
recollection. 

* * * * *  

9: 30 your recollect anything further about prfce 
discussions a t  that time? 

A: (DIP7CTL'I) Yo, because price discussions as such were 
not t h e  nain topic of that meeting. I n  f a c t ,  they were not a 
topic as far  as I recollect a t  all. 

* * * * * '  
A:  ( D T C C T L ' i )  30, I don't renenber that. Again, 1 would 

like to nention that pricfnp, in that neeting was of no 
consequence, ant i t  vas not the occnsfon and the t ine t o  
.-!iscuss prices a t  all. 

(3rcc?:rneyer, t r .  pp. 'n51-7952, 3055). 

445. Y i t h  respect to future estimates of aramid f f b e r  discussed at 

t h e  June ?, 1 ? ? 2  neetin:: Akzo's Sroeheyer tes t f f i ed :  

A: ( D T T C Z Y )  Ilr. Henry stated t h a t  we had overestinated 
the narket. I:r. 1;enry a l s o  made a snarl presentation showfng 
that the entry o f  a second supplier, f n  his n i n d ,  uould not 
have a beneficial influence on the grovth of the market, And 
he referred then t o ,  as far  as I renenber correctly,  Japanese 
circuns tames. 

Q: Did you agree uith' Xr. ~ e n r y  that you head 
overestfmted the Tarket? 

. .  A :  (l!XREC'iLY) Pur est imotes uere certalnly higher tlian 
the figures I:r. ~ k n r y  presented. 

(Eroekneyer, pp. 3054-7n55). 



U f i .  Cn the June I', lnn? .U;zo DuPont meeting, EuPont wrote on June 

1 4 ,  193 :  

Akzo changed estimate of 1?,3:! worldwide denand fron 2q:Ol 
13s. t o  2VE: l b s .  and fncrensed grouth projection t o  n 
1Of?!Dl l b s .  by 1370 vs. previous statenent fndicatfng 
demand at  56Illl lbs. In the l"S3-30 period. 

. Ue expressed quite a dif ferent  view with 1982 shipnents 
Sf??: of A1;zo's estimates,  and demand thereafter  bef ng 
affected accordfnzly. 

This !Jide zap in nnrket views generated considerable 
discussfon on application and grorrtI.1 projections.  
forecast is  in cxlct ing narkets ,  heavily influenced by 
their  perception of a ?nd supplier inpact t r i t h  r a p i d  
i:rortth a f t e r  1n36. They also f e e l  that hybrids 
(aranid/rayon, e t c )  will have 3 strong Crowtl? inpact. 

AkzO'S 

" t i t  view of current capacity sat is fying denand thru t h i s  
decade vas considered too conserva t i  ve versus Akzo 's  
forecast . 
?inply p u t ,  .Jkzo's position is very o p t i n i s t i c  and not 
hssed on experience or r e a l i s t i c  value-in-use analysis. 
3 1 s  discussion, at  l e a s t ,  presented a sonevhat contrary 
view t o  t h e i r  projectfon. 

. t!ftIt tl.c market discrissfon 3s Sacl:~.round, additional 
har,:aining points vere presenter! by ?uPont a f t e r  
conflmlng that Akzo's o f f e r  vas not sat is factory.  

. The f ollouLng p o i n t s  were descrf?)ed individually to 
detercine acceptance of  the concept rather than dehatfng 
s p e c i f i c  nurhers. 9ur position vas c l e a r  t'iat these ftens 
should be vieved as 3 package - all inportant : 

1 ,  License Curope only as proposed by 'Ikzo, b g t  
questioned Iiov Akzo :~ouLd control secondary or doq.Jnstrean 
finished a r t l c l e s  re: export t o  non-licensed countr ies  
where 3uPont patents erci s t ,  

3. 
s u p p l y  contract .  

FuPont !:auld  upp ply h o t h  prfnary intemedlates  under 

h, Support for  current d u t y  exemptlon - 7:. 
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5. A separate royalty f o r  rubber and specinl  products. 

6. 
under exist ing Akzo ara7id patent ( i . e .  K?IP/CaCl:, 
solvent). Akzo was encouraged t o  include other o f f e r s  
they deem appropriate - n o t  r e s t r k f e d  t o  f ibers.  

License agreenent vould g i v e  DuPont freedon to  operate 

T h i s  package, while d i f f i c u l t  fron h!:zo's viewpoint, Places 
more r e a l i s t i c  value to  CuTont for any ?:evlar l icense. h f t e r  
much discussion ( ! n c ? u d i n z  the point that the package would 
he dif ferent  i f  Akzo a l t e r s  their  market entry t h i n g ) ,  1:r. 
Loudon stated that thls package would be studied and a 
response nfven asap. Bot!? partfes agreed that we should 
q u i c k l y  establ ish  i f  further discussions are Worthwhile 
rather than waste t i n e  on f r u f t l e s s  concepts. 

(72-673). 

. .  . .  
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4 4 7 ,  Du Pont's Henry tes t i l i ed :  

In early 1983, Du Pont received a proposal from AKZO to  
license DuPont's aramid fiber technology, including t h e  
Blades process patent. Du Pont init iated studies to 
determine w h a t  a reasonable price for a license would be. We 
sought to q u a n t i f y  the negative financial impact on DuPont i f  
Akzo entered the U.S. aramid fiber market. A K Z O ' s  i n i t i a l  
Licensing proposal was €or Europe only, so the i n i t i a l  
studies concentrated on t h e  impact on the European market. 
We concluded 
Eu r o pe wou l d  
A K Z O ' S  plant 
content w i t h  
confirmed by 

(CX-36, p, 65).  

that licensing A K 2 0  to  s e l l  aramid fiber i n  
result i n  a sales volume so small relative t o  
capac i ty  that it was unlikely that AKZO would be 
O n l y  a share of the European market. T h i s  was 
A K 2 0 ' s  request for worldwide licenses. 

4 4 8 .  I n  a DuPont memo t i t l e d  'TACTICAL PLAN AKZO MARKET ENTRY-NO 

LICENSE" dated June 2 0 ,  1 9 8 3 ,  DuPont WfOter 

Cb j ec t ive  

:.lininite AKZO's  impact on "Kevlar"  earnings  by preventing 
. - delaying - l imi t iw A K Z O ' s  market entry. 

Litigation 

Agressively pursue active l i t iga t ion .  

- 1J.K, - Press infringement suit  and obtain an 
interlocutory injilnction as quickly as possible, 

- France - Direct l i t igat ion so t!iat an injunction t o  
prevent AKZO sales is i n  place prior t o  AKZO 
comercia1 p l a n t  start-up. 

- Germany - Press for vaLidity r u l i n q  as quickly as 
possible while concarrently pursuinq inErinqement 
suit an3 injunctive r e l i e f .  

I n i t i a t e  a32itional l i t igat ion a g a i n s t  AKZO. 

Belgim - In i t ia te  inEringement suit,  evi:lence now i n  ' . 
hand. 
Italy - AKZO act ive ,  need evidence to  i n i t i a t e  suit.  

Decide on t h e  best approach to protect the U,S0 market 
and take appropr ia tc  action, 
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Initiate infringement su it now. 

Risk 

-- Counter suit on use of !IMP C a C l  -- Patent ruled invalid and U.S. market full o p n  

- 

Benefit 

-0 ReCaces time required for injunction -- Demonstrates our confidence and will to fight 
rJait €or AKZO to become mote active in the U.S.  market 
then initiate infringement suit 

-- Increase tine required to get injunction -- Passive, position could encourage AKZO 
Rene f it 

-- Patent renains in eEfect until challenged, 
Covernnent Interface 

Before any public change in o ~ r  posture an2 position 
opposite AK50,  nake contact with the W t c h  Xinister of 
Economic Affairs, NO?, the U.S. State Department and V I S .  

.Amhassador to ~ollan~l 

- Cover m r  recent neqotiatione. - % p l a i n  our inabiLity to find groands for accommodation. - Stimglate consi+eration of other opportunities with 
nore certain job and financial prospects. 

stimulate research. 

rights. 

-Restate the free world reliance on the patent system to 

-Conchde with our determination to protect our patent 

'-la r k e tplace Posture 

. Take a proactive position with end-users thought to be 
using AKZO product and respond clearly to our custoner 
inquires. 

Provide S C I : . ~ ~  f l i rce  with a sorporate position. 

--Feel AK :!o i,ro-'.act i n f r inges 
--DuPont can mcct the market needs 
--\-:ant to work cooper a t ively 
- - L l i l L  protect Our natent rights 
--Already invo:ve? in litigation 

throuqh the cour t s 
i n  U . K . ,  France, Gerrnany 
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public position - ?!er!ia 

. Following Jppropriate contacts w i t h  A K Z 9  and the various 
governmental aqencies, have corporate management 
art iculate our posi t im in general terms. 

DuPont makes heavy investment in RSD. 
RSD investment made w i t h  tfie expectec? benefits provided 
by the patent system. 
"Kevlar" i s  an example O F  9igh technology development 
in this  atmosphere. 
I f  RSD investment i s  t o  cor,tinue, conpanies l ike  DuPont 
m u s t  be able to  rely on the patent system. 

Public Position - Media (Con't) 

In response to press inquiry and i n  other interviews, i f  
appropriate, DuPont spokeman should make the following 
points : 

- ARZO requested discussion regarding an aramid License. - !:e met with AKZO but no agreement could Se reached. - No further discussions are anticipated. - Our position is anch3ngedr cur patents are strong and 

- Kherever we feel  our p a t e n t s  are beinq infringed, we 
we will defend them. 

w i l l  take a c t i m  to stop the infringement. 

.c 
(RX-646)  

449.  In a nema d a t e d  August 4 , 1 9 8 3 ,  DuPont's lfenry wrote: 

As briefly discussed t h i s  week, I suqqest we get a firm 
date se t  w i t h  Akzo for their  response to our 6/9 meetinq. We 
need to establish i f  there is  a n y  basis for further 
discussinns so we can proceed in a more definite  direction. 
1 suspect they are delaying to  get their t o t a l  project as 
committed 3s possible before reaching a f inal  position w i t h  
DuPont. AS of last  week construction act ivi ty  is s t i l l  
mininal w i t h  only surrport services v i s ib le  (road, fence, 
construction huts, and a few pilinqs) . Construction workers 
were on vacation. 

In the face o f  hue? schedules and t h i s  very important 
issue,  other c i : !  tr, ioudon t o  cstabish a t i n e  seem very 
appropriate. Perh.aps we could qet a date the week o f  9/4; I . 
know you have S O W  vacation plans la te  August as do l,and O u r  

f i r s t  Toray;"Kevlarm j d n t  venture m e t i n g  i s  the week of 
9/12 w h i c h  I w i l l  attend. 

. *  
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450. 3u Font's position a t  t h e  June 1 9 9 3  meeting with Akzo 

o f f i c i a l s  i n  t h e  :letherlands as stated by Akzo i n  a August 16,1983 le t ter  to 

DU Pont was to include the following conditions for any  D u  Pont lease to Enka 

for aramids: 

1) We would have t o  pay "substantially more money", without 
mentioning 'any exact amount. 

2 )  Enka weald g i v e  Du Pont a license under i t s  solvent patent 
(no payment mentioned) 

3 )  Enka would have to buy t h e  raw materials PPD and TDC from 
DdPont as long as i t  has the c a p a c i t y  to  supply them. 

4 )  Enka would have to cooperate i n  keeping EC inport duties 
for aramides low. 

5 )  Any license would be limited to the EC countries and 
switzer land.  

As to these points A k z o ' s  position was as follows: 

1) & 2 )  The 6 2 0 , 0 0 0 , 0 0 0  payment we of€ered previously seems 
quite generous to us. We remain w i l l i n g  to pay that 
amount and.are also w i l l i h g  to l icense our solvent patent a t  a 
payment to be naqotiated an.] off s e t  against ths 5 2 0 , 0 0 0 , 0 0 0 ,  
3) we are building our own PPD and TDC p l a n t s  and cannot agree 
t o  this condition. 
4 )  T h i s  point requires c lar i f i ca t ion ,  
5) This goes far  beyond T; earl ier  o€fer of  compromise, under 
which we would receive a license which wou1:i be limited to 
Europe for the  f i r s t  Eew years, provided that 311 other points 
were satisEactor i ly  resolved. In t h e  present context, after  
c a r e f u l  consideration we believe it i s  essential  that Enka be 
free to s e l l  i n  other areas, incluidng the United States. 
Since Enka, [considering i t s  modest capacity an3 i t s  primary 
interest i n  Europe) obvinusly cannot threaten DuPont's 
doninant 
future, or indeed a t  a n y  time, we do not believe t h a t  this  
would disadavantaqe DuPont. It may, i n  f a c t ,  expand the market 
to the benefit o f  both our companies. 

position i n  the U n i t e d  States for the foreseeable 

Also expected to be i n  commercial production a t  the end Of 
1985. I am sure that you understand that it is isportant to us 
t h a t  our situation is c lar i f ieg  long hefore then. Accordingly, 
we would b happy to continue our negotiations within the 
parameters o u t l i n e d  above as soon as possible. 

IC>(-33) 0 
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451, BY Letters dated September 19, 1983 Du Pont's ?!r. Jefferson 

wrote to Akzo's Loudon: 

My associates and I have reviewed your August 16, 1983 
letter. 
o n  DuPont's European aramid patents differ so nuch, that it 
is unlikely that we can reach a licensing agreement 
acceptable to both parties. 

We interpret that the values which Akzo and we place 

Your original o f f e r  of 20 aillion dollars has not 
changed. Rather, it has diminished by an offset expected 
from 3 cross-license OP patents which do not inpact our 
ability to operate. Further, your interest now extends 
beyond Europe during the lifetime of our patents. 

By contrast, we calculate a large penalty to DuPOnt in 
sharing with a licensee a limited, specialty market during 
the remaininq years of patent coverage. 

i!r. Henry has shared with you the fact that the market i s  
currently h a l f  the size of your apparent planning basis. It 
Seems clear that the completion of  your facility would create 
structural industry overcapacity for many years. 

we simply cannot responsibly legitinatize that 
overcapacity through a license for a consideration which is 
SO dramatically less than your impact on QUZ own investment. 

This is particularly true in Light of our extensive and 
strenqthening patent structure which we will continue to 
defend viqorously. 

Akzo's inability to address in a 2eaningful way the S i n t s  
which Rr. Blair discussed with you in June suggests that the 
gap between 2s nay he too large to bridge. Unless Akzo  
constructs an ofEer which deals adeqsstely with each of o x  
essential points, I do not see how we can proceed further i n  
our 3iscussions. 
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clu Pont's Prosecution Of European Patent Applications 

Kwolek Cutch Applications 

452. In 1971 during the prosecution of DuPont's Kwolek United 

States patent application Serial No. 027,345 which matured into U.S. Patent 

3,671,542 (RX-164)  an affidavit unr?er Rule 132 dated June 11, 1971 of Paul 

Morgan (the first Morgan affidavit) was submitted describing three experiments 

and stating the following conclusions (RX-1397 at 41: 

"T3at based upon the above experiments, other. similar 
experiments and his experience in ttfe fiber art,he has 
conc 1 uded that : 

(11 the anisotropic dopes as claimed in the 
above-identified application provide substantially improved 
as-extruded fibers compared to otherwise similar isotropic 
dopes m d e r  essentially Lhe same extrusion conditions, and 

I21 th is  substantial inprovement is quite surprising and 
is not sinply attributable to the polymer concentration of 
the dope." 

In this first \!organ affidavit, Dr. Xorgan averred that a series of 

.=xceriments were performed under his direct supervision to illustrate the 

as-extruded fiber properties of fibers produced from an anisotropic dope as 

claimel in t5e Kwnlek application and from related isotropic dopes. Dt. 

F!organ further averred that three separate dopes were prepared by adding PPD-T 

having an inherent viscosity o f  3.98 to 300 grams of 99.9% concentrated 

sulfuric acid i n  order to form dopes of 4 1 ,  7% nd 1178 of polymer by ueight. 

. Or. Morgan averred. that t h e  4% and 7k dopes were isotropic and that the 10% 

dopes was anisotropic; and that each of the dopes were anisotropic. Dr, 

Kogrsn avecrer? that each of the dopes was wet spun under identical conjitions; 
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and averred that certain f iber properties were obtained for each dope. 

453 .  Kwolek U.S. Patont No. 3 , 6 7 1 , 5 1 2  issued i n  June 2 ,  1972. 

(RX-164) 

454.  In 1969, DuPont filed i n  the Netherlands two Kwolek patent 

applications tbat were counterparts to KwoLek U.S. patent application Serial  

NO. 735 ,410  f i led June 12# 1 9 6 8  and w h i c h  Later became the U.S. ' 5 4 2  patent. 

The Kwolek D u t c h  co2nterparts are Ser ia l  No. 69,09889 (RX-2106) and Serial  No. 

69,08984 (RX-2107) , w h i c h  contained dif€erent claims (CX-Ll25). fvisseren 

Direct, RX-BA p. 2 ) .  

and were prosecuted by Dr. J.B.J. Kijberg of the firm of  Nederland 

Octorooibureau located i n  The Haque, the Netherlands. The 69.08984 

application was prosecuted before the D u t c h  Patent Office to the point of 

f inal  re ject ion,  whereupon D d P o n t  requested prosecution o€ the  69.08989 

application. Wisseren Direct,  R%-6A, p. 3 )  . 

Both t h e  69.08984 and 69.08989 applications were f i led 

- 455. Subsequent to bhe issuance of  Kwolek U.S. Patent 3,6711542r 

an3 durinr !  the pendency of Dutch applications Serial  Nos. 69.08984 and 

69.0898'1, DuPont f i led an application i n  the United States Patent and 

Trademark Of€ice to reissue U.S. Patent 3,671,542. I n  t b o  Reissue Oath dated 

October 3, 1973 (RX-1398) , '!s. Kwolek averred t5at she vas aware O f  

information relevant to patentability not previously considered by the U.E. 

Patent and Tradeaark O f f i c e  that n i g h t  cause the Examiner to deem the original 

Patent wholly or partly inoperative OK invalid. !lore particularly,l:s. Kwolek 

averred that durinq the prosecution af U.S. application Serial No. 827,345 

(under ly ing  U . S .  Patent ':-. 3,671,942) , certain incomplete data were suppl. ied 

to t h e  U.S. P a t n n t  and Trnt!e..nark OEEice in support of t h e  claims. 
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Specifically, Ns. Kwlek averred with respect to the !!organ affidavit that she 

was "advised by counsel that reliance on the three experiments describe? night 

be deemed to have been error", that 

(a) The three experiments were part of a large group of 
experiments performed by Dr. Cellura at the same time; the 
remainder were not described in the aCfirfavit. Although 
cany bf them do not appear to have been reliable, I am 
advised by counsel that the Examiner might deem that they 
should have been brought to his attention. 

(b) The entire group of experiments is of dubious value 
and does not adequately show the superiority of fibers 
Spun from an isotropic dopes, because the extrusion 
con?itions probably affected the character of some of the 
cfopes being spun, and their resulting fiber properties, 
biasing the results in favor of the isotropic dopes ..* 
The attempt to spin w d e r  essentially the same conditions, 
and the conditions chosen, were such as to favor isotropic 
dopes, in that they required op&ating at the lower ranqe 
of anisotropy, where less than optimum properties are 
obtained." f8x-1398, p. 3). 

456. The Kwolek reissue oath reaffirmed the correctness of the 

conclutians, of the 1971 Morgan affidavit (RX-1398, P O  3): 

"The conclusions reached in Dr. Korqan's affidavit .... 
were then and are now believed to be tzue and COrreCt." 

457. In support of the Kwolek Reissue, DuPont filed affidavits, of 

among others, Or. Celluca and Or, Morgan. The Cellura affidavit (FU-1404) ,  

which was executed October 3, 1978, outlines in some detail the experiments 

that Dr. Cellura performed at the request of Or. Morqan in an attempt to 

demonstrate the alleged unexpected improvement in properkies of fibers spun 

from anisotropic dopes aver those spun from isotropic dopes g n d e r  the Same 

Spinning conditions. Accorr?inq to the Cellura sffidavit, Dr. Cellura 

performed a first set of experiments with dopes made of varying concentrations 

* .. 

of 2.5 inherent viscosity PPD-T i n  100.9% concentrated sulfuric acid. 
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However, t h e  f i r s t  Set of  experiments were "not satisEactory,"  and,Dr. cellura 

was asked to perform a second se t .  The Cellura aff idavit  l i s ts  some 88 

difference data points that his experiments generated a n d  attempts to explain 

how he elirninated most of  the d a t a  points and how he chose the 1 6  d a t a  points 

from w h i c h  Dr. Morgan selected the three d a t a  points used i n  the previously 

described f i r s t  Morgan af f idavit  (RX-1397) f i led in U.S. application Serial  

No. 8 2 7 , 3 2 5 .  Tho conclusion of the Cellura aff idavit  was that " I  believe then 

[when the f i r s t  Norgan aff idavit  was f i l e d ] ,  a n d  I believe now," the 

experiments d i d  not represent a fa ir  showing of t h e  superiority of fihers spun 

from anisotropic dopes over fibers spun Erom isotropic dopes; t h a t  "the t e s t s  

actually favored isotropic dopes,,,  because the conditions required operating 

a t  the lower range of anisotropicity where Eiber properties a r e  not optimum." 

mho :?orgsn affidavit (the "second ?lorgan af f idavit" )  (RX-13991, w h i c h  was also 

executed Cctober 3, 1978, describes generally how the three data points s e t  

forth i n  the f i r s t  >!organ affir3svit (Rx-1397) were selected and s tates  Dr. 

Morgan's be l ie f  that the facts set forth in the Kwolek Reissue Oat5 IRX-1398) 

and the Celluta affidavit (RX-1404)  are true, 

458,  The 1978 :!organ aff idavit  submittec! i n  t h e  Kwolek reissue 

patent applicatim also reaffirmed the premise that anisotropic dopes can be 

used to produce an as-sp2n fiber o f  properties superior to those f ibers 

produced from isotropic dopes and went on the show t h a t :  "In f a c t ,  the 

superiority of fihers as spun from anisotropic does has becone well recoqnized 

in the art." (RX-1399,  pp. 5-7) .  

4 5 9 ,  United States the Patent and ?cadernark Office exanined the 

Kwolek reissue patent application and in October 19i9 found the original ' 5 4 2  
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patent claims patentable for  the following reasons ( C X - 1 1 2 4 ,  p. 2 ) :  

"The references and a f € i d a v i t s  submitted w i t h  the instant 
reissue application by applicant have been considered, and 
claims 1 and 2 are s t i l l  deemed neither anticipated nor 
obvious over the prior a r t .  Although the additional 
experiment records submitted by means of  the 
above-mentioned a f f i d a v i t s  do not a l l  support the 
Conclusions drawn i n  the a f f i d a v i t s  submitted by Dr. Bair 
and Dr. Morgan during the prosecution of application S.N. 
827,345  (which natured into patent N. 3,671,542) ,  it is 
seen that  the overwhelninq weight of  evidence shows 
substantial  inprovement in such as-spun properties as 
t e n s i l e  strength for f ibers  spun from anisotropic dope aS  
compared w i t h  f ibers  spun from isotropic dope. It  seems 
evident that the internal structure of the material 
(whether anisotropic or not) i s  not sole ly  dependent on 
the concentration o €  the polymer i n  the spinning dope, b u t  
i s  a lso  inlluenced by such factors  as the nature o f  the 
solvent and the viscosi ty  o f  the aromatic polyamide. The 
b u l k  of  the evidence submitted c l e a r l y  shows that i t  i s  ' 

essent ia l  that  the spinning dopes be anistropic regardless 
of any other parameters, in octlet t o  in sure the 
improvements in i n i t i a l  modulus, orienta.tion, etc., and 
means t o  deternine the degree of  anisotropy o f  the 
spinning dope are  j i sc losed herein, as on pages 12-15 o f  
the specif ication.  I t  i s  therefore seen that the prior 

application S . V .  8 2 7 , 3 4 5  does not anticipate the herein 
claimed subject matter,  nor does i t  make said subject 
m t t e r  obvious t o  one o f  orOinary s k i l l  i n  the a r t . "  

* a r t  available a t  thertime of  the e f f e c t i v e  date of 

4 6 0 0  9 n  J u n e  1980 the Kwolek  reissue patent application issued as 

Reissue Patent No. 30,352 (Cx-846).  This reissue patent contained t h e  sane 

claims as i s s u e d  i n  the original  Kwolek U.S. Patent No. 3 , 6 7 1 , 5 4 2 .  

461. The record establishes no misconduct by Du Pont in t h e  

prosecution o f  United States Reissue Patent No. 308352 .  (CX-846) 

462. On June 2 8 ,  1 3 7 7 ,  DuPont asked the D u t c h  Patent OfEice to 

postpone proceedings on t h e  6908984  application u n t i l  a f inal  action was taken 
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on 6908989. (CX-1128). At the t i n e  6 9 0 8 9 8 9  was i n  an opposition f i led by 

A k z o  and another. (cx-1128 1 . 
463. On December 1 8 ,  1979, d u r i n g  the pendency of the K w c i e k  

Reissue a p p l i c a t i o n ,  the  Board o f  Appeals of the D u t c h  Patent Office issued an 

Office Action fRX-359) which requested 7- intra a l i a  t h a t  DuPont  sponsor 

independent  tests  t o  be obta ined  by an independent  D u t c h  expect,  TNO, a t  Da 

Pont's expense i n  order t o  establish the a l leged  unexpected super ior i ty  of 

fibers made from anisotropic dopes as opposed to those Jade from isotropic 

does. On January 11, 1980, Dr. Stephens ( D u P o n t ' s  inside counsel) and Dr. 

KLijberg (nuPont's D u t c h  counsel) had a telephone conversation i n  w h i c h  Or. 

Stephens indicated that  D u P o n t  a l ready had some data corresponding t o  some of 

the requested tests. On January 21,  1980, 'Dr. Stephens transmit ted t o  D r .  

K L i j b e r g  a t  l e t ter  fRX-360) and attachments for Dr. Klijberq's use i n  

respon,ding to the Office Action o f  December 18 ,  1979. The attachments 

incl udeA : . .  

1. "he f i r s t  afEidavit of Paul X. alorqan (Rx-1397); 
2. Pages 2-6 ( R X - 1 4 0 3 )  of  the Cellura a f f i d a v i t  f i led i n  the  

prosecution of the Kwolek reissue fRX-1404) ; 
3. A graph prepared by Or. Stephens (part of  RX-14031. 

!Stephens Dep., R X - 4 3 0 0 ,  pp. 292-3121 

4 6 4 .  Dr. Stephens' le t ter  of January 21,  1 9 8 0  fRX-3601, 

specif icaLly refers to the "conclusion" of  t h e  f i r s t  Florqan affic!avit* Dr* 

KlijSerg used Dr. Stephens' letter  d a t e d  January 21,  1 9 8 0 ,  and i t s  

attachments, in t h e  p r e p a r a t i o n  of a response t o  the D u t c h  Office Actlon d a t e d  

December 18, 1979. ( R X - 3 5 9 )  Dr. Klijberq's response filed February 1 0 ,  1 9 8 0  

' included tbe  f i r s t  :Iorgan a f f idavi t ,  paqes 2-6 of the cellura afPidavit a n d  

the Stephens graph. (RX-4000, pp. 3 8 2 - 3 3 1 1  e 
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465. I n  the response filer! February 1 8 ,  1 9 8 0 ,  i n  the Dutch Patent 

Office,  Du Pont indicated t h a t  the already available tes t  data  i n  the f i r s t  

!-!organ 1 9 7 1  aff idavit  and pages 2-6 o f  the 1978 Cellura a f f i d a v i t  were being 

f i led i n  the hope of avoiding the expense of the TNO t e s t s ,  but speci f ica l ly  

expressed Du Pont's willingness to have TNO r u n  t e s t s  i f  the Dutch Patent 

of f ice  s t i l l  considered them necessary (CX-1123, E x h i b i t  2, p. 4 1 . :  

"Should the  above information i n  the opinion o f  your 
Department s t i l l  not be sufficient to inform your Department 
suff iciently for takinq a founded decision, Applicants are 
w i l l i n g  t o  support tests  by TNO along the l ines  suggested 
provided that said experiments w i l l  be performed by experts 
being experienced i n  t h i s  very particular area." 

466. Dr. Stephens admitted t h a t  he had unrestricted access to the 

f i l e s  of the Kwolek U.S. Reissue proceeding, and acknowledged that he Was 

aware of the Kwolek Reissue proceeding a t  the time he prepared h i s  l e t t e r  

dated January 21,1980.  (Stephens Dep., RX-4000, p. 2 8 9 ) .  
I 

467. Dr. Stephens tes t i f i ed  he d i d  not remember whether he saw the 

second Morgan af f idavit  (RX-1390; Stephens Dep., RX-4000, p.  2911, although 

anong the enclosures sent to Klijberg on January 2 1 ,  1 9 8 0  were annexes to the 

second Morgan af f idavits ,  i.e.,  the Sokolova e t  al., Vysokomol, Soed., and 

Alack ar t i c les .  Dr. Stephens test i f ied he d i d  not remember seeing the Kwolek 

oath. (Stephens Dep., RX-4000, p. 3 0 2 ) .  He d i d  indicate that he was aware of 

the complete reissue aff idavit  ( R X - 1 4 0 4 )  o f  Robert P. Cellura, and, 

accordingly, was aware o€ t h e  material in that aff idavit  w h i c h  referred to the 

Kwolek oath and t h e  second Yorgan aff idavit  (RX-1399) , ice., the fact  that the 

Kwolek oath referred to "errors" a n d  Cellura's statement that the tests  he 

Performed d i d  not represent a fa ir  showing of the superiority of  anisotropic 

dopes. (Stephens Dep., RX-4000, pp. 303-3041 

,--. 
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468. In response to DuPont's February 18, 1980 l e t t e r  to  the Dutch 

patent Office,  Akzo in an inter partes opposition attached the incompleteness 

of DuPont's submission o f  just pages 2-6 of the Cellura af f idavit ,  and l a t e r  

i n  a l e t ter  dated October 14, 1 9 8 0  Akzo submitted to t h e  D u t c h  Patent OEfice 

(a) the cornplete.Cellura aff idavit  ( b )  t h e  Kwolek Reissue Oath and (c )  the 

1978 Morgan af f idavit ,  (Cx-1123, E x h i b i t  3, Appendix I1 and exhibit 4 ,  PPo 

4-6). The complete Cellura affidavit had been on f i l e  and available to the 

p u b l i c  i n  t h  U.S. Patent O f f i c e  in DuPont's Kwolek Reissue Patent No. 30,352 

since i t s  f i l i n g  on October 12,  1978. tRx-2036). 

469. I n  i t s  October 1 4 ,  1980 submission to the D u t c h  Patent Office 

Akzo also argued t h a t  the independent expert tes t s  fTNO) were no longer 

necessary because DuPont's t es t  d a t a  i n  the Cellura aff idavit  conformed wit3 

Akzo's own tests .  Akzo asked the  D u t c h  Patent Office , .  to re jec t  DuPont's 

claims not on groands of  fraud b u t  on lack of  patenability. tCX-1128, a t  

470. The D u t c h  Patent Office then rejected t h e  patent claims as not 

being "unobvious" and DuPont d i d  not obtain a Dutch patent on application 

471. The p:osecution o f  DuPont's second Kwolek application 6908984 

was then resumed and that D u t c h  patent application was a lso  rejected by the 

D u t c h  Patent OfEice application department (Cx-1129) and Board of Appeals 

(CX-L130), I n  i t s  f i n a l  decision, the Board of Appeals approved DuPont's 

f i l i n g  of two applicatims w i t h  different c l a i m .  The Board said i n  

translation, "that A p p ; r = z n r s  a r e  free to  f i l e  two or more patent applications. . 

for reasons broaching to t\em." 

. .  . .  . 
fCX-1130, p. 4 ) .  
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Blades West German Counterpart and other Foreign Patents 

472. In connection with DuPont's prosecution of German patent 

application P 22 19 703, which corresponds to the combination of Blades U.S. 

Patents 3,767,756 and 3,869,429, the German Bundespatentgericht questioned 

whether the claim parameter of lateral ctystillite order (LCO) could be 

measured merely by reference the disclosure of the specification of the 

application, Akzo,  in an opposition proceeding, had alleged in its Appeal of 

Allowance of the Blades German application, that DuPont 'grossly violatetedl 

[its] obligation to uncover the truth' with respect to tests that a French 

scientific institute made to determine a value known as *LCO",  which i s  part 

of the Blades patent claim in Germany. (CX-1131, pp. 21-26). 

473. The French institute had determined the LCO values in the 

second Table I11 (RX-2104) of its report in accordance with 'conditions 

stipulated in the French [ B l a d e s ]  patent.* (RX-2104). 

414. In Du Pont's Reply to the Appeal, Du Pont explained that the 

French institute had made the required measurements correctly, but the 

institute had inadvertently had overlooked two instructions in the Blades 
.. 

German application with regard to calculating the required values. The French 

institute following communications with DuPont then ,ran the test and 

calculated values following the instructions in the patent. fCX-1132, pp. 

1 2 - 1 5 ;  RX-2104; RX-2105)- 

475- Notwithstanding Akzo's charges, the German Supreme Court in 

its decision on appeal held that Akzo's challenges to the LCO measurenent did 

not show a lack of substantiation in the decision below (CX-1133, p. 7-81, and 

the Court allowed the German Blades application to issue. KX-1133,  p. 1 2 ) .  
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376. In col. 1, line 65 of Blades '756 as well as in the foreign 

counterparts of that patent, there is a reference to a prior art German 

application, v&, German Offen. 1,810,426 [pertinent portions at R X - 2 1 0 8 1 .  

That application was one of Several Kwolek applications filed in Germany 

during the years'1968 and 1969. One of the applications, v&., German 

Offenlequngsschrift 1,929,694 (RX-2109) filed June 11, 1969 -- which is not 
referred to in the Blades '756 patent and its foreign cograte -- contains the 
same illustrative example as occurs in Kwolek U.S. patent 3,671,542 as Example 

23, part BI which discloses completely the subject matter of the Blades dope 

claim as it occurred in the original U.S. patent application and which still 

occurs in many of the foreign cognates of the Blades '756 patent, includinq 

those in the United Kingdom, Italy and Israel. (Vissersen Direct, RX-6A at 7 ) .  

411. DuPont's U.S. patent attorney,Sol Schwartz, who prosecuted the 

Blades '756 patent, in his response to the Examiner dated February 15, 1973 

during the prosecution of the Mades application which eventuated as the '756 

patent, stated (File Wrapper of U.S.  Serial No. 268,052, RX-2045, P a  2 ,  

Amendment of February 1 5 8  1973): 

The patent to Kwolek discloses a variety of isotropic and 
anisotropic spin dopes of  polyamides in any of a variety Of 
liquid media. Among the media disclosed in Kwolek are amides 
and areas containing specified inorganic salts, concentrated 
sulfuric acid, hydrofluoric acid and certain sulfonic acids. 
In the outstanding Office Action, the Examiner states that 
Examples I ,  2, 23-47, 76 and 80 of Kwolek discloses the spin. 
dope that is used in the instance process. This is not 
Correct. Of the 29 examples to which the Examiner refers, 
only one spin dope meets the requirements of the present 
Claims, namely, Exanple 23,part B. Some of the examples of 
the gtoup selected by the Examiner disclose spin dopes which 
employ hydrogen fluoride (Examples 40-47) or amides (Examples . 
76, and B O )  as solvents as distinguished from the required 
concentrated sulfuric acids. Others in said.group show spin 
dopes with polymer concentrations or inherent viscosities Of 
a combination of such parameters which is far below that 
required i n  the instant claims. Kwolek does not disclose 

' '  
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extrusion o f  any spin dope through a layer of  inert f l u i d  and 
into a coagulating bath. Clearly, the patent to Kwolek does 
not suggest that certain o f  the spin dopes give f ibers of . 
markedly higher as-spun tenacity when prepared f n  the .manner 
presently claimed than when the same spin'dopes are spun as 
described in Kwolek. 

475. Du Pont's attorney with responsibility for h a n d l i n g  Du Pont 

foreign of the ' 756  patent applications was not aware that Kwolek Cxanple 23B 

meets the requirement of any Blades claims. Du Pont's attorney Stephens 

test i f ied a t  his deposition i n  October 1 3 8 4 ,  

"Q. . . . Dr. Stephens, d i d  there come a tine when you 
knew that Example 23B of Kwolek met the requirements of any o f  t h e  
Blades c la ios?  

"A. 
c l a i n , "  (Fa-47, p. 126,  11. 18-22). 

I d o n ' t  t h i n k  i t  meets the requirements of the Blades 

nu Pont and Dutch Governnent 

473. Du Pont conducts business f n  The Netherlands through a Dutch 
4 

subsidiary, kt Pont Kederland. (Clay, RX-501, p. 5). 

4 3 0 .  I>u Pont 1:ederland owns and operates a major chemical conplex 

a t  hrdrecht ,  The t:etlrerlands, which is among Cu Pont's largest investments i n  

Europe. ( t la tkins ,  RX-540,  p. 14). The Dordrecht works is "central to bo 

Pont's position in Europe, tliddle East and Africa." (fd.) 
4111. The Dordrecht works have been i n  operation for approxinately 

25 years. I n  the early 138r)'s, Du Pont embarked on a 

million investment progran to expand the Dordrecht f a c i l i t i e s ,  and was 

( K a t  25). 

accordingly greatly concerned that nothing occur which would ham i t s  

, excellent relations w f t h  the Dutch Government. (k, pp. 10-12, 14-17, 5 - 2 6 ,  

141-65; Jefferson, !?X-513, pp. 77-78; Blair ,  RX-528, p. 55 ;  Henry, CX-331, Po 

25) .  
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4932. Du Pont ' 6  Dordrecht investment program has proceeded "exactly 

on schedule." (IJatkins, PX-540, p, 1 3 ) .  Additional expansion plana were 

announced i n  March 1984 and are now underway. (Henry, CX-391, p. 25) .  

483. Because of  i t s  longstanding, s t r a t e g i c  investments i n  The 

ITetherlands, Du Pont  executives have communicated frequently w i t h  the Dutch 

Covernnent and i t s  M i n i s t r y  of Economic Affairs  -over a long period of time" 

ragardfng matters of concern t o  the parties .  (Clay, RX-501, p. 3 3 ) .  

4.34. In the late 1979's, Du Pont learned that  Akzo had opened 

communications w i t h  the D u t c h  Ministry of Economic Affairs  f o r  the purpose of 

persuading the Government o f  The Ketherlands to  invest i n ,  subsidize or 

provide other f inancial  support t o  Akzo's contemplated aramid f iber  venture. 

(RX-13C9, p. S000333; RX-1312, p. R10OO03-04). 

4F5. On January 23 ,  1979 Du Pont representatives met w i t h  a Dutch 

government delegation from the Pl inis try  o f  Economic Affairs  i n  the Hague. bu 

Pont made a persentation ahout "?:evlar" and explained Du Pant's patent 

position a n d  the properties o f  5kzo's brenka f iber  as they r e l a t e  t o  Du Pont's 

patent position. Th Pont c r i t h  respect t o  cash comnitments stated:  

Cash Con3itments 

Since our first distribution o f  sanples from semi-works i n  
1?71 the cunulacive research, engineering and narketing 
costs, and c a p i t l  outlays well i n  excess of $~vRP:. 
not prof i table  and losses  w i l l  continue f o r  several years,  
';he t o t a l  cash draw dorm including operative losses and 
c a p i t a l  expenditures by l?X2 t i i l l  be i n  excess of $600ML 

Ile are 

This l e v e l  of resource a l locat ion f o r  a f i b e r s  business 
tota l ing 2n!! tons r e f l e c t s  both the high capita l  cost Of 
aramid technology and t h e  expensive and long developnent 
program leading to prof i table  operations. 
conaftment to "Kevlnr" rspresents the largest  resource 
a l locat ion to a new product i n  n u  ?ont experience. 
he apparent chat we approach the "Kevlar" business w i t h  a 
long-range view. This long-term view i s  %ased on: 

The cash 

r--.. 
ft should 

- 
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. A worldwide market approach 

Econonies of s c a l e  consistent w i t h  
a low volume market. 

. A strong patent position and determination 
t o  defend that position. 

(RX-1312, p. 5100013). 

48C. It was represented by D u  Pont that a t  the January 23, 1975 

meeting the Dutch Government made the point that i t  cannot take Sides in 8 

patent dfspute between private,conpanies,  but that i t  d i d  not want to  

embarrass the government by providing support t o  an enterprise which would 

lose i n  a patent dfspute and be subject  t o  injunctions. ( R X - 1 3 1 2 , ~ .  31W004). 

4 8 7 .  According to  a nu Pont memorandum concerning the meeting 

between Du P o n t  and Dutch government officials on January 2 3 , 1 ? 7 9 ,  the 

following occured: 

(a) a d i s c u s s i o n  that Du.?ont's "present capacity" would he 
adequate t o  supply the "specialty,  h i g h  technolOgY 
applications t hrouati the b id-l%80's (PX-1312, p. G l O O O O 9  ) and 
the additional projected denam! for lower-value uses that were 
then foreseen ( i d .  - at ninnqiq). 

(b) Pu Pont's attorney !!oes described the Dutch patent 
proceedings then pending, and stated that "we expect [one o f  
several pendin,: patent cases1 t o  be granted i n  about one 
year." ( I d ,  - a t  f l n 0 r ) l t ) .  

( c >  Iir. Iloes also described tests performed by Du Pont showing 
that Arenka f i b e r  samples concafned IIKPA, 
?100@17-l3). (Sanples, of Arenlia f i b e r  iiad been obtained and 
tested hoth in 1977 and 1979. (CX-544 ,  CX-555). Two weeks 
before the neetfng rrltIr t?re h t c h  Covernnent, Ilr. l!oes had 
received a nenorandue! sunmrizing the t e s t s ,  w h i c h  stated t h a t  
the presence of phosphorus indfcated use of XPA. (CX-S4S, p. 

( & a t  

3) 

( d )  Hr. Hoes said t h a t  Pu Pont's exist ing P u t c h  patent would 
cover aronatic  polynnides, .whether' nade with i21?h or IRIP, to  
wliich i t  vas t!iouEht that Akzo might change. (PX-1312, p. 
810nnl:). 

. .  
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4 3 8 .  TextLle Fihers management reported t o  I)u Pont's Executive 

Connittee i n  Hay 1330: 

Separate from t h i s  p r o j e c t ,  we are  making an a l t e r n a t e  
s t u d y  t o  deternine if we should i n s t a l l  sone "!:evlar" 
capacity i n  Europe, where we forecast  about one t h i r d  o f  our 
shipments. A E O  has made t h e  p o i n t  t o  some o f  O U T  custoaers 
and to  government authori t ies  that a s t r a t e g i c  n a t e r i a l  such 
as this  should n o t  be dependent on a foreign supply. The 
lack of Kevlor production capabi l i ty  i n  the cormon market 
area could result  i n  mandatory l icensing of "Kevlar" there. 
I n  a second neetine w i t h  the P u t c h  Government, they expressed 
a posi t ive  i n t e r e s t  i n  the p o s s i b i l i t y  t o  our i n s t a l l i n g  
capacity a t  nordrecht . 

Therefore, we are s t u d y i n g  cases that would ins ta l l  about 
15EUl l b s .  of the added capacity of t h i s  project  a t  e i t h e r  
Dorrlrecht or ilaydom i n  !!orthern Ireland. 
would be produced a t  Spruance for hoth here and Europe. 

All d r y  polyaer 

"he added project  c o s t s  would be i n  the range of 
t o  i n s t a l l  solution prep,  one sginning machine and associated 
f a c i l i t i e s  at  Europe. 

This Spruance expansion project would be credited $15!31 
w i t h  the deletion of one of the two s p i n n i n g  nachinee- 

This would resul t  i n  an increase of project  expenditures 
i n  the 
increased. 

range, 6 i t h  nanufacturing costs  only s l i g h t l y  

Investnent and cost  advnn tages favor Haydown. "Kevlar" 
capacity at  Ilaydom would help r e l i e v e  the possible Orlon 
f a c i l i t y  shuttloon s i t u a t f o n .  Yarketing inpl icat ions  that 
r e s u l t  fror! these two locatlons are  under study. 

ff we conclude that we should proceed with a European 
plan, we w i l l  i n i t i a t e  project act ion i n  early 1 W l  t o  
i n s t a l l  one spinning machine i n  rutope f o r  start-up about 
year a f t e r  the start-up of  the first s p i n n i n g  machine at 
Spruance. 

(RX-636, pp. 0016n3-1604). 

433. A Du Pont meno orfgfnating from i t s  headquarters i n  Geneva, 

Switzerland comnent ed on a meet f ng on "Tkvlar" with n u t c h  Mnf s t  ry of' EConoQ~~C 

a f f a i r s  on August 5 ,  1320. It vas said that the purpose o f  the meeting was t o  
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i n f o r m  t h e  E u t c h  government that  Du Pont  is p l a n n i n g  t o  b u i l d  a " K e v l a r "  

s p i n n i n g  p l a n t  i n  Europe and t o  d e t e r m i n e  l e v e l  of  i n t e r e s t  and support that 

c o u l d  be  e x p e c t e d  from t h e  Dutch a u t h o r i t i e s .  

memo was t h a t  ' [ t l a k e n  t o g e t h e r  w i t h  u n c l e a r  p a t e n t  s i t u a t i o n ,  t h i s  n e e t i n g  

p o i n t s  s t r o n g l y  a g a i n s t  a ' K e v l a r '  p l a n t  i n  Hol land"  (RX-1322). P r e s e n t  a t  

t h e  m e e t i n g  for 'Du Pont  were J. Donker Duyvis ,  A. C o o z e n d a a l ,  11. S c h r f b e r  and 

J. R u f i n o  (RX-1362). 

A ' p o i n t  i n  t h e  summary of t h e  

430 .  Valter B. f k t k i n s ,  a V f c e  P r e s i d e n t  of Du Pont testified i n  

d e p o s i t i o n  t h a t  from t h e  end of 1379 through 1902 h e  was C h a i m a n  of Du Pont 

I n t e r n a t i o n a l  S.A. (DTSA) h e a d q u a r t e r e d  i n  Geneva w i t h  r e s p o n s i b i l t y  f o r  nu 

Pont  o p e r a t i o n s  i n  Europe ,  l l i d d l e  East and Africa. 

no " s e r v i c e s  c o n s i d e r a t i o n "  t o  h i s  knovledge  was g f v e n  d u r i n g  the p e r i o d  of 

time he  was Chairman of DlSA t o  t h e  i n s t a l l a t i o n  o f  s p i n n i n g  c a p a c f t y  n o r  wag 

there a n y  c o n s i d e r a t i o n  g l v e n  t o  t h e  m a n u f a c t u r e  of PPD, t h e  i n t e r m e d i a t e  f o r  

"Kevlar" .  ( ! l a tk ins  Dep. , pp. 23-29). 

He f u r t h e r  t e s t f f f e d  t h a t  

* 

431.  A h Pont meno80f F e b r u a r y  21, 1?30 o r i g i n a t i n g  from Geneva 

S w i t z e r l a n d  i n  c o n n e c t i o n  w i t h  " rnves tment  i n c e n t i v e s  - D o r d r e c h t "  stated t h a t  

1 J . B .  Watkins  s u g g e s t e d  t h a t  a h i g h  l e v e l  m e e t i n g  b e  h e l d  w i t h  Dutch government  

o f f i c i a l s  t o  stress Pu Pont 's  desire t o  i n v e s t  i n  t h e  1 :e ther lands  and t h a t  

t h i s  i n v e s t n e n t  would he at D o t d r e c h t  w i t h  " K e v l a r "  p r o d u c t i o n  by 86/87. 

( RX-1325) 

432. Du Pont ' s  'rIenry t e s t i f i e d  at  t h e  h e a r i n g  that Du F o n t  p l a n s  t o  

c o n s t r u c t  " K e v l a r "  s p i n n i n g  and f f n f s h i n g  fac i l i t i es  i n  Haydown, ?!orthern 

T r e l a n d ;  t h a t  a p p r o v a l  o f  e h l s  plan by nu P o n t ' s  C x e c u t i v e  C o n n i t t e e  is 

e x p e c t e d  by mid-1985 and t h a t  the f a c i l i t i e s  are expected t o  h e c a u s e .  

o p e r a t i o n a l  sonet ine i n  1037. 

. 

. .  . .  
i 

Xenry  test i  f f ed t h a t  o n c e  o p e r a t i o n e l ,  t h e  
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Haydorm f a c i l i t i e s  w i l l  have the capacity t o  produce between mf l l l o n  

pounds o f  "Revlar" and i t s  r a t e  o f  production w i l l  be expandable to mill ion 

pounds. (Henry, CX-331, p.  8 ;  IIenry T r ; ,  pp. 1315, 1322). 

433. Akzo Loudon's l e t t e r  t o  the D u t c h  l l in is try  of  Economic Affairs 

dated Clctober 31, 1930 stated: 

I n  connection w i t h  our phone c a l l  of  l a s t  week I hereby 
c o n f i m  our request t o  suspend handling of the Arenka pro ject  
for  a certa in  time period. 

A c l e a r  deterioration i n  the course o f  a f f a i r s  i n  a nuuber 
of sectors  of  the synthetic f i b e r  i n d u s t r y  began t o  show 
themselves i n  the second quarter of this year. 
t h i s  developnent i t  i s  necessary that we further  consider the 
consequences of t h i s  f o r  out group before taking a f i n a l  
decision t o  pass on to  the real izat ion of  the Arenka project .  

In l i g h t  of 

We w i l l  keep you fnforned of further developments and 
expect t o  ge t  back to  you before tge end of t h i s  year. 

(CX-564'). 

that:  

434. A Du Pant August 14, 1981 "Kevlar" aramid update memo stated 
-a 

- 

Our nost act ive  potential. in-kind competitor has been 
AI'JLO. 
for the manufacting polymer and f i b e r s  nearly ident ical  t o  
"Kevlar". I{owever, i n  ear ly  1751, the pro ject  was delayed 
indef inl te ly  due to lack of  funds as a result of losses  
sustained hy Alczo's flbers business and unsuccessful attempts 
t o  ohtain government grants. We have reviewed t h e i r  
application for government permits t o  b u i l d  these plants. 
AfJO's process i s  conceptually s imilar  t o  ours, but there are 
sone differences i n  technology, For example, they planned t o  
use b a t c h  polymerization and also a solution preparation 
system f o r  each spinning machine. 
differences would r e s u l t .  in nanuf acturing costs  significantly 
higher than that of "1:evlar". 

I n  mid-1739 they announced plans t o  construct p l a n t s  

We believe these 

(RX-603, p. 000194). 
. .  . 
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495. Du Pont continued t o  have periodic contacts  w i t h  the Dutch 

Covernnent during the period 1352-84, and used the occasion of those contacts 

t o  express i t s  concerns that Government support of Akzo's aramid venture would 

involve the Dutch Government i n  patent infringements and adversely affect  i t s  

relations w i t h  Du Pont. 

. .  

496. On Hatch I ,  1982,  three Du Pont executives (Mr. Ilatkins of Du 

Pont Internat ional ,  lir. Cardinal of the Text i le  Fibers Department i n  

Irilmington, and llr. Donker Duyvis of Du pont  Kederland) met w i t h  Plr. Lelfveld 

(Director Ceneral for Industry o f  the Dutch Elinistry of Economic Affairs) and 

two of his colleagues. (PX-1313). According t o  a :.larch 9, 1982.  Du Pont 

memo, the purpose o f ' t h e  v i s i t  was t o  discuss two key s u b j e c t s :  

expansion programs and the T e v l a r "  situation. 

the question how can Pu Pont avoid a decision w i l l  be taken in favor of the 

"Arenlca" p r o j e c t ,  a Covernnent o f f i c i a l  answered. "1. 

2. 

zurope" (PX-1318). 

themear term 

When Du ppont ' 8  Uatkins r e i  sed 

Accept the ' co l l i s ion '  b 

S t a r t  t a l k s  w i t h  Akzo (a.0. -on licensing). 3. 3 u i l d  on our P l a n t  in 

A I?u Pont  FLbtuary 2 4 ,  1332 meno stated an object ive  of 

the v i s i t  to  the Dutch  Covernment was to deter  f u n d i n g  o f  Akzo'S "Aranka" 

Plant hy the Dutch government by presenting f a c t s  on Du Pont's persent postion 

and future expectations i n  the market-for aramid and by q u i e t l y  conmunicatlnS 

nu Pont's deteminntion to defend O U T  patent position. (PX-672)- 

437. A t  the :!arch 4 ,  1382 neeting with h t c h  government o f f i c i a l s  

Du Pont's :Ir. llatkins used the expression " c o l l i s i o n  course". 

the expression as follows: 

He explained 

\Jell,  I guess I generated that  expression. We had a long 
and autually-beneficial history of  Pu P o n t ' s  presence in 
Holland, mutually beneficfnl w f t h  the Dutch Covernment. Ile 
have been a t  Cordreclit now f o r  sonetbing around 25 years.  
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I mentioned t o  you e a r l i e r  the inportance, w h l c h  I am sure 
as a businessman you LJOUld appreciate,  the importance o f  
harnonfous relatfonships w i t h  the government of the country 
i n  w h i c h  you are located. [le are  so very dependent on any 
country f o r  grants a n d  perni ts ,  and sinply permission t o  
continue t o  operate. A n d  we value t h i s  very, very h i g h l y .  

The reports w h i c h  we received had indicated t h a t  AkzO was 
considering the construction of a plant t o  produce Aranid 
f i b e r  i n  Holland, and t h e  reports which we had received 
through trade inte l l igence  lndicated that they had not been 
able  t o  obtain a private investor to  the extent i t  was 
needed, and that serfous consideration was being given b y  the 
Dutch Government t o  supporting f inancial ly  this  private 
enterprise.  

We found ourselves; therefore, faced w i t h  the 
uncomfortable position of  havfng a relationshp, a proper 
relationship between a private enterprf se and a Government 
being s h i f t e d ,  s u c h  that we would now, as a private 
enterprise ,  be conpetinp, with a conpany w h i c h  was not just  a 
private enterprise,  but was private enterprise p l u s  the 
Covernnent, that ue looked to  f o r  our pennits and our grants 
and our continufng l i f e  flow, i f  you w i l l .  

And we envisioned that as our dispute w i t h  Akzo and their  
stockholder, D u t c h  Government, became more intense,  a8 we 
defended o u r  patents,  that we uould f i n d  ourselves now on a 
c o l l i s i o n  course between our allegiance as a private 
entrepreneur w i t h  the Covernnent and a relationship of the 
Government as  a stockhol'der hnd ovner, a substant ia l ,  naybe 
even majority owner, In a Susfness w i t h  w h i c h  we had conflfct.  

And we viewed t h i s  as ,  indeed, a c o l l i s i o n  course. W 
were gravely concerned t!,at as that confrontation 
i n t e n s f f f e d ,  we would find t!ie Covernnent then who was torn 
between i t s  foyalty t o  use as an entrepeneur and private 
c i t i z e n  and i t s  al legiance a s  a stockholder t o  our competitor- 

It was not your object ive  i n  using the term " c o l l i s i o n  
course" to  attenpt t o  persuade t h e  Dutch Governnent not t o  
support the Akzo Aranid f i b e r  p r o j e c t ?  

A.  Ilo, it wasn't. I just described t o  you as best 1 know 
how what our def ini t ion of  " c o l l i s i o n  course" v a s .  

(Uatkins, RX-540,  pp. 25-'1. 
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495. I n  A p r i l  1?!382, t v o  s t a f f  members of the F u t c h  I U n i s t r y  of 

Economic Affairs v i s f t e d  hr Pont i n  Wilnfngton.  Ilr. Corbin,  market ing  nanager 

i n  mt Pont 's  T e x t i l e  Fibers Department shared  vith t h e  Dutch Du Pont ' s  a c t u a l  

f o r e c a s t s  for  "Kevlar"  p r i c e s  and sales through t h e  end of t h e  decade. 

(Corbin Pep., RX-502; pp. 146-47) .  

who accompanied t h a t  Dutch government of f ic ia ls  concluded from the meeting 

that the Dutch government i s  d e f i n i t e l y  not e n t h u s i a s t i c  about spending 

government money "Arenka" and that "Arenka should better not c o a e  Yet" 

(RX-1313, Rx-1315). 

Du Pont ' r  D r y v i s  from Geneva S w i t z e r l a n d  

493. hkzo communicated t o  KO11 ( ( l !oorde l i jke  Ont iwik ,  

K e l i n g i n a a t s c h a p p j  Nortbetn  Development Company)) i t s  renewed interest i n  the 

aramid p r o j e c t  "around t h e  m i d d l e  o f  1932." (Wiseman, cx -652 ,  p. 35). After 

a meetipg anong AktO, t h e  l l f n i s t r y  o f  Economic Affairs and NoTi on Ju ly  I4b 

1n22, NCN s e n t  Akzo a telex on July 15, 1 9 8 2 ,  s e t t i n g  f o r t h  a l l  t h e  p r i n c i p a l  

terns of Enka-IPK p a r t n e r s h i p .  -(CX-f72; Uismnn, Tr. p. 2574).  
* 

590. The : ! i n i s t r y  of Lconomfc Affairs " i n s i s t e d  on having (Akto's]  

answer on F r i d a y ,  16 J u l y , "  the n e x t  day,  (CX-33). On Ju ly  20, 1982, the 

Dutch llinister .of Economic Affairs i s s u e d  a p u b l i c  s t a t e m e n t  announcing t h e  

agreement and the comaitnent o f  the Government and "31 t o  support  and 

participate I n  c o n s t r u c t i o n  of Akzo.8 a r e n i d  fiber plants i n  The r l e t h e r l a n d s ,  

(CX-250) 

501. f n  J u l y  1382, t h e  Dutch llinister of Economic Affairs (Nr. 

Terlouw) reached a decision to p r o v i d e  h a l f  of  t h e  c a p i t a l  r e q u i r e d  by A U O  t o  

b u i l d  an ll.kM annual  pound (expandable t o  221U.l) atanid f i b e r  p l a n t  and a 

n a t c h i n g  i n g r e d i e n t s  p l a n t .  This.rras sajd to create 400 t rorkplaces ,  about . , 

L equally s p l i t  between i n g r e d i e n t s  an6  f f b e r  product ion .  i o t a 1  i n v e s t n e n t  is 
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about  . The ! b r t h e r n  development Co. (a r e g i o n a l  agency funded 

p r i n c i p a l l y  by the f e d e r a l  government) i s  a 509: e q u i t y  p a r t n e r  o f  AKZO i n  t h i s  

venture .  S t a r t u p  was o r i g i n a l l y  r e p o r t e d  t o  be 1935 b u t  some recent r e p o r t s  

sugges ted  p o s s i b l e  s l i d i n g  i n t o  1986, C o n s t r u c t i o n  i s  r e p o r t e d l y  i n  t h e  very  

e a r l y  stages. (RX-702). 

502. A l e t t e r  d a t e d  December 3 , 1 9 5 2  by Du P o n t ' s  llatkfns t o  

M i n i s t e r  van Ardenne s tated i n  par t :  

Over t h e  y e a r s ,  Mr. J. Donker Duyvis ,  Ifanaging D i r e c t o r  o f  
Du Pont (Ceder land) ,  and I have worked w i t h  llr, L e l i v e l d  and 
his s t a f f  t o  encourage  the growth of Cu Pont i n v e s t m e n t s  i n  
manufac tur ing  f a c i l i t i e s  i n  Holland. 
appreciated t h i s  working r e l a t i o n s h i p  and t h e  h e l p  Mr. 
L e l i v e l d  and h i s  s ta f f  have provided i n  f a c i l i t a t i n g  o u r  
inves tments .  IJe feel  t h e s e  j o i n t  efforts have proven t o  be  
o f  mutual  b e n e f i t  t o  the economy and people o f  l io l land and t o  
l?u Pont. 

We have v e r y  much 

T h e r e  i s  one r e c e n t  d e v e l o p n e n t ,  however, that remains o f  
c o n c e r n  t o  u s ;  and w i t h  t h e  change i n  a d m i n i s t r a t i o n  i n  The 
N e t h e r l a n d s ,  we thought  i t  important  t o  restate o u r  p o s i t i o n  
i n  the matter so there would be no f u t u r e  misunders tanding .  
The c o n c e r n  i n v o l v e s  the decision las t  J u l y  by n a t i o n a l  and 
L o c a l  eovernnent  i n  Hollknd t o  support  the AKZO "Arenka" 
f iber project f o r  the n o r t h  .of l Io l land through WIR and I P R  
premiums, l o a n  f a c i l i t i e s  and 1;01!'s p a r t i c i p a t i o n  i n  the 
share capita l  o f  the "Arenka" j o i n t  venture .  

"he purpose o f  t h i s  l e t t e r  i s  two-fold. F i r s t ,  we f i n d  i t  
hard to understand t h e  basis f o r  t h e  g r a n t i n g  o f  t h e s e  
s u p p o r t s  and ?!ON'S e q u i t y  p a r t i c i p a t i o n .  
"Arenka" p r o j e c t  would appear  not  o n l y  t o  i n v o l v e  
in f r ingement  o f  our  p a t e n t s  i n  numerous c o u n t r i e s  throughout  
the  wor ld ,  but a l s o  t o  be e c o n o m i c a l l y  u n a t t r a c t i v e  since 
there does not appear  t o  be s u f f i c i e n t  denand f o r  t h i s  h i g h  
p e r f o m a n c e  f i b e r  product  dur ing  the 1389's t o  s u s t a i n  our 
r e c e n t l y  expanded p l a n t  and the one  contemplated  by AKZO. 

I n  e s s e n c e , t h e  

S e c o n d l y ,  we want t o  c a l l  your a t t e n t i o n  t o  our  firm 
p o s i t i o n  and t o  the p o s s i b l e  consequences  t h a t  nay o c c u r  as a 
r e s u l t  of  a c t i o n s  we w i l l  be f o r c e d  t o  take i n  t h e  
advancement o f  our p o s i t i o n .  

i. 
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W i t h  respect to  the patent conflict,  we believe AltZO'r 
'Areada' fiber infringer our baric patents on "Krvlar'. 
There i 8  no dispute that Du Pont war the f i r s t  to develop 
thir type of aralnid fiberr in the mid-1960'r. 
and improvemeat patents irrued i n  32 countrier, includiag 
a l l  major markete w i t h  the exception of Holland. 
already taken legal action for  patent infringement againrt 
AKZO i n  the U0K.D Prance, and Germany. 

We have baric , 

We have 

I n  addition, our world-vide patent protection for "Kevlar" 
aramid f iber was f u r t h e r  rtrengthened recently by the  
decirion of the German Federal Patent Court to irrue one of 
our key patents covering Kevlar product. We believe this 
decieion i e  particularly rignificant becaure of the court 
that rendered the decision, the commercial importance Of 
Germany and the fact that the decision war taken i n  the face 
of vigorour oppoeition from AK20. The Geman patent 
examining procedure is  recognized as oae of the mort tborough 
i n  the world. 

Although 'Kevlar' aramid fiberr are a key advance i n  the 
rtate of the art for h i g h  performance fiberr, w beliew the 
market growth har some c r i t i c a l  l iaitationr. 
t rebled our production f a c i l i t i r r  to have the capability of 
producing million pouadr per year, expandable to over 
million pounds per year. 
additional capacity will ratirfy the catire wrld'8 need for  
ouch aramid fibers through t h e  1980'8. 
experienced keen competttion from alternate high performance 
fibers (rteel  wire, fiberglarr, and carbon fiber) already in  
commercial production by many producer8 throughout the 
world. 
aramid fiber market. 

We recently 

Our forrcart ir that thi8  

We further bw 

They act ar a l imi t ing  factor on the gro-h of the 

In the invention and development of aramid fiberr, the Du 
Pont Company has already invested over S O  million dollar@. 
Accordingly, we must and w i l l  take a l l  legal and camercial 
steps deemed necessary t o  protect our invertmelot and property 
r i g h t s .  We realize that the defenre of our property r igbtr  
may bring economic harm to t h e  participant8 i n  t h e  "kenka" 
project. 

We are concerned that t h i r  a c t i v i t y  vi11 affect our 
rclationrhip w i t h  your government becaure while we are f i l i n g  
laweuite around the world to enjoin the eale of "Areaka" 
fiber we at the same time desire to work closely w i t h  your 
Ministry fa encouraging Du Pont investments i n  Holland. 
Although ve feel uncomfortable w l t h  this potential future 
conflict, we have no alternative but to defend our porition 
t o  the fuilest extent. 

. 

( RX-625) 
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593. A Pu Pont memo dated January 3 1 ,  1383 stated: 

The Dutch election i n  Yovenber 1302 resulted i n  a ngw 
Kinister (Mr. van Ardenne), t o  whom we have addressed a 
request for reconsideration. 
Elinistry o f f i c ia l s , they  have expressed their  discomfort v i t h  
being caught i n  the middle and have urged Du Pont to f i n d  an 
accommodation w i t h  AKZO. \:e have repeatedly indicated t h a t ,  
we had no interest  i n  licensing our patents. 

I n  our past discussions w i t h  

5 0 4 .  On Hatch 4 ,  1733, Akzo and HOP1 entered into the definitive 

agreements establfshlng t h e  Aramf partnership. (RX-1809, 1310). The 

agreements embodied, although i n  somewhat greater d e t a i l ,  the provisions of 

the agreeclent i n  prihciple of June 1332 (CX-572). 

also approved the construction contracts f o r  the Arani plants on )larch 4, 

Arami's Board of Directors 

1933. (Zempelfn, CX-657, pp. 35-37). Physical construction a c t i v i t i e s  

promptly began i n  A p r i l  or !lay 1983. (Ilisman, Tr.  , p. 2556). 

SO5. A l e t t e r  dated September 2 8 ,  1933 by Du Pont's W. Robert Clap, 

Hatkin's successor as bISA Chaihan in Geveva Switzerland (RX-501, p. 2) to  

Minister van Ardenne stated i n  part: 

We met with !lr. Leliveld on !larch 2 ,  1383 as you suggested 
and ourlined the growing evidence that the Dutch decision to  
proceed was based on premises which time was demonstrating t o  
be inconsistent with the facts .  
inequlty of the government participating i n  the violation of  
our property r i g h t  8 .  

Emphasis was placed on the 

* * * * 
Since we l a s t  corresponded, two fac ts  have energed which 
seriously.undermine the premise upon which the Dutch arauid 
venture is based. 

1, Market Size I Crowth Rate 

Cased on statement of Akzo nanagenent, i t  appears that 
they have estimated the 1932  market size to be twice 
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the actual. Further, i n  order for the market to  reach 
Akzo's estinnte for 1930, the growth rate between now 
and then must average 30% per year for eight years. . 
T h i s  i s  unlikely and leads us to conclude that.bkz0 
and the Dutch government have based venture decision 
on a misconception.of market s ize  and growth rates.  

Based on the t r e n d  of actual growth rates over the 
l a s t  eight years, with which we have direct 
experience, the projected market i n  1930 w i l l  result 
i n  an industry operating rate i n  the range of 50 to  
67%, if the D u t c h  f a c i l i t y  were to  be b u i l t .  A t  these 
operating rates ,  heavy losses of money, and workplace 
instabf li ty would be a certainty. 

\le are a l l  well aware o f  the enormous losses of  the 
European f iber  industry where structual overcapacity 
resulted from poor investment decisions based on 
exaggerated forecast market s ize  and growth rates.  
A l l  parties should seek to avoid creating a similar 
s i t u a t i o n  i n  the case o f  aramids. 

2.  Patent V a l i d i t y  

Akzo have consistently naintained that Du Pont's 
aramid inventions were anticipated by the prior art  
and, therefore, patents were not a significant issue. 
Over the last  several years, Du Pont has repeatedly 
reviewed our patent estate for your s t a f f  and 
cautioned that o5r patent estate  was strong and 
improvi ng . 
The Cernan patent o f f i ce  and Supreme Court have now 
joined Japan, t h e  Cnited States and 30 other countries 
In disagreeing w i t h  the Akzo premise. 
Japan are widely recognized as having very strenuous 
opposition procedures. Du Font basic patents have now 
issued i n  both countries despite vigorous opposition. 

Germany and 

Steadily legal opinion is being supplanted by b i n d i n g  
decisions. Ne have not yet lost  on opposition 
proceeding outside the Ketherlands. Even i f  we should 
lose an occasional case i n  the future, we s t i l l  have 
basic patent protection i n  33 countries. 

Infringement suits  ore underway i n  the U . K . ,  France 
and Germany. lie w i l l  continue to f i l e  suit where 
fnfringenent i s  found. 



Since receiving your January 1 3 , 1 9 3  l e t t e r  we have 
sought an avenue of r e l i e f  w i t h  your s t a f f  and worked 
d i l i g e n t l y  t o  provide Akzo management w i t h  the 
s p e c i f i c  elements w h i c h  any reasonahle o f f e r  must 
address. Akzo's o f f e r  of  August 1 6 ,  1333 1s l e s s  
acceptable than we understood t h e i r  o f f e r  t o  be on 
February 7, 1353. 
does not seem t o  be any prospect for progress. 

Du Pont f i n d s  i t  extrenely d i s t u r b i n g  t h a t ,  while we 
are  making large investments and establishing h i g h  
quality workplaces i n  Holland i n  h i g h  technologY 
businesses, we face coopetition that i s  ignoring our 
property r i g h t s  and attempting to  deny US the rewards 
of our innovation i n  aramid f i b e r s .  The involvement 
of the D u t c h  government, o r  i t s  agencies,  in t h i s  
s i tuatlon makes i t  a l l  the more disturbing. 

IJe have made no progress and there 

This matter has been reviewed w i t h  Corporate management, and 
they strongly support my decision t o  write t o  you and convey 
our urgent sense of concern, and t o  respectually request that  
we meet at  your e a r l i e s t  convenience t o  discuss t h i s  issue 
w i t h  you. 

Sot. A memo dated Oct. 20, 1933 
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507.  A meeting was held between the Dutch Government and Du Pont on 

January 5,1984. A Du Pont memo to the f i l e  on the meeting stated i n  part .  

R.J. Blair  thanked the Minister for  taking time for this  
meeting and continued vith a statement of Du Pont's intense 
concern. He emphasized Du Pont'e derire to maintain a good 
relationship w i t h  t h e  Dutch Government, 
opinion, however, the issue a t  hand i s  not merely 8 dispute 
bctveen two companies. 
involved because they provided t h e  funds for  50% of the share 
capital of the new venture. 

There are two baric irsues: 

In Du Pont'r 

The Dutch Government i s  directly 

. Iddrket . Patent 

, Market s i t e  and growth 

r ize  and growth 
validi t y  

Du Pont believes that Akzo's expectation of 30% canpounded 
growth is unrealistic.  
3-5 years. 
anticipated by Du Pont. ?he 1982 figures show that AkzO'O 
estimates were much higher  than actual. If t h i s  trend 
continues Du Pont expect6 t h a t  the manufacturing 
f a c i l i t i e s  of both campanics w i l l  operate a t  about 40% 
capacity by 1986 which leads inevitably to  extensive 
losses for both Akto and Du Pont. These losser w i l l  be . 
covered by the Dutch jo int  venture vi11 the Dutch 
Government in ject  more funds  into the venture if such 
looses are incurred? 

The development of end-uses take6 
This experience waa i n i t i a l l y  also not 

. Patent validity 

Du Pont believes that our patent situation, w i t h  the 
exception o f  the Netherlands, i s  strengthening, Outside 
The Netherlands we have not lost  a patent case incourt. 
With  an investment of over SO0 mill ion dollars Du P O n t  ha@ 
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no other alternative but t o  strongly act i n  defence Of 
th i s  large investment, 
brought already i n  several European countries. 
defence of patent w i l l  put Du Pont i n  conf l ic t  o i th . the  
Dutch Government. This is a concept to Du Pont. 

Infringement sui ts  have been 
The 

Responses of Minister Van Ardenne 

Eu Pont should have no concern that relations w i t h  the 
Dutch Government w i l l  deteriorate. 

The position of the Dutch Government is that Akzo has no 
j o i n t  venture w i t h  the Dutch Government but w i t h  the MOH 
(rbrthern Development Company) . The NOH a c t s  
independently even though the capital  i s  provided by the 
Government. 
Governmen t can vi t hd raw from it  . Once the contract w i t h  the !!OM is signed the 

508. One of  lR?ll's objectives i s  to reap a profit  from its 

involvement i n  the Aramf project. (Ilisnan, Tr. p a  2599). 

509, The Dutch government owns a l l  of the stock of NOll. (Wisman, 

tr. p,  2584). 

510. The Dutch government has guaranteed loans to Araml. (Wieman, 

Tr. p. 2583). 

511, A meeting was held anong Akzos Du Pont, NO11 and Government 

personnel at  the o f f i ces  of the Ministry  i n  the Hague on Narch 30, 1984. 

(Henry, CX-391,~. 24). 

512,  Elr. Lelfveld opened the Narch 30, 1984 meeting with the 

statenent that he was hopeful that the two companies, both important to  The 

I:etherlands, would be able to work out their  differences. (Henry, CX-391, p. 

24). Du POnt repeated i t s  concerns about the importance-of good relations 

with the Dutch Government; the rlsk that s u c h  relations would be harned by 

. differences between Du Pont and t h  Arani partnership; and t h e  unfairness of 

the Government'a entering into a partnership that would violate Du Pont's 
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513. Ministry Textiles Pirector Dr. Schoots, who attended, prepared 

a detailed A p r i l  3 ,  1984 memorandum of the Ifarch 30, 1984 meeting for the 

Mnister  himself . 
(Wiseman, Tr. p. 2583; Cx 652 pp. 16-18). The memorandum purported t o  be a 

"direct point-by-point summary" of the meeting. The memorandum does not 

ref lect  any "threats" by Du Pont to reconsider investments or take other 

action; any urging that Akzo delay entry; or any prediction that there would 

be e f fec ts  on U.S.-Dutch relations. The 

menorandun does report that both Akzo and Du Pont respresentatives agreed that 

"at t h i s  noment i n  tine -- through t o  around 1330 -- there Is  certain 

overcapacity" i n  the'rnarket for  aranids. (CX-653). The memorandum ref lects  

(CX-653). The memorandum was ' la ter  "leaked" t o  N O L  

(CX-653; Wisman, Tr. pp. 2590-91). 

tha the ministry was well  informed on the issues and devoted to a p o l i c y  under 

which "the Mnistry  of  Economic Affairs is allowed to stimulate the 

development of aramid applications without getting involved i n  a direct 

confrontation." (E.). - 
514. Hendrfk Wisman, the President of 1!OEi a Board menher of  Arazni 

and an attendee at the March 30 1384 neeting, stated that i n  "the course Of 

the neetfng Du Pont's representatives brought up the fac t  that  nu Pont had 

investments i n  Holland . . and that Du Pont n i g h t  reconsider f u r t h e r  

investment plans w i t h  respect to Holland as a result of the Arami's project" 

(llfsenan, RX-T! p a  5). 

515, Nr. Wisman tes t i f i ed  that Dr. J. Schootz was "a lower level 

employee" of  the D u t c h  tlfnistry. (Uisnan,  Tr. p. 2533). 

516. 1-k. !Usman tes t i f i ed  upon cross-exmination, that the Schootz 

April 3, 1934 neclorandun was not a f u l l  account of the meeting since the 

i -  
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"meeting was set f o r  a discussion between Akzo-Enka on the one side and Tu 

Pont on the other side, and the government, the l i i n i s t r y  o f  Economic Affairs,  

was not taking part i n  that discussion" (llisman Tr. p. 2 5 9 3 ) ;  that !!r. Bla ir ,  

"was u s i n g  the opportunity [ o f  the meeting] to t r y  and discuss w i t h  the 

government representatives Du Pont-Dutch relations";  that these discussions 

were not reported on because llr. Schoots is not supposed t o  give opinion o r  

facts  about discussions that a meeting was not set f o r "  (Iliman, Tr. P. 2 5 9 4 ) .  

517. The 15-year term formal partnership and other agreenents 

between NOM and Enka had been concluded more than.a year before the !larch 308 

1984 meeting (Zapel in ,  Tr. p. 1573). 

underway since A p r i l  o r  !lay o f  1383. (Wisman, Tr. p. 2586) .  

Construction of the plants had been 

518. On cross-examination, Xr. Ilisman changed h i s  written 

testimony. 

U.S.-Dutch relations "would" be affected by the Arad partnership, he 

acknowledged that the testimony-should read "could" be affected. 

Tnstead of  attributing to Du Pont representatives a statement that 

(WfSman, 

2567-70'; CX-652 p. 48) .  

t h i s  subject a t  the meetinc. 

I!e cohd not remember any detai ls  of what was said on 

(Ilisnan, CX-652 .pP. 46-48). 

Tu Pont's Sale of "1:evlar" 

513. Dean XacAvoy, Akzo's economist, has stated that i n  pricing 

Revlar Du Pont has demonstrated "a  to ta l  lack of pricing restraint"  and has 

set Kevlar's prices a t  levels  which are "much too high". (RX-14 p. 30). 

520. Cean IhcAvoy's conclusions i n  this  respect are derived fron a 

table ,  Table 3, which appears at page 31 of his Febuttal Statement, 3X 14, 

That table purports to sliow t h a t  i n  the eight-year period 1376-33 inclusive 
i 
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the prices of "Kevlar" have risen by more than 107%, whereas the prices Of 

various other products aluminum, rayon, polypropylene, s t e e l ,  etc.). have risen 

by significantly lower percentage ranging from 29.5% t o  72.22. 

521. Dean IlacAvoy's tes t i f i ed  that Table 3 was intended t o  convey 

the impression that i n  general the prices of the various categories or 

end-uses of Kevlar have risen by more than 1OOX.  (HacAvoy, CX-654 p. 73). 

522.  Dean !lacAvoy also tes t i f i ed  that Table 3 is based O n  the 

average prices f o r  a l l  categories of Xevlar I n  a given year and t h e  results  

would be affected by the  mix of products sold i n  any given year. (!.IacAvoY, 

CX-654 pp. 79-80). 

523. Dean IhcAvoy further test i fed that a table prepared as  he 

prepared Table 3 might show a 1007. price increase on an average basis even 

though not a single product  included i n  the data base had had a price increase 

i n  that amount. 

just two products, neither one of  which had risen i n  price by more than 40%, 

the nfx'of products and prices 'could nonetheless .produce a result suggesting 

For example, if such  a table were prepared on the basis of 

that both products had rlsen by 100%. (IbcAvoy, CX-G54 pp. 77, 80-33). 

524. Dean NacAvoy's Table 3 does not establish that there i s  any 

category of "Kevlar" for which the price has risen by the percentage suggested 

I n  Table 3. 

525. When Dean EacAvoy reviewed the price' changes for  "Kevlar" over 

the nost recent five-year period covered by h i s  Table 3 he stated that he 

"would not characterlze" those prlce changes as exhihiting "a lack of p r i c i n g  

restraint".  (CX-654 pp. C4-CS). 

. .  
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Value-in-Use Pricing 

. .  
526. Du Pont prices Kevlar aramid f iber differently i n  separate end 

use markets (called "Narket segment p r i c i n g " )  and employs "value-in-use" 

concepts i n  Identifying the markets i n  w h i c h  i t  w i l l  offer "Kevlar" and the 

prices i t  w i l l  seek t o  charge f o r  the f iber.  (Henry, CX-36 a t  49 ) .  

527. Du Pont's Henry test i f ied:  

We have f o u n d  that 'value-in-use" analysis i s  quite 
helpful i n  addrssing a number of the problems involved i n  
developing markets f o r  "Kevlar" and aramid f iber.  
"Value-in-use" i s  the phrase we use i n  seeking to ascertain 
how much our product is worth to the customer when measured 
against the best functional alternative. We use value-in-use 
analysis to g u i d e  us  to end use markets i n  which  "Kevlar' i s  
most l ikely  to be both a technical and economic success, t o  
demonstrate t o  customers the advantages of "Kevlar," and to 
a i d  i n  pricing "1:evlar". 

fle ascertain the value o f  "1:evlar" f o r  a particular use by 
f i g u r i n g  out the cost of-the alternative material and 
adjusting upwards or downwards for  added advatages or costs 
that would result from (he use of "Kevlar". For example, we 
would adjust the value upwards if "Kevlar" were more durable 
than the incumbent and downwards if  the use o f  "Kevlar" would 
increase our customer's manufacturing costs. 
thfs type of a n a l y s i s  to the large number of potential Uses 
for  "I:evlar," we can elininate uses which might be 
technically successful but which would not command an 
adequate price,  and focus on those uses for which we might be 
ahle to  s e l l  "Xevlar" at a profit. 

By applying 

(Henry, CX-3G,  pp. 33-40). 

525. If B Du Pont customer applies "Kevlar" to a u ~ e  other than the 

one identified a t  the time the f iber was purchased from Du Pont or rese l l s  the 

'Kevlar" f o r  s u c h  ;i different use, Du Pont expects that the price i t  received 

for  the."I:eviar" w i l l  be adjusted with Du Pont either receiving or paying,. as 

appropriate, the difference between the original prfce and the hlgher or lower 

price that would have been charged If  .the actual use ahd been identified a t  

the outset of the transaction, (Henry, C X - X l  pp. 26-27). 
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529. Du P o n t ' s  "va lue- in -use"  systen re l ies  upon restricting 

customer  u s e  and c o n t r o l l i n g  c u s t o m e r  resale o f  " K e v l a r "  (Henry,  Tr.. 1 3 5 9 ;  

t f a r r i s ,  Dep. ,  RX-532 pp 2 0 ,  2 7 - 2 3 ;  Cole Dep., RX-529 pp. 21 -22 ;  F1orga.n Dep., 

RX-520 p. 73) 

5 3 0 .  I n  order t o  m a i n t a i n  i t s  va lue- in -use  p r i c i n g  system Du Pont  

r q u i r e s  that i t s ' c u s t o m e r s  a p p l y  " K e v l a r "  t o  t h e  specific end u s e  for which i t  

has been  pr iced.  If c u s t o m e r s  u s e  t h e  "Kevlar "  f o r  a d i f f e r e n t  end u s e ,  they 

must pay Du Pont  the higher price. Vice P r e s i d e n t  C h a r l e s  L. Renry test i f ied 

t h a t  Du P o n t ' s  " p o s i t i o n  w i t h  the cus tomer"  i s  " t h a t  t h e  p r o d u c t  must stay i n  

the u s e  that  i t  was i n t e n d e d  f o r ,  and t h a t  i f  i t  were s u b s t i t u t e d ,  t h a t  h e  

would have to  pay t h e  h i g h e r  pr ice  f o r  t h a t  end use . "  (Henry, Dep., RX-511 p. 

1 7 4 ;  Renry Tr .  pp. 1357-1359 ;  Henry R e b u t t a l ,  CX-391 p.  26-27; Cole bP., 

RX-529 pp. 21-22 ;  Gates, K e v l a r  Aramid Fiber S a l e s  Agreement ,  RX-1509 at 

531. Du Pont ' s  EIeckert test i f ied t h a t  if Du P o n t  d i d  n o t  attempt to 

keep r e a s o n a b l e  t r a c k  o f  i t s  c & t o m e r s  "use o f '  K e v l a r " ,  i t  would r iak 

d i s a d v a n t a g i n g  Du Pont ' s  c u s t o a e r s  i n  t h e i r  a b i l i t y  t o  compete, ( i i e c h k e r t  Tr. 

pp. 2 7 0  271).  

532. According  t o  I?u Pont  t h e  p e r c e i v e d  value- in-use  f o r  " K e v l a r  

49" f o r  fabric  f o r  power b o a t s  was lees i n  t h e  Uni ted  States than  in Europe 

and a c c o r d i n g l y  Du Pont reduced t h e  U.S. P r i c e  i n  o r d e r  t o  promote volume i n  

the Uni ted  States.  (Cordin ,  PX-502 p. 76; Jaaes, PX-512 p. 42). Du Pone 

r e q u i r e d  t h a t ,  if U.S. weavers sold fabric f o r  power boats t o  E u r o p e ,  Du Pont 

was t o  be  r e i m b u r s e d  f o r  t h e  d i f f e r e n c e  between t h e  U.S. and European " K e V h r "  

price. ( C o r b i n ,  FX-502 a t  6 9 ;  P a w l i n s ,  RX-523 at  72; James, RX-512 p. 4 7 ) .  

"Kevlar "  s o l d  for 'use  i n  fabr ic  f o r  power b o a t s  a c c o u n t s  for a S m a l l L  

. .  . 

percentage of t o t a l  K e v l a r  s a l e s .  (RX-1530 p. 3900002, "marine"). 
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533. Goodyear Rubber Co. has purchased "Aevlar"  for both t i r e  and 

mechanica l  r u b b e r  good end u s e s  (Wi lson ,  Dep., RX-541 p.  163; Ili11 D e p .  ( I ) ,  

RX-535 p .  53). Goodyear c u r r e n t l y  c o n d u c t s  i t s  "Kevlar"  t ire '  busf ness through 

i t s  Kel ly  S p r i n g f i e l d  u n i t  ( V i l s o n ,  Dep., Pa-541 pp. 59, 65-66). 

534 .  Gates Rubber Co. has purchased "S:evlar" only f o r  mechanica l  

r u b b e r  good e n d ' u s e s  (Wi lson ,  Dep., RX-541 a t  1 6 3 ;  Zielke Dep., 1Ly-546 P o  3 ;  

Cole Dep., RX-523 p. 63). 

535. Du Pont has s o l d  and c o n t i n u e s  t o  s e l l  "Kevlar "  for use  i n  

mechanica l  r u b b e r  good end u s e s  a t  a s i g n i f i c a n t l y  h i g h e r  p r i c e  than "Kevlar"  

f o r  use i n  t i r e  end uses.  

goods has  ranged from $3.10 t o  $3.20 p e r  pound while t h e  p r i c e  for t ires h a s  

ranged from $4.25 t o  $6.50 per pound o v e r  t h e  past f i v e  years, (Alternate 

The l i s t  price o f  "Kevlar "  f o r  mechanica l  r u b b e r  

S t r a t e g y  Focus F o r e c a s t ,  RX-4007 pp. 4101094-4101035;  Du P o n t ,  Nov. 23, 1982, 

Menorandun, RX-950) 

53G. Custoners i n  t h e  r u b b e r  i n d u s t r y  have f r e q u e n t l y  asked Du Pont 

whether 'Type 350 "Kevlar"  prfcefd for t i re  a p p l i c a t i o n s  could be s u b s t i t u t e d  

f o r  the h i g h e r  p r i c e  Type 9556 "l',evlar" used i n  a e c h a n i c a l  r u b b e r  good 

a p p l i c a t i o n s ;  Larry Cole ,  llarketing Nanager f o r  the r u b b e r  i n d u s t r y  Qarket 

f r o n  1773 through 1182,  t e s t i f l e d  t h a t  " [ i l t  very well might work" but asserts 

"it  uasn ' t  desfgned f o r  t h e  u s e * "  ( C o l e ,  Dep., Lx-529 p. 63). 

537. Du Pont has sold and c o n t i n u e s  t o  s e l l  "Kevlar "  for u s e  i n  

a e c h a n i c a l  r u b b e r  good end u s e s  a t  a s i g n i f i c a n t l y  higher p r i c e  than "Kevlar"  

f o r  use i n  t i r e  end uses. 

goods has ranged from $8.10 t o  $ 9 . 2 0  p e r  pound w h i l e  &he price f o r  tires has 

ranged fron $4.25 t o  $6.50 p e r  pound o v e r  t h e  p a s t  f i v e  years, 

S t r a t e g y  Focus  F o r e c a s t ,  P.X-GOD7 pp. 4101094-4101095;  Du Pont, 1Jov. N 9 ' 1 9 3 2 v  

The l f s t  price o f  "Kevlar "  for mechanica l  r u b b e r  

( A l t e r n a t e  

llemorandum, TG-350). 

35 3 



538. Custorners i n  t h e  r u b b e r  i n d u s t r y  have f r e q u e n t l y  asked Cu P o n t  

w h e t h e r  Type 950 “ K e v l a r ”  priced f o r  t i r e  a p p l i c a t i o n s  c o u l d  be s u b s t i t u t e d  

f o r  t h e  h i g h e r  priced Type 956 “ X e v l a r ”  used in i e c h a n i c a l  r u b b e r  good 

a p p l i a t i o n s ;  Larry C o l e ,  H a r k e t i n g  t l a n a g e r  for t h e  r u b b e r  i n d u s t r y  market fron 

1378 t h r o u g h  1 9 8 2 ,  testiffed that “ [ i l t  very well might work” b u t  asserts “ i t  

w a s n ’ t  d e s i g n e d  f o r  t h e  use.“ (Cole Dep., RX 523, pp. 73-79). 

539. Du Font ’s  expert e c o n o m i c  w i t n e s s ,  Prof. IIausman, t e s t i f i e d :  

A Well, e c o n o m i s t s  t y p i c a l l y  h a v e  three types  of price 
d i s c r i m i n a t i o n ,  and t h i s  goes back t o  t h e  fanous E n g l i s h  
e c o n o m i s t  P i g o u  at Canbridge, E n g l a n d .  
t h r e e  types of price d i s c r i m i n a t l o n ,  and v a l u e - i n - u s e  p r i c i n g  
n o s t  c losely  accords w i t h  what  he ca l led  t h i r d  degree price 
d i s c r i m i n a t i o n .  

s t u d e n t s  now always s t u d y  t h e  famous book o f  Mrs. Joan 
R o b i n s o n  w h i c h  tias p u b l i s h e d  i n  the  19309, a n d  s h e  a n a l y z e s  
t h i r d  degree pr ice  d i s c r f n f n a t f o n ,  and 1 t h i n k  t h a t  is where 
I real ly  became nost familiar w i t h  t h e  term, 

d i s c r i m i n a t i o n  has both cost and b e n e f i t s  t o  t h e  c o n s u m e r ,  
I l r s .  R o b i n s o n  i n  h e r  book came t o  t h e  c o n c l u s i o n  t h a t  i t  
probably was b e n e f i c i a l  overall  t o  society  t o  pernit third 
degree price d f s c r i n i n a f i o n  or h e r e ,  v a l u e - i n - u s e  p r i c i n g .  
( IIausnan Tr.  p. 1C34)  

And h e  i d e n t i f i e d  

I:ow, when I was g r a d u a t e  s t u d e n t  -- a n d  I i m a g f n e  g r a d u a t e  

And I m i g h t  say that a l t h o u g h  t h i r d  degree price 

540 .  A ~ Z O ’ S  ’Zwaron price l i s t ,  w-Europe f o r  1?85/1986 is said t o  be 

End-use 

T i  res 

- T y p e  

? lOCO/ D 1001 

14echani ca l  R u b b e r  Coods 3 10CIfD 1001 

R o p e s / C p t i c a l  F ibre  Cables D l O O O / r !  1Q20 
D 1055 , 

F r i c t i o n  materials etc. D 1000 
D.1031 - 
0 l07P 

1984 
c o m p a r i s o n  
K e v l a r ,  i nc 1. 
2% duty 

IIf l / k g  IIf l/kg 

45.30 

75.75 
102.45 

97,90 
a2.50 
62.95 



D 1080 
D 1090 

Advanced composi tes  D 1050 
D l055/ D 1056 

f n d u s t r i a l  f a b r i c s  D 1000 
D 1040 

(RX 1 3 0 6 ,  p E 700970)* 

- 
102,45  

9 7 , ? 0  - 
. .  

541. "Kevlar"  i s  not a single product.  Du Pont 's  pr i ce  l i s t s  

c o n t a i n e d  i n  CX 43 i l l u s t r a t e  the many combinat ions  of  d e n i e r ,  f i n i s h  and 

modulus t h a t  are sold.  Du Pont has developed a broad v a r i e t y  o f  "1:evlar" 

products  w i t h  a v a r i a t i o n  i n  prices t o  meet t h e  needs of d f f f e r e n t  end u s e s  of 

t h e  f i b e r .  (Henry, CX-36 at 9) .  For  example, t h e  pr ice  is for 43 1500 

d e n i e r  r e g u l a r  modulus  f i b e r  while t h e  pr ice  is for a 195 denier high 

nodulus " K e v l a r  4 9 "  fiber. (CX-43). I n  a d d i t i o n ,  b o t h  t h e  fine d e n i e r  and 

the high modulus add t o  the c o s t  o f  manufacturfng 195 D e n i e r  "Kevlar  49". h e  

t h e  r e q u i r e d  t o  produce a pound o f  195 d e n i e r  y a r n  is 71f2 times longer t h a n  

t h e  time r e q u i r e d  t o  produce a pound of 1500 d e n i e r  yarn.  

52-53). 

(Henry, CX-36 PP. 
., 

542. Du Pont's p r i c e  l i s t s  f o r  i n d i v i d u a l  "Kevlar "  products  i n  

CX-43 show t h a t  a s  o f  December. 3 1 ,  1983, "Kevlar "  yarn was o f f e r e d  

combinat ions  of modulus, f i n i s h  and d e n i e r ,  that both  wet and dry pulp are 

s o l d ,  t h a t  t h e r e  is high  and low modulus s t a p l e ,  and t h a t  t h e  staple is 

30 

a v a i l a b l e  w i t h  e i g h t  different cut l e n g t h s  o f  f i b e r .  

S43. There are o c c a s i o n s  when t h e  sane d e n i e r  and type o f  "Kevlar"  

may be s o l d  at d i f f e r e n t  p r f c e s  for d i f f e r e n t  u s e s ,  f o r  t h e  most p a r t  t h e  

d i f f e r e n t  end uses  r e q u i r e  d i f f e r e n t  p r o d u c t s  - p r o d u c t s  t h a t  are 

d i s t i n g u i s h e d  by such f a c t o r s  as d e n i e r , '  ~ l o d u l u s  and f l n f s h .  (CPFFP, 8.20(b)). 
L 

544. By s e l l i n g  "!:evlar" aramid f i b e r  a t  d i f f e r e n t  prices for 

different end-uses. nu Pont is able t o  maximize t h e  u s e s  t o  whlch "Kevlar"  
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can be put  and accordingly  e n l a r g e  the volume o f  " R e v l a r "  that is sold. 

Pont  cannot  s e l l  "Kevlar "  o n l y  at $5 per pound i f  i t  looks t o  r e c o v e r  i t s  

c a p i t a l  i n v e s t m e n t .  I f ,  however ,  Du Pont  were t o  sell " K e v l a r "  only a t  a 

s u b s t a n t i a l l y  h i g h e r  price, i t  c o u l d  n e v e r  o b t a i n  t h e  high volume b u s i n e s s  i t  

h a s  i n  the tire m a r k e t ,  so t h a t  i t  c o u l d  n o t  a c h i e v e  t h e  e c o n o m i c s , o f  scale 

Fu 

and o t h e r  c o s t  r e d u c t i o n s  t h a t  come f ram producing  greater q u a n t i t i e s  o f  

"Revlar" .  (Henry,  CX-36 p. 49;  Pdusrnan, CX-180 pp. 16-22). 

545. Du Pont has p r i c e d  " K e v l a r "  a t  less  t h a n  t h e  amount t h a t  would 

Thus, t h e  price of " K e v l a r "  cable produce  t h e  g r e a t e s t  s h o r t - t e r m  p r o f i t s .  

used i n  o f f s h o r e  d r i l l i n g  a p p l i c a t i o n s  Is $8.00  per pound, even though the 

v a l u e  of  K e v l a r  i n  this end use is 316.00 per pound. (Henry, CX-36 p. 44)- 

546. 

8 

547. A c u s t o n e r  deposed by Akzo test i f ied:  

(Zelka Dep. RX 346, p. 1 3 4 ) .  

548. Gates Rubber Co. must " cer t i fy ,  i n  w r i t i n g ,  a t  the end of each 

C o n t r a c t  Y e a r  i t s  d i s p o s i t i o n  o f  'Kevlar'", p u r s u a n t  t o  i t s  " K e v l a r "  Aramid . .  
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Fiber Sales Agreennt w i t h  Du P o n t  (RX 1509 a t  POOOSSO). I n c l u d e d  in this  

contract provision i s  the explanatfon: 

"Kevlar' is priced for speci f ic  applications. For 
example, Type-956 'Kevlar' and a l l  other types of 'Kevlar' 
sold hereunder are priced f o r  use i n  mechancial rubber goods 
reinforcements unless DUPONT otherwise not i f ies  GATES. 
'Kevlar' used for nonspecified use o r  sold by GATES to a 
third party w i l l  be priced to GATES a t  the lfst  price for  the 
application to which GATES or the third party w i l l  be priced 
to  GATEES at  the l i s t  prlce for  the application t o  w h l c h  
GATES o r  the t h i r d  party p u t s  the 'Kevlar.' If aecessarys 
retroactive price adjustments shall  be made on th is  basis, 
and a credit or debit invoice issued to  GATES accordingly. 

Any 

(RX 1509 pp POO@533-POOOS30) , 

543. A Du Pont memo dated Dec, 21, 1351 to Du Pont's Corbin from 

the f i e l d  stated in part: 

is the largest domestic hose distributor,  and 
has a very aggessive, growth oriented business philosophy 
which does not include "Kevlar" aramid i n  a major vay. 
Presently , "Kevlar" reinForced 100P.8 hoses whf ch consumed 
nearly all of  the 1981 est .  pounds, are i n  irmrainent 
danger o f  being converted to  polyester because of coat. 
Furt hernote, managenent are seeking to develop s t e e l  
reinforced hoses i n  preference to "Kevlar" because of Cost. 

We want to encourgage a more aggressive "Kevlar" development 
program by partial ly f u n d i n g  the development costs of new 
hoses during 1352. 

We propose a development allowance of $l . lS/ lb.  beglnnfng 
w i t h  Jan, ,  '82 shipments and to be re-evaluated in hc., '82 
for extension, if warranted, 

Please give us your approval of th is  proposal so we can meet 
w i t h  the custoaer An early January and obtaln agreement t o  
retain Kevlar In 100R3 hoses u n t i l  higher VXV products such  
as 100R9, 100~10, and rub'ber hydraulic hose replacements can 
be developed, 
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550 d i d  i n  fact  e n g a g e  i n  new h o s e  development 

(F.X-355, p. 4600053). 

551 .  Du P o n t ' s  Cole tes t i f i ed  t h a t  a n ' A r o s t r o n g  p a s s e n g e r  t i r e  

which uses K e v l a r  employs t h e  s o - c a l l e d  " T r e d l o c k "  d e s i g n  -- a d e e i g n  whfch is 

e n t i r e l y  d i f f e r e n t  from the "cut  bel t "  d e s i g n  o f  t h e  o t h e r  m a n u f a c t u r e r s ,  and 

which r e s u l t s  in a t l re  t h a t  d o e s  not  compete  d i r e c t l y  f o r  t h e  same c u s t o m e r s  

as Goodyear, e t c .  ( C o l e ,  CS-494 pp. 33-96; E e n r y ,  RX-534 pp. 4041, 150-51; 

CX-fQ3 p. 156). 

552. A , i n s t i t u t e d  i n  1932 t o  Armstrong wash 

t o  h e l p  A r n s t r o n g  d e v e l o p  i t s  o m  p r o c e s s  f o r  n a n u f a c t u r i n g  " K e v l a r "  

c o n t a i n i n g  cord  for "Tredlock"  t i r e s  a f ter  i t  had i n i t i a l l y  n a n u f a c t u r e d  t h a t  

t i r e  u s i n g  "Kev1ar" -conta in ing  cord o b t a i n e d  from o u t s i d e  m a n u f a c t u r e r s -  

( I Ienry, ,  CX-36, pp. 24-25; Henry, RX-534 p. 43;  Rx-946 p. 4600042; C o l e ,  CX-494 

pp. 33-96). 

553. Clark-Schwebel  F i b e r  Class Corp, is a "sizeable" du Font 

c u s t o n e r  (RX 520, :loran Dep. pp. 375-77). Du P o n t ' s  lIugh James Ralph CAlby 

n e t  w i t h  Clark-Schwebel ' s  m a r k e t i n g  manager Dieter li'acther I n  F e b r u a r y  1984. 

During t h a t  d i n n e r  meet ing  C i l b y  t o l d  W a t c h e r  t h a t :  

(Wachter, Dep. , PX-545 p. 61). C i l b y  t o l d  llachter t h a t  Du 

Pont p lanned on p u r s u i n g  i n  Belgium, where C l a r k - S c h v e b e l  h a s  a weaving 

o p e r a t i o n  ( G i l b y  Dep. , ?.X-531 p, lC7). In a follow-up le t ter ,  " C i l b y  wrote" 

t h a t  C l a r k - S c h v e b e l  could  become e n b r o i l e d  i n  t h e  s u i t .  

i -  

"To c lar i fy  the p o i n t s  I was n a k f n g  on the  the Du Pont 
p o s i t i o n  i n  protecting o u r  p a t e n t s ,  I c a n  summarize as 
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follows. !le are c o n o f t t e d  t o  defending  our r i g h t s  on K e v l a r  
a r a n i d  f i b e r s .  
c o m p e t i t i v e  aramid n i g h t  o r  might n o t  be i n v o l v e d  IS 
something t h a t  w i l l  depend on c i r c u m s t a n c e s .  T h i s  i s  a 
d e c i s i o n  you w i l l  have t o  make for y o u r s e l f .  
people  would l i k e  t o  t a l k  to o u r  lawyers about this, I would 
s u g g e s t  they  c a l l  Don A, IIoes,  302 /774-6374  or  James A .  
F o r s t n e r  (Jirn) at  3@2/774-8613. Thanks a l o t "  (RX 1530) .  

!low your company o r  any purchaser of a 

It your  Legal  

S i m i l a r  a d v i c e  was g i v e n  t o  Gates (?a 1501; Takvorian Dep., RX 539 ?P- 

151-153).  

554. Du Pont has t o l d  H a t i c k  Tabs that a " q u e s t i o n  exists" as t o  

whether Arenka's  fiber i n f r i n g e s  Du Pont ' s  patent and t h e  Du Pont would t a k e  

a p p r o p r i a t e  a c t i o n  t o  defend i t s  patents. (RX 813 p 2103095). 

555. A Cct. 1 3 3 3  Du Pont meno t o  i t s  sales p e r s o n n e l  stated: 

CC'S AI3 CCt!T'S - AXZC LITICATIOI: 

DO'S - 
o 

o 
' docueant  i n  t r i p  repOYts. 

Continue t o  carry on your b u s i n e s s  a c t i v i t y  i n  a noma1 
manner . 
Seek  i n f o m a t i n  from cus tomers  on Akzo market a c t i v i t y  and 

\!hat customers have been v i s t e d ?  
Vho made t h e  Akzo c a l l ?  
Get copies of brochures  o r  o t h e r  product  d e s c r l p t i o n .  
D e t e r n i n e  Akzo product a v a i l a b i l i t y ,  when, how much? 
Vhat price!?  S p e c i a l  i n c e n t i v e s ?  
llhat end uses are targeted by Akzo? 
121s c u s t o n e r  processed  Akzo product?  
How do Akzo products  perform? 
Repor t  t r a d e  shows, technical s e n i n a r s ,  o t h e r  a c t i v i t y .  

Paspond when asked about l f t f g a t i o n ,  Deal p o s s f t i v e l y  with t h e  
i s s u e  . 

- there are a nunber of l e g a l  p r e c e e d f n g s  around Du Pont's 
aramid pat en t s .  

- Du Pont 5as sued Akzo in F r a n c s ,  C e n a n y ,  UI: for 
. .  market ing  a n  a r a n i d  . f i b e r  which 3u Pont f e e l s  i n f r i n g e s  

i t  p a t e n t s .  
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- Akzo has sued Du Pont in the U.S. seeking t o  overturn 
Du Pont's patents and al leging a n t i t r u s t  and unfair  
compeition violations.  

. 

- Du Pont is confident o f  i t s  posit ion;  expects t o  
ptevai 1. 

o When asked about action Du Pont w i l l  take against a U.S.. 
firm buying Akzo aramid, the following response can be 
given. .  

- Purchase of Akzo f iber  i s  a decision the customer m u s t  
.make for  himself. 

- Du Pont believes the current Akzo product infringes i t s  
patents and has often stated,  i t  w i l l  defend those 
pa tents . 

o Don't o f f e r  a personal opinion on what 
might o r  might not do regarding use of 

o Don't make any statement that could be 
' threat against Akzo or the customer. 

the Du Pont  Company 
Akzo f i b e r .  

construed as a 

0 Don't speculate or d i s c u s s  the inpl icat ions  f o r  a customer 
i f  he chooses to buy competitive f iber.  

o Don't discuss what act ions  Du Pont w i l l  o r  w i l l  not take 
t o  defend i t s  patent r i g h t s .  

(RX-1170). 

555. Du Pont does not dispute that the "Kevlar" sold for tire and 

PIRG uses may be interchangeable; the Kevlar i s  priced d i f f e r e n t l y  because its 

value in use is d i f f e r e n t ,  
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h P o n t ' s  P o l y m e r i z a t i o n  S o l v e n t  

557. A May 2 ,  1980 Du Pont "Kevlar "  Aramid Fiber P r e s e n t a t f o n  t o  Du 

Pont ' s  E x e c u t i v e  Committee s t a t e d  i n  part: 

F o l l w i n g  s t a r t - u p  i n  ' 7 2 ,  part 1 of this  expans ion  p r o j e c t  
a t  Spruance  was a u t h o r i z e d  in ' 7 4  and halted in '75 due t o  
the f i n d i n g  that the p o l y n e r i z a t i o n  s o l v e n t  
hexamethylphosphoramide o r  IPlPA was an e x p r i m e n t a l  
c a r c i n o g e n ,  
machine t o  t h e  market development f a c i l i t y  which was expanded 
t o  14ML-1 l b s .  /yr .  using €INPA. 
market and buy time t o  deve lop  t h e  a l t e r n a t e  s o l v e n t  
I I - rPethylpyrrol idone [ hXP] . We accompl ished  t h e s e  two and 
proceeded l a s t  year w i t h  expans ion  when part 3 was a u t h o r i z e d  
f o r  CCE, long D e l i v e r y  equipment, and p r e l i m i n a r y  
c o n s t r u c t i o n .  This i n c r e a s e d  t o t a l  a u t h o r i z e d  t o  $60MM f o r  
t h i s  poject p l u s  $25!iEl part 1 for t h e  associated 
P e t r o c h e n i c a l s  P r o j e c t ,  

Part 2 t r a n s f e r r e d  t h e  p r o t o t y p e  s p i n n i n g  

T h i s  enabled  us t o  expand the 

(EX 636 p 0001503) 

558. I n  1371 Du Pont had a capacity of r o u g h l y  s i x  mil l ion pounds - 
f o r  "Kevlar".  

m i l l i o n  pounds t o  mi l l ion  pounds "Kevlar "  p r o d u c t i o n  capacity. ( H e c k e r t ,  

Tr. pp. 26-87). 

I n  1374 there wa: a proposal t o  move i n  stages, from 8dX 

559. Du Pont's Heckert  agreed t h a t  Du Pont s p e n t  many m i l l i o n s  of  

d o l l a r s  t o  a v o i d  c o n t a c t  wLth IU2A by i t s  employees and s p e n t  a l o t  of money i n  

s t u d y i n g  t h e  problem and i n  s w i t c h i n g  from " P A  t o  121P. ( H e c k e r t ,  Tr. P. 113)- 

560. Du Pont's decLsfon  t o  h a l t  t h e  use of IItlPA because  i t  was 

b e l i e v e d  t o  be c a r c e n o g e n i c  was nade on o r  about  October 3 ,  1975 (CX-546, 

Response t o  I n t e r r o g a t o r y  KO. 33(d)(e)). 

561. Du Pont's I X t c h e l l  a t  about  September 1 3 7 5  p a r t i c l p a t e d  in a . 

a -  s e s s i o n  a t  Du Pont w i t h  respect to how t o  d e s s f n i n a t e  t h e  f f n d i n g  r e g a r d i n g  
i 

. INPA. F i t z e r a l d  made a nunber of o u t s i d e  c o n t a c t s .  i!e b e l f e v e d  he c a l l e d  
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Akzo. 

immediately i n v o l v e d  but might p o s s i b l y  be involved .  

L e t t e r s  were sent t o  o t h e r  people  t h a t  Du Pont f e l t  were not 

( l l i t h c h e l l ,  Dep. , Tr. 

pp. 4 8 - 4 9 ) .  

562. An Akzo r e p o r t  stated t h a t  i n  e a r l y  1375 the news reached Akzo 

from the U.S. t h a t  long- tern  i n h b f t i o n  experiments i n  rats had shown t h a t  

"WlPT" could  cause t u n o r s  and t h a t  at the end o f  September 1 9 7 5  t h e  d e t a i l s  of 

Du Pont 's  e x p e r i m e n t s  became a v a i l a b l e  t o  Akzo. (CX-611, PE 444970)- 

563. I n  e a r l y  October 1975, work began at "Kevlar "  R e s e a r c h  a t  bu 

Pont t o  select an a l t e r n a t i v e  s o l v e n t  t o  €DlPA for t h e  p o l y m e r i z a t i o n  of 

PPD-T. 

Fibers Department of Du Pont t es t i f i ed  that i n  e a r l y  January 1976, Dr. X a t z  

r e p o r t e d  t h a t  he had obta ined  PPD-T with a high i n h e r e n t  v i s c o s i t y  ( that  i s ,  

high molecular  weight) using NMP and lithium chloride. 

January 9, 1 3 7 6 ,  p. 1. (CX-420) ;  t h a t  later i n  January, he r e p o r t e d  success 

w i t h  DNAc and l i t h i u m  c h l o r l d e .  Weekly Summary o f  January 23, 1976, P O  3 

(CX-421); that a t  the 'beginning '  o f  February 1976, he l e a r n e d  t h a t  Drs. Miler 

and :'at2 had a l s o  produced h igh  v i s c o s i t y  PPD-T i n  the Du Pont l a b o r a t o r y  by 

cocrbfning MIP w i t h  calcfum c h l o r i d e  r a t h e r  than l i t h i u m  c h l o r i d e ,  as t h e  sa l t ;  

Du Pont ' s  F i t z g e r a l d ,  who i s  a r e s e a r c h  nanager  w i t h  t h e  T e x t i l e  

Weekly Sumnary Of 

. .  

F i t z g e r a l d  CX-414 pp. 1, 2, 4 ,  5) .  
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564. Thomas E. U t h c e l l  who was a technial director of Du Pont ' s  

Textile Fibers department agreed that Du Pont's Textile Fibers department 

continued to have interest i n  an altenative solvent for  IDPA i n  the 

mnufacture of "Kevlar" aramid f iber  as o f  liay 1976. ( U t c h e l l ,  Dep., CX-513, 

p* 135).  

565. On June 1 ,  1?76 Du Pont f i led a patent applicatlon coverning 

i t s  M:P/calcuim chloride solvent system with the United States Patent and 

Trademark Office. (RX-1104; CX-1122 B p. 11, Du Pont abandoned the 

application i n  June 1977 (RX-1185; RY-4031). 

566. Du Pont's Fitzgerald test i f fed that a f t e r  selecting 

as the aIternative solvent systen Du Pont would use i n  i s  scale-up 

work. Du Pont had several problems t o  resolve before i t  was in a position to 

coomit production f a c i l i t i e s  to  that solvent system. 

tasks i n  the scale-up process were: f i r s t ,  to establish that Du Pont could  

use the solvent systen t o  produce high  viscosity PPD-T polper  i n  

0 continuous polymerization pr&ess, rather t h a n  i n  separate discrete batches 

The two most important 

such a's were made In the laboratory; second, to produce a PPD-T polymer with 

this solvent system fron which  Du Pont could s p l n  a yarn that would be 

Identical i t  the yarn we had been nakelng (and sel l ing) from PPD-T polymerized 

with IEIPA. (Fitzergald, CX-414, pp. 7-81. 

567. T)u Pont was e t f l l  using I B P A  i n  1978. Thus Du Pot's Xeckert 

test i f ied that by 1978, Du Pont's capcacity to  manufacture "Kevlar" reached 

the approval level of 15 mil l ion  pounds per year, using IU4PA as the 

polyrnerf za tion eolven t (liecker t , CX-1, p. 13) 

568 . 
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Cn the 

bas is  of opinions from counsel ,  the  T e x t i l e  F i b e r s  Department recornended that  

Du Pont ignore the Enka patent as invalid.  On behalf of  the Executive 

Conmittee along w i t h  Du Pont's Barnes, Du Pont's Iieckert approved t h i s  

recommendation i n  March 1982. (I!eckert, CX-1, p. 2 2 ;  CX-20). 

563. A Du Pont nemo by G. P. Iioneyuell dated January 14, 1933,  

s ta ted  i n  par t :  

The first sanple of "Arenka" was obtained i n  early 1975,  
I n  the following three y e a r s ,  eight samples o f  the product, 
both as-spun and heat-treated,  were deternined t o  be 
e s s e n t i a l l y  equivalent t o  "Kevlar". A l l  o f  these samples 
contained t r a c e s  of phosphorus, suggesting Akzo was using 
hexamethylphosphoramide (1UIPA) as a polymeri zation solvent 
despite  their  claims i n  l f 7 5  t o  use of an a l t e r n a t e  solvent  
presumably l!-methylpyrroli done (ZEP)/calcium chlor ide  
(CaC12) . 
solvent sys tea  i n  1976). 

(Akzo discussed t h e i r  technolgy f o r  ZiAll/CACl2 

A covering Du Pont neno by Iioneywell dated  January 1 7 ,  1983 s ta ted  " O ' D e l l  

would l i k e  t o  e s t a b l i s h  if and'tlhen AKZO s h i f t e d  fron HIPA t o  1XP/CaC1 

polyrneriztion solvent .  (E-1334)  
2 - - 

570. I n  deposit ion IIoneywell t e s t i f i e d  that  the in fornat lon  i n  hfs 

Jan. 14, 1383 memo had been gathered over a period of a number of years  and 

integrated together  to t r y  to  p u t  together the picture  o f  what "we had 

thought" was the his tory o f  the Arenka Venture. (Ibneywell, RX-503, p. 30). 

571. I n  Xovenher, 1375, Dr. 30s Stan ,  an employee of Du Pont 

In ternat iona l ,  S.A. ("DISA") i n  charge of toxicology matters ,  was t o l d  by his 

counterpart at Akzo, :lr. ?:ees van der Lee, that  (1) Akzo "had discontinued use 

o f  ENPA , "  (2) Akzo had an a l t e r n a t i v e  f o r  I W A  "on the s h e l f " ,  and (3) nDU 

Pont a l so  knows t h i s  because there  had been a techology exchange on t h L s  in 
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t h e  past." 3r. Stam i m n e d l a t e l y  t e l e x e d  t h i s  i n f o r m a t i o n  t o  Du Pont i n  

Vilmington.  (Du Pont Nov. 14, 1975, S t a n  te lex  t o  Long, RX 1046; Stam Dep.,  

RX-526 pp. 26-29, 34, 65-67; Mitchell Dep., RX-Sf9 p.  70;  Du P o n t ,  M i t c h e l l  

handwri t ten  notes, RX-1199). 

S72. Akto's  Mr. van der  Lee had called Du F o n t ' s  Cr. Stan  e a r l i e r ,  

on October  10 , '1975 ,  r e q u e s t i n g  i n f o r m a t i o n  on t h e  t o x i c i t y  o f  IIMPA ( S t a n  

Dep., RX-526 pp. 21,  24-26, 52-64; Du Pont Oct. 10 ,  1975, Staa handwritten 

notes o f  c o n v e r s a t i o n  w i t h  van der L e e ,  IUS-1053; Du Pont  Oct. 10,  1975, Stam 

te lex  t o  Long, RX-1049). During this  O c t o b e r  10 ,  1 3 7 5  c o n v e r s a t i o n ,  Hr. van 

der Lee t o l d  Dr. S t a n  t h a t  "[Akzo] fiber people  had been i n  c o n t a c t  w i t h  Du 

Pont fiber people on t h e  exchange of  KEVLAR technology"  i n  what Dr. Stam 

b e l i e v e s  was "this  area of spinning  of an Aramid f i b e r  i n  which BlPT [HMPT is 

synonynous w i t h  lIf!PA1 was a s o l v e n t "  (Stam D e p . ,  RX-526 pp. 24-26, S2-64; 

RX-1053; RX-1049). D r .  S t a a  assumed t h a t  Elr. van d e r  Lee a t t r i b u t e d  h Pout's 
knowledge of the technology  exchange t o  Dr. Frans van B e r k e l ,  a s e n i o r  Enka 

o f f i c i a l  who d e a l t h  w i t h  l j i t c h e l l  on a r e g u l a r  basis  (Stam Dep., RX-526 P P o  

24-26, 63-64; RX-1053). I n  accordance  w i t h  h i s  u s u a l  practice,  Dr. Stem 

t e l e x e d  t h i s  i n f o r m a t i o n  t o  Du Pont i n  Wilmington t h a t  same day (Octo 10, 

1 3 7 5 )  a l o n g  with Zlr. van d e r  Lee's r e q u e s t  f o r  i n f o m a t i o n  (Starn Dep., RX-526 

pp. 52-65; ?i)(-lC4?) 

573, On December 1 6 ,  1975, Du ?ont.'s Dr. t . l i t c h e l l ' s  a s s i s t a n t ,  Dr. 

C.O. K i n g ,  r e q u e s t e d  t h a t  3r. Stam " i n q u i r e  o f  Xr. van der Lee of Akzo 

r e g a r d i n g  t h e i r  a l t e r n a t i v e  for "PA and any past technology  exchange 

i n v o l v i n g  such  in format ion"  (Du Pont Dec, 1 6 ,  1975, Kfng l e t t e r  t o  D e r c k , .  

W-1043; Du Pont Jan. 7, 1176 ,  E e l c k  n o t e  t o  Stam, RX-1055, Stam Dep., RX-526 '. 
i 

pp. '32,  70-72; Nftchell P e p . ,  RX-51s) p. 7 2 ) .  Du Pont "sought' a s o u r c e  who 
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supposed to know what or what i s  supposed to know what o r  what is supposed t o  

have happened here. 

Enka. 

there were contacts between other departnents a n d  Akzo or 

For example, i n  the area of polymer intermediates, [G'Pont] wanted to 

f i n d  out what kind of contact had been made." (Hitchell Dep. ,  RX-519 p. 62; 

Heckert Tr. p. 124). Dr. Stam made the requested telephone c a l l  to lk.  van 

der Lee on January 3, 1376. (RX-11481 Stam, Dep., RX-526 pp. 23, 73-76;  

Rx-1133). 

574. In the Jan. c), 1976 c a l l  flr. van der Lee "repeated t h a t  he was 

sure that there had been a technology exchange w i t h  Du Pont on this matter" 

(pa-1143; Stam DeP. , RX-526 pp. 23, 73-76). 

could not give any more detai ls  because "actually i t  was not his area" 

However he also said that he 

(Stam, 

Dep., RX-526, p. 36). He advised Dr. Stam that Du Pont "should contact other 

people i n  Akzo on this" (RX-1148; P3(-1193f. 

to Dr. King (RX-1148; Stam Dep., RX-526 pp. 37, 39-40, 73-76). Dr. Stam 

Dr. Stan telexed thfs infomUation 

believed Ilr. van der Lee when he sa id  that Akzo had nade available some 

information on this  alternativ; polymerization solvent to Du Pont for he has 

"the highest esteem for Ilr. van d e r  Lee" (Stam Dep., RX-526 pp. 34-35>. 

575. Du Pont's King f n  a February 20, 1378 report stated that "[wJe 

ave not been able to identify any transfer of infornation from a rnenber of the 

Akzo group to Du Pont i n  which information on an Akzo solvent may have been 

involved". (RX-1149). 

575. O n  b y  1 3 ,  1376, King reported to the members of t h e  Patent 

Board that he had been "unable to identify knowledge w i t h i n  Du Pont o f  Akzo'S 

substitute for KMPA," and that Pont had therefore approched Akzo directly.  

( ! ~ - l 1 5 2 )  
. .  
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577. I n  :larch o f  1?76, af ter  discussing the matter w l t h  "Eevlar"  

development people, Dr. El i tchel l  approached Akzo for further infomation on 

Akzo's alternate solent system (rlitchell  Dep. , RX-519 a t  110-113, 117-118). 

He was t o l d  that Akto's alternate system "offered better econonics" and 

llitchell  was "intereted i n  better economics" (1.Iitchell Dep., RX-519 a t  1 4 3 ;  Du 

Pont, Hitchell  handwritten notes, XU-1193 a t  TC37443). 

578. Dr. X t c h e l l  met Dr.  Frans van Berkel of Enka i n  Detroit on 

!!arch 2 4 ,  1376. 111th respect t o  that meeting Akto's van Berkel i n  a memo 

dated A p r i l  28, 1376 stated in part: 

During the meeting you and I had in Detroit on March 2 4 ,  1976 
you explained the d i f f i cu l t ies  you apparently have with the 
toxicity of the EfPT i n  your aromatic polyanide 
polymerizaticn solvent system. 
whether Enka Clanzstoff would be w i l l f n g  to license Du Pont 
under their  (future) patent and know-how. 
that I suggested that an eventual lfcense from our side could 
and should, be t h e  first step of an association of some kind.  

After having diecussed subject matter w i t h  QY colleagues T 
now infom you that we ;re w i l l i n g  t o  l icense you under our 
I:now-how, provided that you-would be w i l l i n g  t o  grant us a 
license of s in i lar  value i n  the aromatic polyamide f i e l d .  

You raised the question 

You may reca l l  

- 

Please l e t  me know whether you would agree i n  priniciple to  
this approach so that we nay s tart  working things out. 

(EX-1151) 

573. A van Berkel memo dated A p r i l  If, 1376  to  t h e  Enka Board .of 

Directors stated that Du Pont's l l itchell  had learned frm ear l ie r  discussions 

that Akzo has a s o l v e n t  which does not contain ID!PT and for  th i s  reason 

Mtchel l  asked i f  Enka would be prepared t o  sell the know-how of this  system 

t o  Du Pont. Berkel referred to patent applications f i l ed  by Enka on a 

polymerization process. 

occur i n  Germany and the ;?etherlands on August 2 1 ,  1976. Hence Berkel 

The f i r s t  disclosure of the applications was said to 

concluded by the end of August, Du Pont would know exactly what i s  involved. 
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To the board he suggested three alternatives,  one of w h i c h  was to send Du Pont 

a copy of the U.S. patent application which van Berkel favored. (CX-605). 

580. As shown by an Akzo memo dated April 23, 1976 the Enka Board 

of Directors empowered Berkel t o  give Du Pont a written answer to  the ef fect  

that Enka Glanzstoff i s  prepared €or discussions only under the condition t h a t  

they w i l l  cover the entire complex. 

the solvents, but regarding the patent question of aramids as a whole. 

(CS-532). 

Thus, not only regarding the question of  

581. According to  Dr. Flitchell h i s  dealings w i t h  Dr. van Berkel on 

Akzo' s hTlP/CaC12 solvent sys ten proceeded as f o l l O W S :  

"I do reneclber at sone point and tine having suggested a 
non-research -- I mean a non-disclosure, non-use agreement 
under w h i c h  they would make such a disclosure t o  us. 
a f t e r  that ,  this  copy of the patent application showed U P  
w i t h  a note on i t  saying that this i s  t h e  a.rea so that-we 
know what we are t a l k i n g  abour or something l ike  that. 
(!:itchell Dep., PX-513 a t  115). 

Shortly 

# 

The note from D r .  van Berkel says: - "Thought you would l ike  to see this  SO 

that we know what we talk about - F" (RX-1200; l l i tchel l  Dep., RX-513 p. 196). 

"Evidently the application was sent i n  an envelop without a cover l e t t e r  and 

addressed t o  Hitchell  narked 'Priveate and Confidential'" (IIoes Direct,  

FX-427; Hoes Tr. p. 3436). 

582.  Dr. I l t c h e l l  test i f fed that he cannot recal l  the date on which 

he.received the patent application from Dr. van Berkel, "[olnly that i t  would 

be af ter  4/28/76" (IUtchell Dep., RX-519 p.  1 3 4 ) .  

583. On June 3 ,  137fi, l l i t c h e l l  met w i t h  van Berkel and others in . 

. A r n h w  and discussed the possible disclosure and licensing to Du Pont of 
i 

Akzo's solvent. (CS-607; CX-626). At that meeting, Kitehell told van Berkel 
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that Du Pont "would be interested i n  receiving a disclosure of their solvent 

know-how under an appropriate non-disclosure and non-use agreement ....," 
(CX-626) SO that h Pont "could evalutate that technology to see if i t  was 

something that [Du Pont] wanted t o  deal with." (Mitchell, CX-483 pp. 123,  

140) 

584. *At the June 9,  197G meeting, l l i tchell  emphasized that a prompt 

disclosure was necessary I f  Du Pont was t o  consider u s i n g  Akzo's solvent, 

because Du Pont was "well along i n  [ i t s ]  program to develop an alternative 

solvent and . . . as time goes by i t  would become increasingly d i f f i c u l t  

to consfder another possibility . . . .*  (CX-626; IUtchell ,  CX-483 pp. 130, 

145).  

585. As of  the time of this  meeting, Elitchell test i f ied:  

Q A s  of June 3, d i d  you have any understanding as to whether or not 
their process included NNP? 

Q O r  calcium chloride? - 

Q Or a combination o f  the two? 

A KO. T very nuch suspected a t  Chat p o i n t  i n  t ine that i t  does not 
i n c l u d e  any of those, because I have t o l d  van Berkel when I asked if they had 
an alternate system that we were developing i n  that system D M C  and IXP w i t h  
netal halides and I said if you have something different t h a n  t h i s ,  if YOU 
would l ike  to  talk about i t ,  we would l ike  to talk about it. I am not 
Interested i n  talking about those systems, because we are already UP t o  Our 
ears I n  those systems. I do n o t  need to know anything in that area. 1 
already know something i n  that area, but Lf they have got something different,  
? would like to know about f t . 
(CX-483, pp. 142-143). 

556. Dr. Van Berkel retired from Enka i n  or about February.1377 . , 

. -  
( H i  t chel l  Dep., RX-519 p. 234; RX-1154). D r .  It itchell  reopened negothtions 
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with Akzo on January 2 4 ,  1 9 7 7 ,  through a telex to Dr. S t o h r ,  Dr. van Serkel's 

replacement at Akzo, which stated: 

"As you may know, we have been developing alternates to 
hexamethylphosphoramide for  use i n  Kevlar araaid production. 
Your company had one sone work with a potential alternate,  . 
Kmethylpyrolidone/CaCl2 mixtures, and had indicated 
willingness to license t h i s  technology to use. After sone 
preliminary laboratory work, I told Dr. van Berkel verbally 
that the advantages we saw were sufficient to warrant our 
continued interest .  T h i s  situation has changed and we would 
now l ike  to consider a license unde any patents you have, or 
have applied for, on t h i s  solvent system. We are not 
interested i n  know-how but  we would ask that you consider 
i n c l u d i n g  the results of any test ins YOU have done to 
establish the biological act ivi ty  of t h i s  system. 
please l e t  me know the terns you would ask for  such a license 
as soon as you conveniently can?" 

Would you 

(RX-1153). 

XIV. T Y !  DOI*ESTIC TKDUSTRY 

557. Du Pont manufactures "I:evlar" a t  i t s  Spruance f a c i l i t y  near 
c 

Richmond, Virgina. 

TCL, are manufactured at 3u ?ont plants i n  Louisiana and l!ew Jersey. There 

The principal ingredients used i n  naking "ICevlar", PPD and 

are no other manufacturing f a c i l i t i e s  i n  the United States utilfzed i n  the 

production of aranid fiber.  (Ileckert, CX-1, pp. 13-23). 

523.  Xhen "Kevlar" was f i r s t  offered, potential customers were not 

f a d l i a r  with the product and ready markets did not exis t .  Du Pont has had to 

create markets for  "Kevlar", and continues t o  do so. Du Pont personnel have 

identified potential end uses for which "kevlar" offers value, developed the 

technical expertise required t o  ut i l ize  "Kevlar" f o r  those end uses, and 

educated manufacturers and consumers involved i n  the end use oarkets. t o  

' 

- . '. 

persuade then to use "Kevlar". (Henry, CX-36 p. 11). 
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589, For each end use application, Du Pont has had to market 

"Kevlar" to a number of potential customers. For aost uses, severa.1 levels o f  

the aanufacturing chain stand between "Kevlar" as  a raw material and the f ina l  

product  suitable for Du Pont to market the product to i t s  direct custoners, 

who may be weavers, spinners, or oanufacturers of t i r e s ,  ropes, or . f r i c t ion  

products.  

of i t s  indirect custoners, who must decide whether to u t i l i z e  products of the 

direct customers. With each l i n k  i n  the manufacturing chain, Du Pont must 

support product and market development, provide technical assistance,  and h e l p  

develop techniques f o r  using Kevlar, 

It also has to  establish the merits o f  "Kevlar" t o  the satisfaction 

(Xenry, CX-36, pp. 11-17; CX-44) 

590. 

developed some twenty major end uses fa l l ing into three general categories: 

(1) t i r e s ,  ( 2 )  nechanical rubber goods ( i n c l u d i n g  hoses and b e l t s ) ,  and (3) 

sped a1 products, which covers non-rubber goods such as armor (hard and sof t )  , 
ropes and cables, asbestos replacement, aerospace and a i r c r a f t ,  and marine. 

Du Pont's marketing efforts  over the las t  dozen years have 

W i t h i n  these end-uses, 

Kevler. (IIenry, CX-36 

531. I n  the 

anounted to about 

there a i e  today nearly 500 different applica t i  on8 Of 

pp. 32-39; CX-332). 

period 1972-19C4, Du Pont's worldwide sales of "Aevlar" 

ni l l ion (CX-57). About ni l l ion pounds of "Kevlar" 

vere sold worldwide during t h i s  period, of which about 

so ld  i n  the United States (CX-56): 

million pounds were 

( i n  n i l l ions  of pounds) 

U.S.  - World wide 

1972 
1973 

' 1975 
1976 

1.9 7 4 

377 



1977 
1 9 7 8  
1379 
1980 
1781 
1982 
1983 
1984 

592. - E x c e p t  f o r  t h e  r e c e s s i o n  o f  1961-32 ,  sales of "Kevlar "  have 

grown s teadi ly  worldwide and i n  t h e  United S t a t e s  s i n c e  1972. (CX-561. 

Between 1?C? and 1SC4 sales of "Kevlar "  for  mechanical rubber  goods n e a r l y  

doubled i n  the United States and s a l e s  for  s p e c i a l  p r o d u c t s  more t h a n  

t r e b l e d .  

a doubling of sales for r o p e s  and cables, and o v e r  a f o u r  fold I n c r e a s e  in 

\ 

This i n c l u d e d  a t r f p l f n g  of sales of "Kevlar "  for ballistic a p p a r e l ,  

sales of K e v l a r  for  f r i c t ion  products.  (CX-58, 59, GO, 61). 

XV. EFFICfEhT AI.?: ECCNOZIXC CPCRATTCN 

Investment i n  Research  and Deve?oprnent: 

533. Du Pont has nade t h e  f o l l o w i n g  e x p e n d i t u r e s  on r e s e a r c h  and 

development, and i n  p a r t i c u l a r  f o r  product and process deve lopnent ,  f o r  

"1:evlar" (CX-25, ; CX-103): 

Year 

pre -1372 
1 9 7 2  
1973 
1974 
1975  
1 9 7 6  
1377 
1 9 7 8  
1373  

- PC PD - 
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135@ 
1981 
1952 
1383 
1984 

* includes millfon i n  RhD for PPD. 
Measured i n  1383 dollars,  Du Pont's R D expenditures have amounted to 
m i l l i o n .  (Hauimann, CX-180, p. 24). 

Investnent i n  A d v e r t i s i n g ,  Pronation and Developnent of Consuner Goodwill: 

594. Du Pont has spent the fol lowing amounts ( i n  m i l l i o n s  Of 

dollars) on marketing, advertising and publicity, and end-use research to  

develop the market f o r  aramid f iber  (CX-55): 

Advertising - Year lhrketing d P u b l f c L t y  

1375 
1976 
1?77 
1973 
1373 
1930 
1981 
1932 
1933 
1734 

End-Use 
Re sea r c h Total - 

* Excludes Du Font Lnsti tutional advertlsing featuring 
?',evlar i n  the anount of a i l l ion .  
** ExcluOes Pu Font Insti tutfonal  advertising featuring 
Kevlar i n  the amount of 

595. Du Pont enzazes i n  a variety of market development and 

advertisfng a c t i v i t i e s  t h a t  are desfgned to  create narlets  by educating 

customers about Kevlat, assist ing I n  the creation of products that use 

"Kevlar?, and pronoting products  that contain Kevlar, (Ilenry, CX-36, PP* 

11-30, s3; Keckert, CX-1, pp. 2 5 - 2 0 ,  

(. 
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536. Du Pont has had t o  create a a r k e t s  f o r  "Kevlar" .  Du Pont 's  

clarket developnent a c t i v i t i e s  include i d e n t i f i c a t i o n  of p o t e n t i a l  end u s e s  f o r  

"Kevlar " ,  development of the technology  n e c e s s a r y  t o  u s e  "Kevlar "  f o r  these 

a p p l i c a t i o n s ,  and e d u c a t i o n  of manufac turers  and consumers i n  the end-use 

markets  as t o  t h e  u s e s  of "Kevlar" .  (Henry, CX-36, pp. 11-17, 83-34). 

597. k r k e t  developnent tasks fncluded d e m o n s t r a t i o n s  Of 

Kevlar -conta in ing  products  at t r a d e  shows and support  f o r  p r o j e c t s  t h a t  engage 

the i n t e r e s t  of t h e  t e c h n i c a r  connunicy and eduate them about "ICevlar". DU 

Pont 's  K e v l a r  marketing personnel  p a r t i c i p a t e d  i n  31 trade shows in 1353 and 

24 shows i n  1954 .  (Henry, CX-36, pp. 13, 83, CX-775; CX-76). 

593. Apart from i t s  research and development group, which works on 

inprovements i n  "Kevlar "  f i b e r  and "Kevlar "  p r o c e s s i n g ,  Du Pont m a i n t a i n s  an  

end use research group o f  over  20 e n g i n e e r s  and s c i e n t i s t s  and support  s t a f f ,  

which works on new a p p l i c a t i o n s  f o r  K e v l a r .  

539. Du Pont  has a sales f o r c e  of 30 product r e p r e s e n t a t f v e s  

s t a t i o n e d  in I l f l n i n g t o n ,  Delaware, Akron, Ohio; and Los Angeles, C a l i f o r n i a .  

(Henry,  CX-36, pp. 3 3 4 4 ) .  

6W.  Du Pont a l s o  has 17 t e c h n i c a l  r e p r e s e n t a t i v e s  who i d e n t i f y  t h e  

a p p r o p r i a t e  t y p e ,  d e n i e r ,  and form o f  "Kevlar"  f o r  a p a r t i c u l a r  a p p l i c a t i o n  

and the  i n t e r m e d i a t e  "Kevlnr" product ( f a b r i c ,  spun y a r n ,  prepreg) for that 

a p p l i c a t i o n  and s u g g e s t  r n o d i f l c a t i n o  i n  p r o c e s s i n g  t e c h n i q u e s  and equipment. 

(Henry, CX-36, pp. 15-L1G, 54). . 
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601. A s  part of its technical assistance t o  users o f  "KevXar", Du 

Pont has developed a famlly of tools designed specif ical ly to machine Kevlar. 

These tools ate based on novel geometry and tungsten carbide faces and are now 

available from independent tool manufactureres. Du Pont worked w i t h  

Cinicfnnati Milicron to adopt a water j e t  system to  cut "1:evlar" and w i t h  

Bendix, CTE Sylvania, and Laser Applications to  develop a laser system t o  cut 

1:evlar coerposi tes. (Henry, CX-36, pp. 16-17). 

602. lhen "Kevlar" was f i r s t  offered, potential customers were not 

f a d l i a r  w i t h  the product and reedy markets d i d  not exist .  h Pont has had t o  

create markets for  "I:evlar", and continues to do so. 3u Pont personnel have 

identified potential end uses for which "Kevlar" offers  value, developed the 

technical expertise required t o  ut i l ize  "Kevlar" for those end uses, and 

educated manufacturers and consumers involved i n  the end use markets to 

persuade them to use "Kevlar". (Henry, CX-36 p. 11). O t h e r  potential end 

uses have been developed by customers. (IIenry, CX-36 pp. 16-26; O'Brien Dep., 

Pa-538 pp. 8 4 ,  125, 146-47 or dy AKzo I!upje PX-LO, pp. 20-26). 

6 0 3 .  nu Pont's marketing e f for t s  over the l a s t  dozen years have 

developed some twenty major end-uses fa l l ing  i n t o  three general categories: 

(1) t i r e s ,  (21 ,  nechanical rubber goods (including hoses and b e l t s ) ,  and ( 3 )  

special products, w h i c h  covers non-rubber goods such as  armor (hard and Soft) I 

ropes and cables,  asbestos replacement, aerospace and a l r c r a f t ,  and narine. 

Ilithin these end-uses, there are today nearly 500 different applications Of Ke 

vlar. (Henry, CX-36 pp. 32-39; CX 392). 
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l!odern Production Equipment and F a c i l i t i e s  

6 0 4 .  Du Pont began production of “Keviar“ i n  Rovember 1371 a t  MDF-1 

(market Development F a c i l i t y )  f n Spruance, Virginia,  

to b u i l d  and had a nameplate capacity of 300,000 pounds p e r  year. 

2.fDF-1 cost  $4.1 rn i l lhn  

(Ileckert, 

cx-I, p. 12, CX-8, CX-9)- 

605. An expanded f a c i l i t y ,  HDF-2, went on l ine  in 1974 a t  a cost  o f  

(I!eckett, $17.4 nf l l ion.  IIDF-2 had a nacleplate capacity of 6 mill ion pounds. 

cx-1, p. 12; cx-10; a-11). 

606. Du Pont expanded the capacity of IIDF-2 t o  9 m i l l i o n  pounds per  

year i n  1976, and i n  1375 t o  15 mill ion pounds per year. 

I ? ;  CX-14). 

(Heckert, CX-1, P. 

607. Constuction of the comer&al f a c i l i t y  pounds annually was 

approved i n  :lay 1973. This f a c i l i t y  began production i n  l a t e r  1382; it8 

present ef fect ive  capacity Is approxfmtely 

(I!eckert, CX-1, pp. 19-22; CX-15; CX-647; CX-647A). 

mill ion pounds a year. 
i 

603. Expansion of  the Kevlar production f a c i l i t y  t o  commercial 

s c a l e  required expansion of  the ingredients f a c i l i t i e s .  A plant t o  produce 

FPD vas b u i l t  at Pontchartrain in La Place,  Louisiana i n  1982 a t  a c o s t  of 

mil l ion .  (IiecLert, CX-1, pp. 20-21; CX-16; CX-17). A new f a c i l i t y  t o  

produce TCl was completed i n  1181 at  the ‘Chambers Works fn Deepwater, New 

Jersey a t  a cost  of m l l l i o n .  (Iieckert, CX-1, pp. 20-21; CX-IS). 

603. Both the Pontchartrain and Chambers Uorks f a c i l i t i e s  have . 
capacf ty to produce 1 ngredi ent s ‘ required for n i  llion pounds of “Xevlar” Per 

year. (Ilenry, CX-36, p. 73) .  
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610. "Kevlar" is manufactured at a state-of-the-art nanufacturfng 

f a c i l i t y  i n  Spruance, Virginia that uses advanced naterials  and processes f o r  

handling the highly  corrosive ingredients necessary t o  manufacture "Kevlar". 

(IIeckert, CX-1, p. 23). 

611. The manufacture o f  "Kevlar" requires a signif icant .capital  

investment. llany o f  the chemicals that are used in the process, such  as 

sulphuric acid,  are extremely corrosive. The f a c i l i t i e s  accordingly require 

expensive materials, such as h i g h  quality s ta inless  s tee l  and tantalun. 

(Heckert, CX-1, p. 11). 

612. Sophisticated computers control many aspects of the production 

process at Spruance,' and the entire process is  h i g h l y  automated. (Eieckert, 

CX-1, p. 23 ;  C?X-1). 

, 613. Both ingredients plants -- i n  Louisiana and New Jersey - 
incorporate the la tes t  technological advances and the e f f i c ient  processes for 

nanufacturfng PPD and TC1. (IIeckert, CX-1, a t  23-24). These plants are 

h i g h l y  automated w i t h  centralizkd computer nonitoring to control t h e  

Rnnufacturing process. (Henry, CX-36, p. 77). 

614. Du Pont's investment i n  physical f a c i l i t i e s  to produce 

"Kevlar" a t  Spruance, t h e  required ingredients PPd and TC1 and Louisiana and 

l!ev Jersey, and the working capita l  necessary to operate these f a c i l i t i e s  are  

shown i n  the following table in ni l l ions  o f  dollars  (CX-24): 

comni t t ed 
Pernanert Constuction llork i ng 
F a c i l i t i e s  FunOs mpi t a1 Total - - 

Spruance F a c i l i t i e s  
X l  F a c i l i t i e s  
PPC F a c i l i t i e s  

353 



Inprovenent Prograns :  

615. Du Pont has made a series of i n p r o v e a e n t s  i n  i t s  "Kevlar "  

product ion  p r o c e s s .  

t h e o r e t i c a l  c a p a c i t y  t o  s p i n  1500 d e n i e r  "ITevlar" f i b e r  a t  pounds per  hour  

per spinning  p o s i t i o n ;  machines i n s t a l l e d  i n  :iCF-2 i n  1 3 7 3  had a c a p a c i t y  of 

about 

insta l led at  MDF-2 i n  1 9 7 6 ,  had a c a p a c i t y  of approximate ly  

per p o s i t i o n .  (Henry, CX-36, p. 76). 

When IIDF-1 opened i n  1?72, i t s  s p i n n i n g  machines had a 

pounds p e r  hour p e r  p o s i t i o n ,  the t h i r d  g e n e r a t i o n  of machines ,  

pounds per hour 

616. The p r o d u c t i v i t y  of  Du Pont's p o l y n e r i z a t i o n  unit has a l so  

been improved. 

w i t h  13 o p e r a t o r s  required p e r  s h i f t .  

pounds per hour, w i t h  the same nunber of o p e r a t o r s .  

i n  t h e  Spruance c o m n e r c i a l  fac i l i  Cy has a n  a v e r a g y ,  product ion  r a t e  of 

pounds per hour and r e q u i r e s  only 7 o p e r a t o r s  per shift. 

The product ion  ra te  a t  KDF-2 i n  1973 was pounds per h o u r s ,  

f n  1?78, the product ion  r a t e  was 

The p o l y m e r i z a t i o n  unit 

(Henry, CX-36, P. 

., 77)* * 

617. Pu Pont o p e r a t e s  its S p r u a c e ,  P o n t c h a r t r a i n ,  and Chambers 

Uorks p l a n t s  using f o u r  shifts around t h e  c l o c k ,  seven days a week, 365 days 

p e r  year, i n  o r d e r  t o  g e t  t h e  most o u t  of i t s  c a p i t a l  Inves tment .  ( U e c k e r t ,  

G15. I n  1 9 3 2 ,  Du Pont i n s t f t u t e d  a c o s t  r e d u c t i o n  program. 

Programs t o  improve sp inning  c o n t i n u i t e  and t o  r e c o v e r  waste yarn for 

r e p r o c e s s i n g  into 1:evlar pulp have yielded over  $10 m i l l i o n  i n  savings s i n c e  

1902. These two prograns ,  t o g e t h e r  w i t h  prograns to  r e c o v e r  waste by 

rewashing polymer and by c o n v e r t i n s  s o l u t i o n  waste, are expected  t o  y i e l d  

about $33 nlllian!:: c o s t  s a v i n g s  from 13C5 t o  1329.. (!:enry, CX-36, P o  75).  
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Employee B e n e f i t  Progrons: 

619. Du Pont enploys  i n  t h e  "Kevlar "  b u s i n e s s  h l g h l y  s k i l l e d  

workers, many of whom hold advanced e d u c a t i o n a l  degrees. 

24) . 
( I f e c k e r t ,  CX-1, a t  

620. Du Pont provides  generaous salaries and benefits t o  such  

employees and c r e a t e s  o p p o r t u n i t e s  f o r ' s t o c k  ownership. 

Du Pont matches $0.50 of every  dollar  o worker s a v e s  up t o  s i x p e r c e n t  of his 

or her salary; a t  least one-half  of  the Company's c o n t r i b u t i o n  i s  i n v e s t e d  in 

Du Pont s t o c k  v i t h  inves tment  o p t i o n s  a v a i l a b l e  f o r  the remadnder. Employees 

nay withdraw s t o c k  and funds from t h e l r  s a v i n g s  a c c o u n t s  a n n u a l l y  and,  after 

v e s t i n g  ( i n  f i v e  years), may withdraw the t o t d .  Du Pont a l s o  funds  a stock 

Unde a s a v i n g s  p l a n ,  

t r u s t  fund f o r  

(Izenry, CX-36, 

621 . 
Pon t c ha r t ra i n , 
CX-1, pa 24). 

622 . 

employees pursuant to  the Tax Reform Act S t o c k  Ownership Plan.  

PP. 31-32; CX-73; CX-21). 

Each p l a n t  involved  i n  K e v l a r  manufac tur ing  -- S p t u a a c e ,  

Chambers Uorks has a workplace safety progran. (Hecker t ,  
- 

bu Pont provides  i t s  employees w i t h  a v a r l e t y  of health,  

dental,  d i s a b i l f t u ,  l i f e  i n s u r a n c e ,  and pension benefits .  (Eenry ,  CX-36, PP* 

$ 1 4 2 ;  cx-73). 

623. bu Pont ' s  s a f e t y  r e c o r d  a t  t h e  Spruance p l a n t  i s  twenty times 

better  t h a n  n a t i o n a l  average  f o r  the chemical i n d u s t r y .  As  of the end of 

1784D the Spruance plant  had goone about 3 years -- more than 13 a i l l i o n  

man-hours - without  a l o s t  workday due t o  i n j u r y .  ( H e c k e r t ,  CX-1, PO 2'). 

624. The Spruance p l a n t  hs q u a l i f i e d  for and received every  award . 

. .  
o f f e r e d  by the 1 :a t iona l  S a f e t y  Counci l  and ' t h e  V i r g i n l a  Safety Counci l .  

(lIeckert, CX-1, p. 242). 
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Q u a l i t y  C o n t r o l  

625. Du Pont c o n t r o l s  the q u a l i t y  o f  "!:evlar" a c c o r d i n g  t o  strict 

s tandards .  

The p o l y m e r i z a t i o n  process has computer feedback  c o n t r o l  t o  r e g u l a t e  feed 

rates, power, t emperatue ,  and c o n c e n t r a t i o n .  

are a l s o  n o n i t o r e d  c a r e f u l l y  for t h e  s o l u t i o n  o f  t h e  polymer and t h e  sp inning  

of the polymer i n t o  f iber .  

t o  ensure  t h a t  i t  meets a l l  s p e c i f i c a t i o n s  and f o l l o w s  a system that e n a b l e s  

i t  t o  trace e a c h  bobbin o f  f i b e r  back t o  i t s  p r o d u c t i o n  cycle should  any 

q u e s t i o n  ar ise  dur ing  a customer's  u s e  of Kevlar .  (Henry, CX-36, pp. 82-83). 

The i n g r e d i e n t s ,  PPI) and TC1, must o e e t  s t r ic t  s p e c i f i c a t i o n s .  

Temperature,  p r e s s u r e s  and speed 

Du Pont a n a l y z e s  the f ina l  "Kevlar "  f i b e r  produced 

P r o f i t a b i l i t y  

626. A s  of the  c l o s e  o f  1984, Du Pont 's  "Kevlar"  business has not 
? 

operated  at a p r o f i t .  ( I f e c k e r t ,  CX-1, p. 29; Henry, CX-36, pp. 71-72; 

hausman, CX-180, pp. 24-25 ;  Neckert, Tr. 177). 

627. Up through 1334, Du Pont has  n o t  earned any r e t u r n  on i t s  

nillion i n v e s t n e n t  in !:evlor p l a n t  and equipment fac i l i t ies  or t h e  a d d i t o i n a l  

(l lausaan, n i l l i o n  in research and developnent and market ing  Investment.  

CX-180, p. 24; CX-1E3). 

628. Du Pont e x p e r i e n c e d  i t s  first p o s i t i v e  c a s h  f l o u  from the 

"Kevlar" b u s i n e s s  in the f o u r t h  q u a r t e r  of 1953. (IIenry, CX-36, p. 7 1 ) -  

629. I n  1?,74, T e v l a r "  e u s t a f n e d  a loss, but g e n e r a t e d  i t s  f i rs t  

full-year p o s i t i v e  cash flou. (1:eckert , C'x-I, p. 29). 

6 3 0 .  Du Pont's cumulat ive  loss  on i t s  "Kevlar"  business t h o u g h  

1n84 is almost million. ( t k c k e r t  CX-1 p. 29).  

336 



631. Du Pont e s t i m a t e s  t h a t  i t  w i l l h a v e  p o s i t i v e  net o p e r a t i n g  

earings f o r  1 9 8 5  (Heckert, CX-1, p. 29). 

632. Du Pont  has found that i t  r e q u i r e s  a number of years t o  

a c h i e v e  p r o f i t  (I on s u c c e s s f u l  high t e c h n o l o g y  ventures .  

f irst  p r o f i t  for  Du Pont  15 years after i t  was invented .  

p o l y f l u o r o c a r b o n  ' f i l m  d i d  not  e a r n  a p r o f i t  u n t i l  24 years af ter  its d i s c o v e r y  

and 10 years a f t e r  commercial  p r o d u c t i o n  began. 

turned a p r o f i t  13 years a f t e r  d i s c o v e r y  and 5 years after  sa le s  began. 

"Kapton" poly imide  f i l m  was not produced commerically u n i t 1  e i g h t  yeare after  

d i s c o v e r y .  

Neoprene produced i t  13 

" T e d l a r " .  

" D e l r i n "  acetal  r e s i n  f irst 

( I l e c k e r t ,  CX-1 pp. 29-30). Du Pont  also i n v e s t e d  o v e r  $120 

m i l l l o n  i n  t h e  1960s i n  "tlornex" which d i d  not  g e n e r a t e  a p r o f i t  u n t i l  n i n e  

years af ter  market development began. (Henry, CX-391 pp. 33) .  As extended 

i n t r o d u c y o r y  period i s  u s u a l l y  r e q u i r e d  ti d e v e l o p  a p r o f i t a b l e  market for 

i n n o v a t i v e  p r o d u c t s  t h a t  , lf c k e  " Y a v l a r " ,  require p o t e n t i a l  cus tomers  and 

u s e r s  to learn about  a n  e n t i r e l y  new type of material. (Thomas, CX-133 pp. . 

1 1 - 1 3 ,  23-2G) 

. 
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Substant ia l  I n j u r y  

633. Du Pont opened i t s  f i r s t  Harket Fevelopnent F a c i l i t y  ("IFF-1") 

designed to produce Kevlnr, i n  1371 and i n  1382 opened i ts  f i r s t  c o m e r c i a 1  

?!evlnr f a c i l i t y .  ( ~X -36 ,  p. 73). 

634. Du Pont's present a c t u a l  production capaci ty  i s  nore t!ian 

n i l l i o n  pounds per year. (CL-~ ]  p .  22). 

435. The fallowing tahle  represents  Du Pont's U.S. 1:evlar s a l e s  f o r  

1??+1??14: 

636. Gevlar Is  enterinp, a grovth phase o f  developnent characterized 

by a sharp increase  i n  s a l e s ,  the energence o f  a vide var ie ty  of s p e c i f i c  

em?-use r q p l i c a t i o n s  a n d  t!w entrance  of conpet i t ion.  (';lianas, CX-133, pp.  

637, "ucause substant ia l  t i n e  and knovledge are  needed by both the 

innovator and i t s  ctistoners hefore  end uses are developed and purchases w i l l  

he nade, aramid fiber is a "liir,h learnlna"  innovation. (';hornas, CX-1?3, pP'= 
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635. Approxi rate ly of a l l  sales o f  T:evlar occur i n  the !r.S. 

(!:enry, ~ ~ - 3 6 ,  P *  63)- 

639* Du Pont's norketing efforts  over 'the lost  dozen years have 

developed some twenty major end-uses fal l ing Into three general categorles: 

(1) t i r e s ,  ( 2 )  mechanical ruFber eoods (including hoses and be l t s ) ,  and ( 3 )  

special products, w h i c h  covers non-rubber goods such  as amor (hard nnc! soft!, 

ropes and cables, asbestos replncenent, aerospace and a i r c r a f t ,  and narine. 

Within these end-uses, there are today nearly fPn different applications of 

f:evlar. (tfenry, CX-35, pp. 17, 32-?"; cx-59; cx-s?; c;:-63; cy,-332). 

64C. Du ?ont engages i n  a variety of market development ann 

advertisfng ac t lv i t i es  that are designed to create markets by educating 

customers about !:evkr, assisting in the creation of products that use !:evlar, 

and pronoting products that contain Yevlar. (IIenry, CX-36 pp. l l - 3 @ ,  33; 

i:eckert, CX-1 pp. 25-2'). 

641. Pu Pont's norl:et Cevelopnent act fvf t ies  include identification 

of potential end uses f o r  I'evllr, developnent of t h e  technology necessary to 

use Eevlar for these applfcntions, an4 education of nmnufacturers and 

consumers i n  the end-use narkets as to the uses of ':evlar. (tienry, CX-36 PP- 

11-17, 1?3-74). 

642. 312 aanufacturfng chain for Yevlar-containing products 

requires that T?u Pont enzoge In nartet development a c t i v i t i e s  at each l i n k  i n  

the chain: 

f inishers ,  cutters, o r  "prepreggers" who work on the fa>ric, t h e  mnufacturers 

t h e  weavers an+ spinners vho create fabric out o f  Kevlar, other 

who w e  the fabrfc t o  proc?i.icr a product, ant! the ultlnate consuner \rho 

aurchascs the ':evlar-co2tnininz product. (::enry, CX-26, pp. 11-14; CX-44) 
. .  

6/42. :lost of t!ie 'Jeavers, sphners ,  and other nanufacturers who 

purchase ?'.evlar require t!,at t he  Yevlar "qunlify", that l o  meet t h e i r  



s p e c i f i c a t i o n s ,  which Is  usually a the-consuaing and c o s t l y  process. Any 

modification i n  the properties or process of aoliing T:evlar ordinarfly require 

requalif ication.  (f!enry, CX-36, F. 12). 

6 4 4 .  lrclrket developnent tasks include demonstrations of 

!:evlar-containing products at  trade shovs and support for projects  . that  engage 

the i n t e r e s t  of the technical connunity and educate them about Cevlor. 

(iienry, ~ ~ - 3 6 ,  pp. 13, 33; ~ ~ - 7 5 ;  ~ ~ - 7 6 ) .  

6 4 5 .  The market develo2nent a c t i v i t i e s  in w h i c h  Pu Pont has engage& 

include b a l l i s t i c  apparel (bullet-resistant  vests  and mili tary helmets) , 
passewer t i r e s ,  and a i r c r a f t  composites, in which. Itevlar i s  combined with 

other materials i n  making certa in  parts of  airplanes,  

end-uses took at  l e a s t  f i v e  and usually c loser  t o  ten years before commercial 

I!ork in each of  these 

sales  were ac3ieved. (I!enry, CX-36, p'p. 1?-30)- 

045 .  Du ?ont has spent the following amounts ( i n  mil l ions of 

3ollars)  on narketing, advertisins and publicity,  and end-use research t o  

develop' the narket f o r  aranic! giber (CX-55)" 
- 

Year 

1975 
1"6 
1377 
1078 
lf77 
133c 
1331 
1322 
1323 
1334 

- Itarketi ng 
End Use 
?.e s ea r ch Total - 

. .  * Records n o t  nolntnined f o r  these years. i *+ 
o f  ni l l fon.  *** 
o f  I 

Excludes nu ?ont i n s t i t u t i o n a l  advertisin€ featuring 1:evlar trt the anount 

r ~ l u d c s  I3u Font i n s t f t u t i o m l  advertising featuring 1;evlar in the acount 



6 4 7 .  In 1 O 7 7 ,  Akzo estatlfshed an aramid f iber  p i l o t  p l a n t  to 

produce aranid f ibers  f o r  testing and sampling purposes. 'fhe design capacity 

of this  facility i s  approxinately 100 metric tons. (Zenpelin, XX-7, pp. 4-5; 

Van de Ven, CX-89, pp. 9-lO)e 

648. Akzo's pilot plant currently produces approximately ?? metric 

tons of aramid f iber  per year which are distributed In !Jestern Europe, the 

U n i t e d  States and other countries i n  sample quantities prinarily'to enable 

potential customers t o  test  the technical properties of the product. 

(Zenpelin, RX-7, pp. 4-5).  

649. C n  :&rch4, 1?33, Enka and the !:C?lI, entered into  an agreenent 

to establish a jo int  venture to  manufacture and s e l l  aranid f iber .  (I"-1109)- 

650. As of ]!arch 4 ,  1783, :Tomarfde 3.V. ,  a subsidiary of NOM, and 

Enka Aranide E.'.'., a subsidiary of  Enka B.V., entered into an agreement 

estahlishing a partnership under the name Aranide :hatscheppij v.0.f. 

("Ararni ") (r?,.:-lW!). - 
651. By and througK h-ami, f a c i l i t i e s  for tlie production of aranid 

f ibers  i n  connercial quantltfes are currently under construction in the 

Xorthern 1:etherlands. At Delfzijl, a c i t y  located on the North Sea, three rav 

material p l a n t s  inclurlfn,q a polynerizatjon plant are belng built. 

vi11 be transported by truck to t:ie sv inn ing  f a c i l i t y  being built  i n  Ennen. 

me p o l p e r  

There w i l l  be three production lines for the s p i n n i n g  of yarn at the h n e n  

f a c i l i t i e s .  (I".enpelfn, ?:;-7 p.  5 ,  Zapel in  Tr. p. 1535). 

652. Thysical construction a c t i v i t i e s  at the bnen and h l f z f j l  

s f tes  are currently in progress and lt f s  anticipated that production of ' 

aramid fibers w i l l  connence i n  Cctoher 1935. 

Tt. pe lS39). 

(i!fsnan, Tr. p. 2 5 n 6 ;  :enpelin, '. 
. .  
L 



653. Akzo has been s e l l i n g  i n d u s t r i a l  f i b e r s  t o  the t i r e  industry,  

the nechanical  rubber goods industry,  the ropes and cab les  industry.and the 

i n d u s t r i a l  f a b r i c s  i n d u s t r y  for over t h i r t y  years (Eroekmeyer, FA-!3 p. 4). 

6 5 4 ,  Akzo began narlceting a c t i v i t i e s  o f  i'uaron i n  the U.S. 

sometime after  1382 after  the Arani pro jec t  was approved. (Eroekmeyer, T r .  p. 
# 

3122) 

655. The o b j e c t i v e  of A~ZO'S marketing i n  the United S t a t e s  i n  

the past few years has been t o  advise the market o f  i t s  proposed e n t r y ,  and t o  

learn  aahout the market's requirements. (Broekneyer, Tr. p, 3122). 

656. Akzo's goal is to rece ive  the necessary approval of 

individual  customers f o r  al laend uses o f  'iwaron. Depending on t h e  end use and 

the customer, t h i s  process o f  approval may take fron a few months up t o  more 

t h a n  one year. (P.X-1806, p. E 700n63). - 
657 .  Akzo's  a i n  i s  to achieve "tentative'approval  of ... p i l o t  

plant products, res i l l t ine  i n  f a s t  f i n a l  approval once the  Emmen production 

becoaes 'avai lahle . "  (CX-LCfM, 'p. C7Cnn63). 

h5n. Cne of .lkzo's o b j e c t i v e s  i n  the Vnlted S t a t e s  is t o  gain  

approval of i t s  product so that  i t  w i l l  be ready to s u p p l y  Twaron i n  

commercial q u a n t i t i e s  vhen Akzo begins connercia l  production a t h e  end Of 

1??5. T h i s  period is heing used t o  enable custoners to  qual i fy  Akzo's 

production before  3mron is a v a i l a b l e  i n  connercfal  q u a n t i t i e s ,  

fr. p. S125).  

(BroekmeYer, 

559. I n  the pending conplaint  f i l e d  i n  the !Jestern n l s t r i c t  of 

I!orth Carolina ( C i v .  ?lo. A-C-!3?-3!lS), si nee transferred t o  Delaware, Ed:a 

s ta ted  that :  
- .  . 

Cnka plans t o  s e l l  7nka Aranids i n  l a r g e r  quant i t i es  i n  
the na jor  Industr ia l  countr les  including t 5 e  United S t a t e s ,  

59': , 



and i n  the Deanwhile F,nl:a has been, is and will continue to 
s a c p h  and s e l l  q u a n t i t l e s  o f  fnka Aramids made i n  i t s  
seoi-works t o  custoners  i n  the U n i t e d  S t a t e s  and e l s e w h e r e ,  
f o r  the purpose o f  encouraging them t o  becone large-sca le  
users  of Enka Aramids as soon a s  l a r g e r  production 
q u a n t i t i e s  becone a v a i l n h l e ,  (Conplaint a t  paragraph 12) .  

(Eenry, CX-36, pp. 58-57]. 

6 6 0 .  S t a r t i n g  i n  1%??, Akzo has "stepped u p  [ i t s )  a c t i v i t i e s  i n  the 

S t a t e s "  by " sys temat ica l ly  widening"  i t s  aarket ing  e f f o r t .  

e f f o r t  included "contact  w i t h  key conpanies i n  almost a l l  important end-use 

This  increased 

sec tors . "  (aroekneyer,  Tr .  p. 3 1 2 2 ;  P.X-lS@S p. EL33757)- 

661. Akzo has tr ied to widely cover the U.S. aranid f i b e r  market. 

It has v i s i t e d  many conpanies w h i c h  could o r  night  use aramid including 

conponies producing t i r e s ,  oechanical  rubber goods, ropes,  f i s h i n g  nets,  

weavers and prepreqgers.  (Rroekneyer, Tr. p. 3126) 

462. In the l a s t  quarter  of 13S3 American Xnke Company, an 

o p e r a t i n g  company o f  Zespondent Akzona Incorporated,  became the sole 

d l s t r i b u t o r j i n p o r t e r  o f  the ind,ustrial f i b e r s  marketed by Enka i n  the United 

S t a t e s  and CanaGa. In addit ion t o - a r a n i d  f i b e r s  tllese i n d u s t r i a l  f i b e r s  sold 

by %!ia i n  t!ie Vnlted S t a t e s  include rayon, p o l y e s t e r ,  polyanide 6, polynide 

Fcpartnent o f  Anerican A n l a ,  vhich i s  responsible  f o r  the marketing of a l l  of 

these  i n d u s t r i a l  f i b e r s  I n  the  United S t a t e s  and Canada, consis ted Of 

people i n  addition to  i n  1??3: market i ng 

r e p r e s e n t a t i v e s ;  In January 

1qC4 (R:; - l?X;  Cot ton, CX-104 pp. 

6-15), 



663. Zie t o t a l  budget for  Anerfcan Enka's Industrial Yarns Product 

S a l e s  Departnent f o r  1934 was a p p r o x i n a t e l y  and i s  planned for 1935 

at  approximately (CX-376, p. 3; Cil-377, p. 2 ;  ? ! i j l a n d ,  CX-374, pp. 

73-86) 

664. Akzo has l i s t s  of U.S. p r o s p e c t i v e  customers t o  vhom i t  has 

shipped saaples of i t s  aranid product and a t t e n p t e d  t o  cain approval .  

(Croekneyer , T r  . pp. 3127-30) . 
665. Akzo salesmen are taking o r d e r s  for Twaron for d e l i v e r y  v i t h f n  

a four-week period and not longer  term ( S h o r t e r ,  CX-228, pp. 31-32). 

666. The fol lowing t a b l e  r e p r e s e n t s  Akzo shipments o f  aramid fiher 

t o  the C.S. f o r  133?-1nC3: 

1?R(! - 
lbs. 

1n32 - 
lbs. . 

19n3 - 
lbs. 

667. Clf the  pounds of aramid f i h e r  shipped by Akzo I n  1333, 

E41C1126). 

663 . 
Pont.  (CX-642, pp. 2, 3, 12-21), 

, (CX-179 p. 

are both aramid fiSer customers of nu 

663. As of T?e+rmry, L3C4 Akzo had !>oo?ied Ibs. o f  aramid 

f i b e r  s h i p m e n t s  t o  t1.e IT.?. f o r  leR4.  (CX-54GS p. 7 4 ,  answer t o  i n t e r r o g a t o r y '  . . .  
. .  . . .  

. no. 10; CX-170, p. r4lnl!!?). i 

3P4 



677. Cf Akzo‘s customers for whom shipments were booked i n  lnef+, 

(CX-170, p. T: 41C127; CX-G42) .  

671.‘ I n  the U.S. t i r e  i n d u s t r y ,  Akzo has provided htaron i n  sanple 

quantit ies  t o  

It has discussed Waron 

as wel l ,  with potent ia l  custoners. (Broekneyer, T r .  p. 

3132; CX-170, pp. 2, 3; CX-642). 

672. hlczo has received approvals f o r  i t s  

from some potential  custoners;  approval has not been received for some of its 

new n a t e r i a l s ,  such as the , because they 

require a long-tern developnent. (Broekneyer , Tr. pp. 3132-33) 

573. Akzo 33s shipped >aron t o  at least  prospective customers 

in tho I ’n i ted  S t a t e s ,  as sbown i n  t!ie following list o f  customers derived from 

t h e  exhibi ts  indicated: 

Cus toner cx Yo. - Page Xo. 

. .  

345 





* 1:s: none shown 
h 

674.  A comparison of the companies identif ied as 

having received Twaron sanples w i t h  Du Pont's 1334 Custoner l i s t  (CX-642) 

shows that at 

not on t h e  h 

least  of the companies who received samples of Twaron were 

P o n t  1934 "Kevlar" customer l i s t .  

G75. Akzo shipped apptoxinately n e t r i c  t o n s  o r  

15s. of aranid f l b e r  to t h e  U.S. i n  1384. (Zroekmeyer, PX-3, P 6; Broelcmeyer, 

Tr. 311?-3121), 

67'5. Cne a e t r i c  ton equals 2 , 2 0 4 . 6  lhs. (Ilausnan, Tr. p. ?lo?). 

677. From 1930-1334 Akzo shipped (excluding f-iber which the record 

indicates was "booked" in 1134) approxinately 

.. f iher  i n t o  the 1Y.S. (I'F (166, G7.5). . 

l b s .  of aranid 



f)??. Expressed as a percentage o f  Pu Pont's U.S. aramid f i h e r  sa les  

from 1-33-1QF14, Akzo's shipnent of aranid f i b e r  f o r  the same period. (excluding 

the 

approximately 

from 1980-1384. ( lhs. (Yr? 677)/42.1 m i l l i o n  Ihs. (FF 635); . lbs. 

lbs. of f i b e r  "booked" i n  1?S4 (FF 663) represented between 

and of aranid f i b e r  sold or distributed in the U.S. 

( F P  677)/43.1 mfflion l b s .  (FF 635). 

573, Cxpressed as a percentage of nu Pont's U . S .  aranid f i b e r  sa les  

from 1n30-lW4, Akzo's shipment of aranid f i b e r ,  as well as the vOlUne of 

aranid f i h e r  "booked" by Akzo i n  1W4 represented between approximately 

and o f  aranid f i b e r  sold o r  distributed i n  the 1J.S. from 1n3f+1934* 

( 11s. (X' 6 7 7 )  f lbs. (IT I,G3))/41"..1 m i l l i o n  lbs. (FF C35); 

lbs. .i- lbs (IT ( , 6 3 ) ) / 4 2 . 1  n i l l i o n  lbs. (FF 2)). 

, fm. 
(Dunderdalc, 

CX-173 pp. 62-63) .  

' 631. An Akzo narLetK'n2 representative ohtained fron the plant 
- 

nanaSer o f  a Pu Pont customer, , information on 

the narket for aranld f i b e r ,  the structure of that market, 

and the i d e n t l t l e s  o f  other I!u Pont custoners. (CX-176). 

fiP2. rY:zO'S s c t i v i t f e s  i n  the United S t a t e s  narket  have provided it 

with ready access to  such narket fnformtion a s  the structure an$ needs Of the 

mrket  and the aramid fiber proc?ucts required t o  s a t i s f y  those needs. Akzo 

has thereby gained t h i s  infornation a t  low cost. (Thoaas, CX-U?, pp. 34-35; 

Thonas, Tr, pp. 1*75-I?N1). 

683. nu ?ant's expert tvitness on narketin2, Dr, Robert T h c m s ,  has 

eotlnnted that  if A!:zo c a p i t a l i z e s  on 102 o f  Pu ront's expenditures on 
L 



aarketing, the value t o  Akzo cf the nar1:et information i t  has obtained is $6  

n i l l i o n .  If these costs  were added to  Akzo's other c o s t s ,  i t s  price structure 

i n  competing with Du ?ont night he di f ferent .  3y saving these c o s t s ,  Akzo 

obtains a competitive advanraze over Du Pont. (Tionas, CX-133 p. 35; Thonns, 

Tr. pp. 1919-19). 

684. Professor Thonas t e s t i f i e d  that i t  i s  d f f f i c u l t  to  place an 

* accurate dol lar  value on t h e  magnitude of "information losses"  t o  Du P O * t .  

(Thonas, CX-133, p. 35). 

685. Professor Thonas t e s t i f i e d  that Akzo's narketing a c t i v i t i e s  

have l i k e l y  lengthened the purchase process of  customers who a r e  considering 

buying Kevlar, postponin:: the real izat ion of s a l e s  of Kevlar and that  the 

presence of two potential  suppliers would tend to  generate lengthy 

negotiations. .(Thomas, CL-133, pp. 35, 36). 

635. Professor Tlioaas t e s t i f i e d  that he d i d  not know of any present 

3u Pont customer who has delayed na1:ing a purchasing decision for aranid f i b e r  

because' of Akzo's sampling a c t f v f t i e s .  (Thonos, Tr. p. 1876). 

637. Richard C.  Eleckert, V ice  Chairoan o f  the Board and chief 

Operatfn:: Officer of Pu Pont t e s t i f i e d  that he had no specif ic  knowledge of 

any Du Pont customer rthich nay have derred purchases of ?:evlar i n  anticipation 

of Akzo ' s  entry into the U.S. (::ecltert, Tr. p. 3 W ) .  

6%. Du P o n t ' s  Alternate Strategy analysis is, t o  some extent ,  

intended to aid Du Pont i n  desi2ning aarket s trategies .  (Henry, CX-36, p e  63). 

683. As part o f  ?u Pont's l T 4  Alternate Strategy analysis, Fu Pont 

deternined t o  aael iorata  tlle impact of , I ~ z o ' s  market entry by expediting 

previously planned research and developnent ,aork and increasing Du Pont 's .  C.S. 
. .  

marketing a c t i v f t i e s .  

m i l l i o n  w i l l  be nade i n  the years 1 9 5  t o  l(rn0, (i:enry, CX-36, p. Cq). 

The resulting additional expenditures o f  aboutL$2rJ 



670. Du ?ont would have increased i t s  research and development 

expenditures a n d  marketing resources  whether Akzo entered the  U . S .  market o r  

not. (IIenry, Tr.  p. 1031, 1323-40). 

631. Thonas F. O'Brien, Jr.,  Croup Ylanager o f  Harket nevelopment 

for Du Pont 's  I n d u s t r i a l  F ibers  T i v i s i o n  t e s t i f i e d  t h a t  the p o s s i 5 i l i t y  that  

9u Pont customers nay purchase Twaron ra ther  than !:evlar d i d  not e n t e r  l n t o  

his planning and that  noSody lint! expre'ssed concern t o  hin that  s a l e s  would be 

l o s t  to  iwaton. ( C ' k i e n ,  X:;-532, pp. 2 5 ,  26). 

673. Ilr. O'Erien t e s t i f i e d  that  he d i d  not consider Twaron t o  he 

e i t h e r  an a c t u a l  conpetf tor  o r  a p o t e n t i a l  c o n p e t i t o r  i n  1?85 t o  1330, o f  

?:evlar i n  ropes and c a b l e s  o r  gaskets .  ( O ' B r i e n ,  RX-538, P o  2710 

W3. Robert C. Forney, Executive Vice Pres ident  of Du Pont,  

t e s t i f i e d  that  t o  d a t e  Akzo's  sale of aranid f i b e r s  i n  the U.S. has not 

ln jured Cu ?on& i n  any way. ( rorney,  PX-fOfi, p. 157). 

634. T.obert A ,  L'ilson, nu Pont's !tanager f o r  the rubber industry  

market, '  t e s t i f i e d  that  to date  'the success  o f  the  rubber industry  marketing 

group's e f f o r t s  w i t h  1:evlar have not been i n j u r e d  by Akzo's sanpling of 

Coodyear with aranid Fihers.  ( I ! i lson,  RX-541, pp. 176-177). 

695. Sdward F. ::oran, Vice President Corporate Development f o r  

Pont Canada since July 1 ,  1X4 ,  was Yarketing Direc tor  o f  I n d u s t r i a l  F i b e r s  

r l v i s i o n ,  DU Pont fron December, 1 3 2 2  through June, 1934. 

t'lat he had no knowledge o f  any adverse consequences upon Du Pont's Kevlar 

sales as a r e s u l t  of Akzo's s a l e  of >aron up t o  the t i n e  he began t o  work f o r  

Du Pont Canada. (Iloran, R::-52", pp. 145-146). 

Kr. Noran test i f ied 

6360 Du ?ont experienced i t s  f i r s t  p o s i t i v e  cash flow fron the . . 
- -  

Y.evlor business i n  t l c  fourth quarter of  1?E3. (IIenry, CX-36, P O  71).  

ci ?? 



637. I n  1 T 4 ,  !:evlar generated i t s  first f u l l - y e a r  p o s i t i v e  cash 

flow. (Heckert ,  CX-1, P .  29)* 

638. Du Pont es t imates  that  Kevlar  w i l l  generate  p o s i t i v e  net 

operating earnings  for 1385. ( I leckert ,  CX-1, p. 29 ;  0:-2?). 

Tendency t o  S u b s t a n t i a l l y  Injure 

699. Currently,  Akzo has a spinning p l a n t  u n d e r  cons t ruc t ion  i n  the 

Dutch c i t y  o f  Emen that  will i n i t i a l l y  have a planned production capac i ty  of 

5,000 metr ic  tons ( o r  approxinately 11 n i l l i o n  pounds) of aramid f i b e r  per 

year. I t  i s  not expected t o  produce at  f u l l  capac i ty  u n t i l  the  second half  of 

73n. By the e n d  of October 1%35, Akzo w i l l  have all three spinning 

lines in operat ion at  i t s  Enmen f a c i l i t y .  (Broekneyer, Tr. p. 3006-07). 

' Vl. By nenns o f  "pirnneter iz ing"  o r  increas ing  e f f i c i e n c y ,  the 

Emen f a c i l i t y  v i 1 1  increase i t s  production c a p a c i t y  t o  6,000 n e t r i c  tons O r  

approxinately  1 9 . 2  n i l l i o n  l b s .  by (cx-333, p. E 428238; Zenpelin,  

A r .  pp. 1543-4tl). CI 

702. '=he raw m a t e r i a l s  required t o  produce aramid f i b e r  will he 

produced a t  t h r e e  plants  under const ruc t lon  i n  the C u t c h  c i t y  of n e l f z f j l .  

(Broekmeyer, Tr. 2Y7; Zenpelin,  Tr. 1535-36). 

703. "he D e l f z i j l  p lants  when operat ional  w i l l  have a production 

capaci ty  of 5,OOC n e t r i c  tons or approximately 11 n i l l i o n  lbs. h u t  could be 

expanded t o  a production capac i ty  o f  1n,oo1) metr ic  tons or approxlnately  22 



n i l l i o n  lbs. with o n l y  a ninor investment. 

RX-3, p. 4 ;  CX-333, p. €428269; Zenpelin, Tr.  pp. 1547-43; Broekmeyer, Tr. p. 

(Zempelin; RX-7, p. 6 ;  Broekneyer, 

* .  

2397) 

704.  Greater investment would be required by Akzo to bring the 

Emuen f a c i l i t i e s  to the 22 million I b s .  capacity, since the b u l l d i n g  i t s e l f  

would have t o  be 'doubled i n  size.  (Broekmeyer, Tr. pp. 3016-17, 3204-05). 

7n5. An expansion of the f a c i l i t i e s  a t  Emmen t o  22 million 1bs. i s  

not expected to be considered u n t i l  . Expansion could be 

considered prior t o  

denand. (Zernpelin, Tr. pp. 1540-49, 1582-84, 160041 ;  Zempelin, RX-7, p. 6 ;  

Broekrneyer, Tr.  pp. 3203-04). 

i f ,  for  example, there was an increase i n  market 

7 0 6 .  Once a decision i s  made to expand the capacity of the Emmen 

f a c i l i t i e s ,  it would take approximately 

completed. (Zenpelin, Tr. pp. 1582-34; 1 6 0 0 6 1 ;  Broekmeyer, Tr. p. 3204) 

years before such an expansion wag 

707. The raw materials plants a t  Delfz i j l  can be expanded t o  22 

nil l ion' lbs.  much sooner than rhe Enmen f a c i l i t i e s  could be expanded t o  that 

same capacity. (Zenpelin, Tr. p. 1533). 

709. Strong narket denand for Twaron could lead to  a decision to 

expand Ennen's capacity to 10,C)OO metric tons before . (Zempelin, Tr. PP= 

1538, 1503-!l4, lf40-f?1; Droekmeyer, Tr.  pp. 3913-14, 3237; E van de V e n ,  

c:;-89 p. W). 

7C?.  Akzo's most recent projection of i t s  1990 sales of Twaron to  

the Western European market is 

sales i n  1930 of at least  metric tons i n  the U n i t e d  S tates ,  Akzo'B 

metric tons. Added to  i t s  anticipated 

forecasted sales of maron i n  w i l l  exceed i t s  parameterized s p i n n i n g  

capacity of 6,000 metric tons, (?3-1305; p. E433753; Broekmeyer, TX-3 p. 15; 

Sroekneyer, Tr. pp. 3157-5'3). 

402 



71Q. Akzo nust operate i t s  f a c i l i t i e s  a t  a high percentage of 

capacity t o  obtain e f f i c i e n t  and economical production. (Broekneyer, CX-78 

pp. 156-57; l:acAvoy, RX-13 p. 13; Nac Avoy, Tr .  pp. 2013,  2821). 

711. A t  the D e l f z i j l  p lants ,  where Akzo's investment far  exceeds 

i t s  investment in the Emmen f a c i l i t i e s ,  the substantial  majority of  fixed 

costs  0- including number of employees -- w i l l  be the sane a t  outputs of 5,Pen 

and 11),000 metric tons per year. (Zenpelin, T r . ,  p. 1537; CX-393 p 0  423300). 

712 .  llr. Janse, Controller o f  Aranide t e s t i f i e d  that  on the basis  

of his "break-even" studies,  Akzo must produce and s e l l  a t  l e a s t  metric 

tons of  aramid f i b e r  i n  t o  cover i t s  costs .  (Janse, CX-378, pp. 63-64]. 

713 .  The following chart sumnarizes Akzo's present estimates of 

t o t a l  market demand excluding an unidentified denand f o r  1,500-2,500 metric 

tons f o r  1924, 1CS5, 1?3G and 1987 as s e t  forth i n  Arani's Three Year 

Cperational Plan 1?35-1n87, Kovenber, 1984, in thousands of  pounds (and metric 

tons) and A ~ Z O ' S  est inate  of U.S-. market demand f o r  19?1), as s e t  f o r t h  i n  i t s  

Tvaron USA !krket Update, July;*  1924 : 

In Thousand Pounds 

( I n  :!etric Tons) 

1930 

!lorldwide 22 , 266 ?h,67ti  31,746 3?,462 --- 

S t a t e s  16,033 13,739 2 2 ,  n 4 ~  26,455 23,659 

- 1357 - 1P36 - 19:s - 1334 - 
(10,100) ( l l , lM!)  ( 1 4 , 4 0 C )  (17 , W O )  

L'ni t ed 

(7,30n) (,o,rm) (in,oon) (12, O W )  ( 1 3 ,  Ofic) 



714. Cn the "Focus case" assunption that Du ?ont would p u t  

additional resources i n t o  new product invention and market developqent, and 

Akzo would commence inportation and s a l e  in the Cnited Sates i n  1386 (Henry,. 

Tr. p. 1037-39)# h Font's 1?:4 Alternate Strategy Focus yorecast shows the 

following estimates of t o t a l  market size for the years 1354-1930: . 

I n  Thousand Pounds 

(In Xetr ic  Tons) 

I?o r ld wide 

United 
S t a t e s  

(CX-210). 

715. On the "3ase Case* assumption that Du Pont would merely 

continue its p e s t  business s t r a t e g i e s  and Akzo would commence inportation and 

s a l e  of aranid fiber in the United S t a t e s  heginning in 1336 (Eenry, Tr. pD 

1c37!8 Du Pont forecast that the t o t a l  denand f o r  aramid f i b e r  in the vnited 

S t a t e s ,  broken down hetween zajor categories of end uses,  would be as follows: 

ru Font's Base Case Forecast o f  r'enand 
for  Aranid Fiber i n  the L'nited S t a t e s  

( n i l l i o n  pounds) 

Total - t :!?c Special Products - Tires - Year 
1385 
1736 
1737 

. .  1n83 . 
1339 
1??0 . 

- 
. .  . . ' .  

'404 



716. Charles L. I!enry, Vice President of the T e x t i l e  ?iDers 

Departnent o f  Pu Pont, t e s t i f i e d  that Du Pont's base case forecast  .was the 

most r e a l i s t i c  i n  terns of what Du Pont could expect to  accomplish in the 

narket. (Henry, Tr. pp. 1037, 1033,  1041, 1P5C-52). 

717. I n  Arani's Three Year Operational Plan 1035 - 1337, Hovenber, 

1984, i t  i s  stated that "[r]esponsfble quantitat ive predictions cannot be made 

because of divergent reports on present markets and t h e i r  developnent. 

711. Akzo should  be able to  produce approximately 

lbs. of aramid f i b e r  d u r i n g  the fourth quarter o f  . (Zernpelin, I X - 7 ,  P O  

6 ;  PX-1806, pp. E7009C3-94; PX-1306As pp. 31-32; Broekneyer, Tr.  pp. 

23??-30@1). 

71?. Akzo's most recent statement of i t s  production plans indicates 

1 ts  intention to  produce approxinately pounds o f  aramid f i b e r  I n  

and approximately - pounds i n  . (rz-1806, p. ~700384). 

' 720. If there were denand, Akzo could produce more than the 

pounds estimated f o r  . (Croekneyer, Tr.  pp. 3148-49). 

721. I n  October, 13R4 Akzo nade the following estimates of Western 

Stiropean denand for arnnid f i b e r  for 1384 - 1967 ( i n  n i l l i o n s  of pounds): 

6. r! 7.3 

722. Akzo currently plans t o  s e l l  n e t r i c  tons ( 

pounds) i n  IJestern rurope i n  1?!'5, out of  a t o t a l  demand i n  Vestern CurOFe ' . 

that i t  projects  a t  24nP n e t r i c  tons ( ? , . ? O l , O 4 P  pounds), g i v i n g  it 3 narket 
. .  

share of just  over i n  19rl. I n  1 9 9 5 ,  Akzo projects  i t s  Western European 



s a l e s  t o  be metric tons ( pounds) out o f  a t o t a l  projected 

market o f  27CO n e t r i c  tons (5,352,42P pounds), g i v i n s  i t  a projected nsrket 

share of over In 1987, it p r o j e c t s  Western European sales  of metric 

tons ( pounds), out of a projected market denand of 3300 metric tons 

(7,275,100 pounds), giving i t  a market share of nore than . (!'X-lZnC, P P -  

E700968-63; Broekmeyer, Tr. pp. 3110-11). 

7 2 3 .  Du Pont estimates that Akzo's market share for aranid f i b e r  i n  

Europe i n  1356 w i l l  be very s m a l l  (5-102) s ince  i t  w i l l  be Akzo's f i r s t  Year 

i n  business w i t h  a commercial f a c i l i t y .  (Elenry, Tr.  p. 1322). 

7 2 4 .  Du Pont vi11 market I t s  aranid f i b e r  aggressively i n  Europe 

a n d  does not believe Akzo can get  50% of the European market i n  1986, 

therefore,  Du Pont believes that  Akzo w i l l  be very act ive  i n  the United States 

i n  trying t o  s e l l  Twaron. (Ilenry, Tr. pp. 1070-1071). 

725. Akzo est inates  that i t  w i l l  ship t o  Japan metric tons 

( l b s . )  i n  1?05, metric tons ( lbs.) i n  1936, and 

metric tons ( 15s . )  i n  i9S7,  (RX-13n6, p D  E7003691 

7 2 6 .  Akzo has always considered t h e  U.S. market t o  be an important 

narket. Akzo has been a c t i v e  i n  the U.S. narket f o r  many years,  now w i t h  

aranid and fornerly w i t h  rayon and o t h e r  synthetic f i 5 e r s .  (Broekneyer, Tr. 

pp. 3117-19) 

727. The United States  narket for aramid f i b e r  i s  especia l ly  

faportant to Alczo. (CX-653, T 1 3 ;  Eroekmeyer, Tr .  pp. 3117-13; Xeapelin, T r -  

P O  1531). 

728. The many reasons for I ts  Lnterest i n  the United Sates market 

were stated by Alczo a s  follows: 
. .  . .  

- The I!.S. Is the world's largest  s ingle industr ia l  narket 

4 C6 



- "he U . S .  is the world's leading technologfcal market 

- ";he U.S. Is an existing aramid market absorbing today, 
3/4 of the to ta l  denand 

- The U.S. aramid market is s t i l l  i n  i t s  growth stage * 

- Many multinational conpanies are headquartered in the 
U.S. These UQs technical - and commercial approval of 
Enka aramid is i n  many cases necessary or  helpful f o r  
Supply ing  their  a f f i l i a ted  overseas plants. 

- A l l  above arguments are valid f o r  our direct exports as  
well  as for our ' indirect '  exports. 

- Last but not l eas t ,  we can expect not to  be sold out i n  
1386. Thus,  we need shipments to the U.S. t o  ease that 
situation. 

(rX 1804 at  E700551 (emphasis i n  original)). 

723. Akzo believes that the United States market has the biggest 

potential for future sales of aramid. (Efoekmeyer, CX-78, p. 76). 

730. Because o f  the current strength of  the United States dollar 

agains t  European currencies, sales of aramid f iber  by Akzo in the United 

States hre more profitable thad such sales i n  Europe, As a resul t ,  Akzo has 

an incentive to increase i t s  sales in the United States. (Broekneyer, Tr.  pp, 

3115 ;  3116; HacAvoy, Tr. p. 2 6 9 2 4 5 ;  NacAvoy, CX-654 p .  4 2 ) .  

731. Akzo recognizes that the technological edge of the markets for 

aramid fiber is i n  the U n i t e d  States. This i s  one o f  the reasons AkZO 

attaches particular significance to the United States market for aramid 

f iber .  (?.enpelin, Tr. p. 15?2;  Broekneyer, RX-8 p. 8). 

732. 

(Cotton, CX-104 pp. 32-36) . 



733. A n  extended period o f  market development i s  required before a 

custoner is willing t o  try aramid f i b e r  i n  an end use. (I!enry, C S - 3 6 ,  p p .  

1 4 - 1 7 ;  Thomas, CX-133, p. 4 1 ) .  

734. The aramid f i b e r  that D custoner uses must "qual i fy , "  or neet 

the customer's speci f icat ion.  For a custoner that already has purchased 

Xevlar, the qual i f icat ion 'process  f o r  "varon w i l l  cost l e s s  than i t  did for 

735. Through the marketing and sanpling a c t i v i t i e s  associated w i t h  

the inportation of aramid fiber into  the t'nfted S t a t e s ,  Akzo has advanced that 

t i n e  vhen i t  can sell f i b e r  on a commercial scale  i n  the United States.  

(Thomas, C:;-133, pp.' 30 ,  33-34>. 

736. A~ZO'S n o s t  recent planning document s t a t e s  that to some 

extent,  i t s  estimated sales  to  the I h l t e d  States  i n  1985, 1986, and 1987 "... 
are  based on actual  potential  custoners contacts ."  (T'X-1306, p. C700969). 

737. 

# 

(Cotton, C X - l P 4 ,  p. 4 4 ) .  

733. 

(Cotton, CX-ICIL p. 00). 

733. Akzo has also  sought t o  become 

(:roekneyer, 3, p.  31%). 

7 4 0 .  

(Cotton, C X - 1 0 4  pp.  133, 175; CX-167 pp. 1, 3; 

CX-233, p. 4 ;  CX 114; CX-3Pn; C);-304; CX-320; CX-322). 

4c2 



{ J i l l  ccnnit i t s e l f  an? der-onstrzte n l ong- te ra  enzcge>:r.t t o  s u p p l y  araoif '  

fiber t o  thc U.2, (%-1X4, p. P???r'T.T;O), 

7 4 2 .  il1:zo's i'nited S t a t e s  sales  s t a f f  i.s cor.:ident t h y  can s e l l  

r l kzo ' s  f i b e r  i n  the Ynited S t a t e s .  (3roc! :neyer ,  3. 7 .  311tn)- 

743. in the ! 'nite:l  S t n t e s  c a r k e t ,  .j~;zo : r i l l  he a t  ,I diE;a(!vantz;e 

due t o  tl7e 1 o ; : i s t i c s  i n v o l v e c '  i n  i t s  !win2 an "off-sliore" c o n p e t i t o r  (:!ecl:ert 

T?. p. 215; T!~or?as, C - l ? 3  p:. 77-3'; 3 o n a s  2. pp. Lf?4-?5 ,  71: 1 m t  

e n j o y s  c o n p e t i t i v e  nc?vantn;;es rives ;.!:zo i n  t h e  1 : n i t e d  S t a t e s  due t o  i t s  

longstan?ing  Susiness r e l . i t i o n s h i p s ,  the p r o x i - i t y  o f  supp?y  an:! i t s  

establ isher !  ctistonkr r e p u t J t i o n .  ( ! : e c l ; c r t ,  2. p.  ?IS>. 

7 L 4 .  Fu Font acI.:iov1c?ges a s  a c o n p e t i t i v e  advnatnze a g a i n s t  

sell  nctr7.c t 15s.)  o f  "", 'uron" i n  t h e  [*.S. xarl let  i n  lFf(, 

a e t r i c  ton.; 1 5 5 , )  ir l"n7, and n e t  r i c  t o n s  



1 \  p?. ?,  - J  

7 1  n 
/ L ) J .  Akzo evpects to  s ! : i p  the fol lowin: ;  quantities of  aragi,! f i b e r  

t o  t!ie U.S. i n  lnC5-1nn7: 

7L". N:zo ex;)ects t c  sell approxizistcly 

netrlc tons )  of aranid fiber i n  t'ie V.5.  for eac:i of years 

l":?-l"?n. (froelmeyer, Tr., pp. 3157-.5", 32nf1; See Sroe! :neyer ,  RX-3, pp.  

l/,-l?)* 

- 

7Sn.  ,I!:ZO's planntc !  s a l e s  o f  Triaron i n  t:!e V n i t e d  States are well 

':elo:y tlx capacity to prcduce  f o r  311 years f ron  inn( through 13Cp. 

!7+roe!;:ieyer, 'k. p. ' ?  S?). 

P 



752, Akzo’s estinatzd s a l e s  o f  Yvaron i n  the l‘,:. for t!:e years 

3 s  estrnate. !  in T‘ii ?ant's !“n4 >,I ternate  Strategy rocus Torecast, .ire 

represented in t?ie ta :? le  b c l c i ~ :  

754. :b!:zcj*s e s t i n a t e d  s a l e s  of :waron i n  the !T,S, for the years 

Ln?5-1Y‘n, a s  a percentaze o f  the est inated t o t a l  V.S. ara?.r!d fiher aarket as 

e s t j x ~ t e ?  In Pu ?ont*s  Znse Case Forecas t ,  a re  represented i n  the t a X e  below: 





Total 

. ir. the -- 



(nrckeaeyer,  y r ,  ? p ,  ?I”?-??, ?roel.neyzr, r.t:-0, F. 

75c. C u t  o f  the rouc!ily z i l l i o n  pounds of  Xevlar sold ir. the 

S ,S .  i n  l ” D 4 ,  approxiaate ly  r i l l i o n  pounds were sol? i n  the asbestoo 

replacement narket s e p e n t .  (C:i-%!.7, p. ??.^CP5?). 

761. Pu Font consic’ers tlrs a s b e s t o s  replncecent en:! use .sc-gncnt a 

“!:ey volcne f lywliszl” :.Ihic!i r r i l ’  senerate  !iigl! volimc sales am! enn2le niu ?ont 

t o  reduce c o s t s  Fer  u n i t  3 n ?  IncrEsse  p r o f i t s  a c r o s s  n l l  anrket  segncnts.  

!l:enry, Yr. ?p. 1241-42, 13.7:-Y). 

:fi?. 8 1  “fly vlieel“ i s  a c o l l o q u i a l i s n  f o r  3 product f o r  which big?! 

volune sales  can renoona51y be pref i c ted .  (::enry, Tr .  F. 1233), 

.. 763. :!r. ,.enry t e s t i f i e d  that  a success fu l  fly vheel i s  inportant 

t o  the a t x i c !  f i k e r  venture because t!ie inves tcent  i n  a r m i ?  f iber  i s  SO h l g h  

tl:at sore l:ig!i volune lase of  business is new!ei! to  reduce nanufacturing 

costs. ( I*snry ,  Tr. p. 123/1!. 

7fI4. r n  l V C ,  Du mont. %opes t o  sill1 approxinately c i l l i o n  pounds 

of ::zvIar tc ccstorers ir! t!ie &*testos market segncct .  ( ~ ~ - 4 0 0 7 ,  p. 4103rP3P)- 

v r  .- . It  is :*:, :!enry*s v i m  t $ a t  t!?a i l e ~ n ~ ~ ’  Tor arnnid f iher  ns an 

r\sl)estos replacensnt is l e s s  t h n  the  con?,ined capac i ty  i n  l”C6 o f  N:zo ant 

?ont to  manufacture armid f i b e r s  for the n s h s t o s  replacenent narket 

sesrent. ( : :ePry,  :re p. I ? ? ? ? -  

7f7, In l ~ “ 6 ,  ;\::zc x p c c t  P t o  sell 1 Y s .  o f  ’irmron for 
. .  

end uses, repres2i:t ill: 3 ~ ; r o ~ i i a t ? l y  of i t s  expected ln?f l  :‘.s, s,i:es a n d  



h Font's Capacity to :leet re-and 

7f)y. Since lnm?, "u i'ont I I ~ S  projected tilat by lnZ7-?? 3u Font's 

nnneplate capac i ty  sf n i l l i o n  pounds per year vi11  5e i n s u f f i c i e n t  t o  

s a t i s f y  the ( !enaids  o f  the vorldwide nnrket f o r  aranid f i h e r s .  

S t r a t e t i e s  'ley Pter.isen", ' \ p r i 1  5, l???, !'.:<-C3Q, p. QrZ15n  ( " capac i ty  

s h o r t f a l l  exists Seyound l""7"); !'::-6?n p. OC1150 ("2.1 yont's !'SA plant 

capaci ty  will ?e i n s u f f i c i e n t  unless two o r  more cor.,pctitors are i n  place"); 

Corbin, pS-5p2, F. ?5r! (Du Yont's vieti  has been that "thz l??C needs . . . had 

a ?vays  I-een ir .  excess of our i n i t i a l  capac i ty  o f  n i l l i o n  pounds" and that 

See "Alternate 

n5sent Du Font e x y ~ n s i o z ,  addition.ql capac i ty  -.rould have t o  cone fron other 

sources). - 
. 7G?. 311 7ont 's  S T Q r a k e  plant ?)as experience:! technica l  problens 

relztec! tc  t'!e hc t u a l  , 
present capac i ty  is n i l l i o n  pounds per year (I!ecl:ert Tr. pp. 1?1-??, 

? 4 ? - ? . - ~ ;  ; :ec?:ert ,  c::-:, p. ?."; !!enty Yr. p. I P ? ~ ;  I:r?:iry, ~::-2fi, P. e . , I-  -- 
77". ?u " on t ' s  e f f e c t i v e  s p i n n i n z  cnpacit:' for the connerc ia l  

production ~f % v k r  !ins teen 3s f o l l ~ ~ r s :  



1f"l 
lf"2 

771. Cn A p r i l  1 ,  lfC5, ?u Pont t r i l l  increase spinninz speeds fron 

yards  per n i n u t e  3172 the number o f  ends per  spin nodule f r o n  

briny.ir.2 e f f e c t i v e  a n n u a l  capacity t o  n i l l i o n  ponnds.  i'~: F o n t  

i n tends  to  further incre,ise e f f e c t i v e  capnclty to  

n e x t  two years and t o  n i l l i o n  poi inds  by l"77. (::enry, CX-3n1 ,  p. 2'~). 

n i l l i o n  poun?s w i t ! : L n  t!ie 

772. I'u Pont forcasts tJorlr!r?ide sales  o f  Kevlnr for  the years 

1'"'.t-ln7C, ;IS f o l l o ; ~ s  ( in  n i l l i o n s  o f  lbs.): 

of the current t y p e  an:! cne pnlyncritation t i n i t  . ~ o u l d  increase capacity t o  



t7c - .  T o R t  p l an s  t o  construct a s3innfn:: plant  f o r  ar,i3ic! fi5sr 

?peration i s  ex?ecte!  t o  Sezin i n  17C7 [!it!) 3 i n  :'ny?o:~n, Yorthcrn Irs:anr!,. 

naeeplste cnpclci t y  of nil?ioii pounds. Du Pant intent!s t o  ex;)ani: tlie 

nmeplste capacity t o  

1"Y. (::enry, <;;-??I, pp. c-n). 

nillion p a m i i s  per year  i n  t l !e  seconc' quarter f i f  

77c3. k s t r x t i o n  of c~ie ::ayc!o:rn plant :!as not yet 1:cen a:i t! icrize+, 

!>ut 31 Font h s  a p i ~ l i s c :  for ~ a v e r c n e n t  grants t o  ;Isslst i n  f: tndlng. (I'enrY, 

:r, pp. ?.P?-!-y?). 

177. nu T o n t  has entered into R j o i n t  venture t o  nnnufacture and 

aarket Kcvlar, which joint venture i n c l u d e s  a proposal to  b u i l d  a spinnin3 

??ant i n  .kip311 a s  'soon 3s Japanase sales of Xevlar reach nillion pounds per 

year.  Tt i s  expected that construction of n Japanese plant w i l l  5egin in 

(!:cnry, Tr. p. 1 P Y ;  r::-11n3, p. 7 c ) P ? C 4 ,  P d) .  

1.17 
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if 

c:*et  one r coepzt i cy, onl:. In t ':e 







not ,?!:zo I s  excluded f r o n  t h e  r.nr!:c.t: 

. '  '+* 



7 .  A :  4.q:  5 . ' :  

". *: -0  ": no.?: 

?I.  ' c :  11. -: 12,fi:  

I".": 11.-: 1 9 . 7 :  





nfi7. nu T'ont's 7ccus 7.ise forecasts project  t::at Tu pant's p r i c e s  

Tires 1. .. : 2.:: 2 . 1 :  1 9 . 1 :  h.?: 't 

",ectal 
i'rcd uc t s " 1  : 4.1: 5.4: 5 . 2 :  3.p: 



Frofesscr  : :nt:s~an based his in jurv  c a l c u l a t i o n s  on t3e Focus 

f o r e c a s t ,  5ecsuse  " t o  t'le extent t 'd t  t 5 e  Focris forecant  enSodies .?I1 t:ie 

neasures t b t  ?u -ant has adopted t o  counter A I ; z o ' s  entry i? the  !T.cI: and t'ie 

T ' . ? . ,  i t  vould seen t o  me that  t h i s  voii ld  Lead t o  3 conservative 1.ii l5  i n  

favor of r i l ; ~ ~  i n  c a l c u l o t i n z  n y  i a j u r y . G s t i n a t e s , "  (;'niisnsn, Tr. ,  .pp. 

"Pn. The estirates of p r i c e  dec l ines  resultln!: from t"le entry of  

cslcu!ations are  lmasel on pr ice  f o r e c a s t s  contalned i n  ru P o n t ' s  Focus T:ase 

f o r e c a s t s .  (!:atisran, C::-l?p, p .  34; Cx-671, pp. n ? P n f l ? 5 - n 7 n ~ ~ l f ) .  

"C". I s  r x t  of Pu ? o n t * s  m n u a ?  husiness planning cycle, the 

Inr?us t r i 7:. ri':cr s pivision of  >u ront 's  Text i Le F i b e r  !?epar tment prepares 

f o r e c a s t s  of F r i c t s  an! volure t b t  conpare the expected r e s u l t s  o f  proposed 

c ' . ? n ~ e s  i n  '-1;si7=ss s t r s t e z i e s  to tile r e s u l t s  tliat riou?:' be expected if 

Freex i r t inp  :trptef,ieE ver 2 c o n t i w e d  fr i t5eut chense. (i:ecry, - ,r. pp. 

? n ? 7 - ? ~ 4 n  - # I " i ? ,  n n ? ;  ?ajrnfer,'?::-Ci?l, p p .  ?fir ? G #  '&?-5n, 91-?'), Inn; 

T::-'- I n  ) . 
"I?. 'i!ic ?r i ce  dec l ines  resiiltir::  f r n n  ,V:zo's entry i n t o  the E.?. 

- ir ! ;eL t ! i i t  arc: co;itaincc! ir ?orit 's  Sase  Case and - O C U S  Case f o r e c a s t s  

"<re ''aSel' on ? I ,  'ont ?nr?*et in2 rep-esf ntat ives '  assszment  of t h a t  the 







n ? c .  ncan ; ' . I C : \ Y , I ~  contcr  I s  t ! : A t  ;\!:zo*s e n t r y  incc the  I : ,S .  r a r k e t  

coulc' 'eneflt ?ont l ~ y  s t i n r ~ l a t i c g  deoand increaser: i n  t?ie siicrrt .run 

( ln?5-I .?n7) ,  and new aranir? uses in the lon:: run.' [:hcrlvoy, ?.;;-l3, p. ? " ) ,  

narket vi I1 expand t3c narket hecause: 

( 4 )  ,'my prfce decline T r i l l  stinulnts-  an i n c r e a s e  i n  the 
qu.intity of  a r n c i d  mles zcch tha t  nu ?ont c o u l d  aot be 
lnjurerl 5 y  n price dec l ine ,  h s o d  on I:ac.\voy's estirinted price 
r ! d s t i c i t y  of rron ? to 11.. /I).. .&-&4,  .I P. 1 2 )  



-am : 'nc \voy s t a t e s  t"3t t ! x  incrsase i n  Tu 2o3t.s nar1:etinZ --+e, 

ancl T.&? expenditures r'uring tl:e perioi! I ? ? ?  t o  !*f" due t o  anticipated 

Conpetition fron Al:zo Will ex;Jsnd c'enarid by approsini-tely 25 percent. 

(::acAvoy, ?.X-14, p. 16) ' 

131. i'rofessor i:ausnan I ~ e l i e v e s  t:mt tllir zar: ;et  expansion e f f e c t  

of A ~ Z O ' S  entrv i n t c  the C.T. 3arI;C-t reaches a nnxinun of 2.0 percent ir: 

732. -11 Font 32lieves t b3t I t s  increase:! e x ~ e n ? i t u r e s  on 

n13. Trofessor !:numan helieves that  'Tu Pont w i l l  suffer  no 

i n j u r y  f r o n  '11 zo ' s  m t r y  bv v i r t c e  o f  l o s t  sa les  vo?ur,e, cnly i f  t5e narket 

t h e  5et:re.m t!:e tir!e a c u s t o x r  decic'es t o  t e s t  arnnid ant! i t s  use hy that 

::nrlcet ex;:nnsion frcj-i a sccon,! sup2lier  

*. 735. . r. ? : o a k e y e r  t e s t i f i z f :  t fmt  prospective custoners 3re core 



".7.7'. >,1:zo belicves that  of all t h e  customers it has p r o v i d e d  

s!:ipnen t s t o ,  

(C;:-6?", yesponse t o  Tnt.  ?o. Of?). 

33:. 3u Pont's 1n?l, sales :-eccr,.lF S ~ C X J  t!i;t nu Tont h3s s l ; i ? w !  

aranid f i b e r  t o  

(%-54?, pp. 5 ,  1 7 ,  J ~ P ,  and 1?6].  

"20. ilr. Crcekncyer  cestiflcc! that the nnr!:et "increase IlY r e J S 0 ~ ~  

of 3 seconc! supply coulc! !e cf o n l y  a fetv p e r c e n t . "  (Croeheyer ,  T r . s  P. 

3?K2 1 

O S r  . !!r. 2roel:neyer test i f  it.:! t h t  A ! : Z O ' S  market e s t i n o t e s  are  

Snsed on thc 38sunptlon o f  a two supplier situation. (Sroelmeyer, P* 

q?r,"). 



!'44-  ,In 8iutr;sri: s h i f t  o f  the ?enawl curve  const i tu ' tes  an increase 



:?5. *LI ?ont fot-rcastetl ? k v k r  sbtprcnts and p r i c e s  vitli ,\kzo . 
bot!: in t!ic nnr!:c.t a ~ . d  w t  o f  tbe aorket, c?scim!rg the h s e  case strategies 

3 e  foreccsters ::ere instrt!ctec! t o  consic!er all tlrose paroreters t!ist W O ~ J L ~  

a f f e c t  t!..e ncnsurez ic.poct cf a second source conin=, into the C.S.: the  

v.-~he of t'ie prw'txt, t ' it  ' i f f i c u l t y  of  p t t i n ; :  ;i:?ot:ier Froduct i n ,  the 
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conparing Tu ?ont 's  t o t a l  r i m e s t i c  aramid sales f o r e c a s t s  v i t h  I ~ k z o  out of 

tlie narliet (C::-1535, p. 21rnLI.) :;o. 1 1!??4 Forecas t ,  n nu pont ?/?? 

f o r e c a s t ,  with Focus case  e s t i m t e s  f o r  ~1:zo i n  the z:ar':et (C: : -2lp,  

reaclies 3 naxinun o f  2 . 0  percent i n  L O ~ O .  (I:aumnn, C X - I ~ P ,  p- 3p) .  

?(JP. 30th t h e  : (ac~voy conparisons snd t'ie DU Pont I?OCUS case 

conparisons ?:so inc?uc!e 3ny tlarket cxp.7csion r e s u l t i n g  f ron  lower pr ice .  

(Conpnre f o r  exanple,  pr ices  i n  C;.:-'!l? and C:.;-?17). 

cft1. "espondents rely on a comparison o f  ! h i  ?ont's pre t a x  

enrnin-,s i n  the rinse case f o r e c a s t  r r i t h  Akzo out o f  the aarket (!'.::-4015, pp. 

case s t r a t e z i e s  and f o r e c a s t s  ref  !ect n "no-cor?petitor" s i t u a t i o n ,  and the 

occs case s t r a t e : i c s  m(! f o r e c a s t s  r e f l e c t  t1-2 e x i s t e n c e  of  a conpet i tor  

(':nc,~voy, Tr. pp. "~f-"+l ) .  

-. 
(/>!;zo) i n  t!:e ..rar!;et, 

q a r k e t ,  ki Font si11 not ah.?ndon i t s  r o c c s  s t r a t e g i e s ,  hut w i l l  pursue then 

under a different t i w  tnble  or at  decrciisr:! expenditcres.  (::enry, 3. 



"'A, '!r. : i i n r y  dczsn't vier? t!!e r e s u l t s  se t  fortli i n  the Focus 

f o r e c a s t ,  r.Aiich are  based on nany strategies l)einy, eaployed during 3 very 

compressed tirne period, as presenting t l!e nost r i a l i s t i c  view of rarket  

growth. (Iienry, Tr., pp. inn?, l w ) .  

$65. :Ir. !!enrp t e s t i f i e d  t h s t  the r e s u l t s  set forth  i n  t'le :hse  

case f o r e c a s t s  w i t h  TX p r o t e c t i o n ,  w i t h  respect  to v o 1 u i x ,  p r i c e ,  ant! 

e a r n i n p ,  present the nost r e a l i s t i c  v i e v  o f  t!)e ara:!ir! norket '?eti!cen 

ln?f( , - l??r) ,  rJit5out Akzo i n  the  Y.S. m r k e t .  ( I :enry,  Tr., lqL1).  

n65, I!r. I:enry he l ieves  that  the  base case  f o r e c a s t s  Tiit5 Al:zo 

out  o f  tbe  nar%et a r e  more r e a l i s t i c  because " the  prenises  a r e  r i o x  

r e a l i s t i c  i n  t e rns  of  the  k i n d s  o f  th ings  ire're count in3 on i n  that 

f ive-year period. !,'e're countinz on D l o t  o f  proc?uct development a n d  a l o t  

o f  t!-ings !,aFpening, !-,ut ve're not counting on ths kinds o f  things  we've cot 

i:: the focus  case." (I:enry, Tr . ,  p. l f ' f t l ) .  

"fIc (a). !!r. !!enry t e s t i f i e : !  that  a conparison of the Case Case 
I 

and "ocus c t s e  f o r e c a s t s  :-otilr! lie in e r r o r  :.ecn!rse t!le underlying 

assmptior?s  an,' strnte : ies  i? the  tvo cases are d i f f e r e n t .  (I:enry, 'ire$ P O  

!'fi7. :!r. ;:enry's i n j u r y  e s t i n a t e s  conpnred nu Pant's !:ase case 

p r e - t a x  carnit?;:: forcc.:rts v i t h  an:' viithout A1:zo e q t r y  i n t o  the !Tnite(! 

c . . t a t e s ,  T!izse Zst imtes are slio;rn in t\e t a l d a t i o n  Sclow: 



+'f\n. !k. :'enr!i t e s t i f i e d  t 3 a t  "craonin::" of  t'\e P G F  and n j r : : e t i n g  

e f f o r t  i n t o  a s h o r t e r  t i n e  period hecause of  A~ZO'S expected entry  i n t o  the 

aramid narket t Jould  Rake Fu Pont 's  c o s t s  f o r  tl7e e f f o r t  g r e a t e r  than they 

ot:isrvise wotild have been. (::enry, m lr. ??. 1y"-14m:,  

.'lrJ3. Professor  ilausnan t e s t i f i e d  that  the addi t iona l  expenditures 

t o  counter '',kzo e n t r y  voiiW !.e i n j u r i o u s  t o  Tu Font t c  the extent  that  these 

expen(!itures Tiere i n e f f i c i c n t l g  acce lera ted  5y  !h ?oat Fecause o f  tbc  entry 

of ,?l:zo, an:! :'id not lead t o  an econoqic re turn  t o  Cu ?ont. 

p. 2125, c:;-4!?0, p. 10). 

( I k u s n a n ,  3-0 

?7n. ?rofessor  ihusnan be l ieves  tbat  wl-ile ?u ?ont nay spend nore 

01 !'t' in t'ie short run lecause  of the  entry  o f  hkzo i n t o  the n r a n i d  nar!:etB 

in t 5 e  lc!G r u n ,  tom: ViP expenditures 5y l?u lont  vi11 be less 'Jecause Du 

Akzo's tec! :nical  ia rket in :  nnf! oppl icat  i o n  . levelopnent includes current end 

use 3 2 p l i c a t i o n s B  as .re11 a s  thc developnent cf net? appl ica t ions  of  arar:ic! 

filers. (y:t:i)Jc Y::-Ln , p. 11. 

" 7 1 .  Iccordin:  to  I:r. ;:upje, ri';zo's e f f o r t s  i n  the area  o f  new 

a r ; ! r i d  f i ? - e r  aranic! nppl icc t io2s  include:  



.:c!!iesi on a c t  i va t.c:l i! r m i d s  



on cd7,  :Jhile the dev2lcpnsnt o f  R n  adhesiorl  ac t ivated  T'evlar 

product ?lad been a technica l  o ' j j c c t ive  a t  T ' I t  Tont a s  e a r l y  as  1n77: o r  1"7^, 

the use o f  7 u  Podt resexrch and tsc! inicnl  c a p a b i l i t i e s  Plsevhere slo*ter! i fovn 

the  developrient o f  t b i s  product. (C'yrien, ?:;-r3?, p. n,"-:?). 

tS1.  In I!scer.ler o f  lnE2 a presentat ion vas $veri l y  A'nzo t o  a 

nunber' of ' b e t i c a n  coapanics i n  tile t i r z  i n d u s t r y .  ~ r t o n g  the t o p i c s  

discussed was t be s t a t u s  c f  A' .zo 's  developnent of  ndhesion a c t i v a t e t !  

aranirls. (;::-.r7fi; ?:;-'?3p, p.  I:?..?cl1.5; r: :-n?l,  pp. f i l r . y C 4 - 4 1 $ 2 1 ~ 5 ) .  

(??X-"2!.)  as G i v e n  t o  ?o!:ert I:. L indler  i n  I?!'.?, vho vas a t  that  t i n e  W a S ' 8  

?u ?ont narket lng rarresentz  t i v e ,  by a 2.7.. Coodrici: ecployee. (Lindler,  

9 "3 .  :'r. Linr!!?r sedt a copy o f  t l - i s  docunent t o  ti:2 s t r a t e g i s t  

responsiSle  f o r  the  t i re  iniustrv, so tbat  !,e coull! see vhat the  conpet i t ion  

- ? L .  ?n ::cy l:, !"??, ?.L. ;:unter o f  nu "ont sent n senorandun t o  

C . L .  I!enry, c!iscussi:i?, c o n p i i t i t i v e  t a c t i c s  t o  t e e t  ?ri-zo's e n t r y  i n t o  the 

nar'ret. 

;ror!L*cts such .?E a,*l!esivc a c t i v a t e +  f iniskcs- -07 .so1ete  [ s i c )  their products 

Anon: the t a c t i c s  13s an accelerate . !  " introduct ion of ne:? leap frog 

!:!upjc, "::-lo, p. 23). 

$96.  !!r. !:cpjiA tc2st iEied that  



"77. :lie :!evelopner.t of 

according t o  !:r. i!upje. (~:;-4L6, p. 1 2 5 ) .  

onn 
b , BotI. ;ir. :ienry ant! :Ir. " ' : ; r ien test lf ief '  t b t  Pt: Font's 

adhesion activated Kevlar has now heen field tested .?nd will he p v n i l n h l e  in 

connericol quantities this year (13C) .  (CI'Crien, "x-53n, pp. "?-"9; i k n r y  

Tr., ?. l 'p?) .  

As Se s t os su 5s i t u t  ion 

??". Pu Tont sells  P T T ,  inpreznatcd yarn f o r  pimp packing. : b o  

is 



1?3. r)u pont's a r m i d  1 : y h i r d s  with s t e e l ,  nylon, and polyester 

have reached t h e  narketplace.  ( I k n r y ,  CS-3?1, pp. l ? - l h > .  

Soft helqets n n d ~ a n t i h a l l i s t i c  v e s t s  

.. r\nq . . I n  lo??, ?u 7nnt c;o-le i t s  f i r s t  s iznif icant  v o l u c e  s~i les  of  

::evlar for vests . I C ~  : i e l a e t s  for  the 1'.S. ,?my. T'c ?ont sold n i l l i o n  

FOunds o f  T:evlar f o r  n i l i t a r y  a p p a r e l  i n  I???,  n i l l i o n  pounds i n  I!'?!:, 

j n d  expects t o  sell o cotal of 

According t o  ':r, !:2nry, 2evelopnent of this  narket too:; ten years. ( H e n r y ,  

c i l l i o n  pounds i n  1"" t h r o u ~ l ~  

CX-36, p.  PI. 

Concrete rei nf orcenert 

# 

V h .  Sot,* -ti ra?t  nn,! i?l:zo are  condvctin; c&!! for a r m i d  use i n  



"6. The denonc? e l a s t i c i t y  i s  J s i n g l e  nunbcr used to sunnarize 

the s e n s i t i v i t y  of the quantity dcmniled at  a partict : lar  ? r i c e  t o  a ~7.111 

s::an$e in that price.  A l l  other factors  i n  the narket are nssuned . t o  !)e 

h 2 Y  constant. ?he &enand e l . i s t i c i t y  i s  calculated as the percentage cha2:~. 

i n  quantity ,Iividcrl 3y t h e  i!ercentn!:c charge i n  p r i c e ,  f o r  s n a l l  perccntn?$e 

cl1ange.3 i n  price.  (TX-rj71, p. IC; i:ausnan, yr. 7 .  F 3 5 ) *  

5". Ycononic experts f o r  hoth conpl2inants a n d  respondents use 

e l a s t i c i t y  e s t i m t e s  i n  tlreir calcrilations o f  the e f f e c t  on the PU Font of 

t!ie entry o f  ~1:zo i n t o  the l ' .S .  aranic! narket. ( h u s m n ,  CX-lY?, p. 3 5 ;  

::ac"#Voy, ;?;:-14 , p. 1:). 

p??. Sorle T'U ?ont  executives and internal  nu font docunents 

i:r.!icnte tlie !ielief t b 2 t  a rec?uction i n  a r m i d  p - i c e s  i n  the United Staten 

c e s t i f i e !  t!mt a t  .i ccrta in  '*isl! e l i s t i c i t y  l e v e l ,  PII ?one vould benefit  

Pr0.i a price .!ec!ine. fjt e l a v t i c i t y  v a ~ i i e s  rany.inC up t o  z . ~ ,  liausnan's 

Y"('. Trofessor 1;nusnan t e s t i f i e d  t h t  fcr n short run e l a s t i c i t y  

!.e ::as ever scdn in the rlccirorxt r i c s  or cccnoaic l i t e r a t c r e  (!:ai:snan, 2. , 
7 .  ? P ? ? > *  

*"l. Fmr! ";ic.?voy, t!le econor?.ic expert wit n e s s  f o r  respondents, 

e s t i m t e r !  tlie price e l n s t i c i t y  for nranid  t o  rap;e between 5 and 15, nenniny, 



O r ? .  Pe'-?n 'Inc.:vog a s s e r t s  ! ' ! a t  t!lc e l a s t i c i t y  e s t i n n t e s  o f  5 t o  15 

'C.?. Dean :!acAvoy's e l a s t i c i t y  e s t i z a t e s  c o n s t i t u t e  the 1032-tern 

response ( t h e  response over a 2 o r  3 year Fcrio,!! o f  s a l e s  t o  cllnnges 

p r i c e ;  ir: the i n t r o d u c t o r y  period, t':e e l a s t i c i t y  : ~ o c l d  !-e l o v e r ,  (::ac;\voy, 

T y . ,  7p. 27."1-?2, ,7"2f,). 

"?!le '=:le e l a s t i c i t y  is l o v e r  i n  t!ie short  r u n ,  3ccorRin: t o  i'ean 

:!ncAvoy, l-ecaiise i t  takes  t i n e  t o  n r ! j o s t  the  eqii ipnsnt,  sizn c o n t r a c t s ,  . 
e s t a S l i s h  l i n e s  of d e l i v e r y ,  and experinent w i t h  the  f iSer  t o  na!:e sur2 i t  has 

the rzqriired c o n s i s t e n t  c ; u a l i t y .  (::ac,jvoy, T r . ,  p. 7721) 
z ,* "C?. ..r. !!roe::neyer t e s t i f i e d  t h a t  the  r e s u l t  o f  a pricc d e c r e a s e  

: J O L I I ~  ':e t o  i r i t i a l l ; .  lover p r o f i t s ,  a n d  t h e  : :enef ; ts  o f  i n c r e a s e ?  quantities 

r a s u l t i i :  fron the  ! m e r  ?rice voilld occur a t  a l a t e r  s t a g e .  iir. Srodmeyer 

could n o t  cray .+,en the .increasec' Lxnefits wozld occur.  (:roe!:neyer, Y r . #  PO 

' npC. "Xccnonetr ics  i< a s u I * j e c t  i n  econoniics uhich a p p l i e s  

n t o t i s t i c z l  techniques  t o  ccononic dota t o  e s t i i o t e  o r  derive certain 

under1 y i n :  ecr,?onic p a r m e t e r s ,  such as denand e l a s t i c i t y . "  (::ausmar:, Tr., ? O  

"r7, Pr. .Jerry ::ausr*nn is J F r o f e s s o r  o f  rcononics  a t  the 

::nssnc?iusstts I n t  s t i t u t e  o f  :ocl*noloey, s p e c i a l i z i n g  i n  e c o n o m t r i c s  a n d  

nr?l ie.' i icroeconovdcs .  ::numar. ' ~ n s  5een nn a s s c c i n t e  e d i t o r  of rconc- let  r i c a  

. ~ n d  the "an? ~ o u r n o l .  o f  E c o n c z i c s ,  an1 :;as the r e c i p i e n t  o f  the T r i s c l i  :!e*!al 





" I C .  Pezn :!ncl:voy pointed tc i n t e r n a l  ?u ?opt docuncnts f o r  

:?ocunents are conta ined  i n  P.:;-?nns T':i-Y5G-72, an,! C::-lCih. (iiacAvoy, TX-l!t, 

p. 1 2 ) .  

Q17. E x h i b i t s  ? : < - 3 C ! f b 7 ,  ?::-3?6?, 3 n c I  ?::-?n\:? i n c l u d e  sales . 

r spr  e s e n t  3 t i  ve s ' r e p o r t  s , * +  i c 11 c o n t a i n  t he r e  p r  e sc n t a t i  vc s ' as se ssne n t s of 

?,lthouZI? t h e  sz?es  r e p r e s 2 z t n t i v e s '  o f t e n  gave no f o r e c a s t ,  soze price 

s e n s t i t i v i t y  f o r e c a s t s  ucre Ziven. Toor t h ?  a i r c r a f t ,  f r i c t i o n  n a t r r i a l r . ,  

b a l l i s t i c s ,  p r o t e c t i v e  c l o t ! : i n s ,  r o p e s  3nd c a h l e s ,  nnl! water craf t  n a r k e t s ,  

3 25 p e r c c n t  pricc' d e c l i n e  vas f o r e c a s t e c !  t o  increase t!w volune o f  a r a i i d  

salts F y  fron 1" percent t o  :n p e r c e n t ,  sr :g;est ine 3:: e l a s t i c i t y  ranging 

fron p . 4  t o  1 . 9 .  These reports are gcnerc721y fro-  t l ~ e  ln21-12 p e r i o d .  

? I ? ,  The ot ' i e r  citec! e x t i i I ) i t s  (x-??!?, r.::-w1?-7i, anr! c::-144! , 
genercll1:r inc1udt.d q r i a l i t n t i v c  ~ s s 2 s s n e n t s  of  t l ie  s e n s i t i v i t y  cf q u a n t i t y  t o  

price, f r o n  v h i c ! i  no c l e a r  q u a n t i t a t i v e  price s e n s i t i v i t y  e s t i m t e  could he 

nix!e. ( S ee ,  for e x n r p l e ,  ~ : ; - l A t a ,  p. c\Po.?I.S, T;:-n"", p, 21rr26n3).  

of i'u Poiit's r;ar\.et d e v e l o p r . ~ e n t  f a c i l i t y  a t  Sprlinnce s t a t e s  t h t  " radia l  



"nn. l r o n  the data i n  tl:c previous findin:,  Professor i'3ustlan 

calculated e h s t i c t l e s  o f  3 f o r  truck t i r e s  ard 1 7  f o r  p2ssenzer t i r e s .  

I:ausnan stated that these e l a s t i c i t i e s  were not t o  ?e re l ied upon ,  !)ecause 

t i n t  an e l a s t i c i t y  est innte based on eight-year GI:! infomation ccul l  not !\e 

depended upon :)ciause certa in  conditions i n  the nar::et (scch as tbe pr ice  o f  

s t e e l  cords) had ct:acze+.i. (:!ausmn, T r - ,  pp. 35?5-357??. 

"21. Trofessor !:aus~rn cnlculated " icpl ic i t  s h s t l c  i t  i e s "  o f  

dernanc! for each I'.ev?ar 2nd use. Iqpl i c i t  price e l a s t i c i t i e s  are define:! ? ~ y  

demnd fcr i :c\. lat ' in i t s  various end-uses v h e n  prices o f  Yevlar are changed, 

w!iiIe at  the sane t ine TTijn;. other conflitions are cl.an$ng. (CX-ln'?, Po 17; 

ci:-5:!., p. 17; :::-?27). 

?2?. Professor kusnnn's i m p l i c i t  e l a s t i c i t y  est ir .ates ranged 

Eroc e.." t o  1.' f o r  different en< use nnr?;ets. (CX-Z?7). 

* n23. T'sinz tt:e sa.:e eats s e r i e s  as ?ir.! "tan ~:ac:,voy, Professor 

::nusn.-in ecomTct  r i c n l l v  estinatetl the n r a r i d  price e l a s t i c i t g ,  a f t e r  

correctinz far e r r o r s  !!e clained existed i n  Tilor! :!acXvoy's e s t i r a t i o n  

n.stIio1. 

~ r o l . ~ ~ l . l l y  k i n n p ,  C!Y best a s t i n a t e ,  ncccrc!it::: t o  Professor ;:ausnnn. (C:<-57l ,  

p .  5 ;  ?::-!:?:I, 72. m-ifiy ~:ausmn, ?r. p. Y 5 S ? .  

Frafessor : ' nusx~n ' s  e s t i - a t e s  ran,:ed fror.  n . 7 2  t o  1.4, :rith p - 7 2  

The errors i n  ?ean rlac.lvoy's econonetric a a a l y s i s  citcd by 

i'rofessor I l a u s x n  include : 



c, I C  . ..-. T'rofecsor ;:nusr-an continued t o  <tolllit t t x  r r l i a E i l i t y  of 

e l a s t i c i t y  e s t i m t e s  based on ten data p o i n t s ,  but he f e l t  that  the results 

f rora his  econonetric  a n a l y s i s  conf imcd his e a r l i e r  judgement a50ut t!le 

appropriate ran.:e of e l a s t i c i t i e s  upon h i c 5  his a c t u a l  in jury  c a l c u l a t i o n s  

LJere hsed. (ihusnan, c:;-r.71, pp. '?-!', l c - l ? ) .  

926. t s i n z  a range o f  e l a s t i c i t i e s  from c.7 t o  ?,P, Trofcssor  

Ilaucnaa ca lcu la ted  "conservative" i n j c r y  e s t i n a t e s  t o  Pu ?ont over the  yrsrs 

InnT. t o  IC'?? r e s u l t i n s  fron A ~ Z O ' S  e n t r y  i n t o  the market. The nveraze 

annual in j i i ry  t o  ?u 7or.t f o r  the d i f f e r e n t  e l a s t i c i t i e s  used i s :  

,jvercize ;\nnual T n  j u r y  
T l a s t i c i t i e s  ( i n  n i l l i o n s  of  11'53 d o l l a r s )  

3 . 7  
1." 
1.4 
1.5 
?.r 

25.0  
31.5 
17.7 
14.2 
7.0 

n I  -7. ?rofessor  i:ausriaa k e s t i f i e d  that  lie used a range of 

e l n s t i c i t i e ;  t o  rleclsure i n j u r y  !-.ecause !le ; J ~ S  a'vare that  the denand 

e l a s t i c i t i e s  usc.*l by bu ront could 5e considered t o  ?,e low. Kausnan I~el iuved 

tlje nctiia? m r k e t  e l a s t i c i t y  would f a l l  rrithir! t h i s  range of e l a s t i c i t i e s .  

nT'. F r c f e s s o r  ibi:snan believes that the i n j u r y  e s t i n a t e  u s i n g  an 

e l a s t i c i t y  o f  n.? i s  t!le liest i n j u r y  es t i r ia t s .  ( ~ C - ~ ? l ,  P. 3). 

f2n. Prcfessor  i?ausnan re l ied on pr ice  decreases of ?.l percent i n  

Inn? and c.2 percent i n  lnnp i n  his i n j u r y  ca lcu la t ions .  These price decrease 

. .are .  h s e d  on conparin: " fcrmas  t " prices f o r  t lie $:zo or:t of market case 

(C::-?,!7, 2. nnnnP56) v i t l :  "proSat . le"  prices for the 19:zo i n  market case 



P - c l  f 6  9' .... . prcb3!;1e'' price forecasts  are cocTared for the ye3rs 

lo?!' an6 l"'??, the resulting price declines are  5.3 percefit i n  132F and L 1 . l  

percent i n  1990. (Cx-217, p. Y W P 5 4 ;  r.x-4fY7, p. L l f - 1 ? ? 4 ) ,  

p31. I n j u r y  calculations f o r  t h e  sane range of s l a s t i c i t i e s  used 

''Y Trofessor 13usnan rthen price r!eclines o f  5.3 percent i n  1P:S nnc! 4 . 1  

percent i n  l??O a r e  used a r e :  

Avernfle ,lnnual In iurv 

q ? ? .  "rofessor i:aiisnan's i n j u r y  calculations re ly  on the following 

#t. \ .. , Ikuswn's calculation o f  the :Iilr:,in o f  revenue per pOuq1! 
*.eforc t'le entry  o f  A!;ZO is hasclri on suhtrncting T u  Font 
nencratec! unit vnria+li? c o s t s  fror. t h e  i n i t i n ! ,  unit SellinZ 
prices.  (c:.:-?rl; c::-:fil;,; c::-:.11.7), 



(d: ?mei' oi! che forecaste,!  decrease i n  price nnc! t b  chosen 
e l a s t i c i t y ,  ;;ilus7an czlcl i lates t l e  :iarI:ct expansion ref-ulting 
frol-1 t h z  price :!ecrercse. Tor e x m p ? ~ ,  i n  t i e  estinated 
price  ! ecre?se  o f  i.? perccnl cop!>ined w i t h  In ossuned 
e l a s t i c i t y  o f  P.7 r c s o l t s  i n  a nnrket expansion of 5.1  
percent, *JI:icb i s  appLied  t o  t:ie i n i t i a L  s!;ipnent figures i n  
(3)  tc  a r r i v e  at t he  zspandei! market .size. (C::-'>~I, pp. 
!!7PW0?-T7Pf'"l?). 

(a) i h U S 7 J n ' S  cnlculaticn o f  Du ?ont's Targin of  revenue per 
pounc! a f t e r  the Z n t r y  of  N:eo i s  based on sustracting tlle unit 
voria?>le COSC f ro l ;  tIie lotier u n i t  price result in2 fron .?I ;zo 's  
entry. (C::-671, p;. "7?Tnn?-n7Pq)13). 

(11) The "Tu Font increrxntal  p r o f i t  with ~?l:zo entry" is 
calculate.! kjr n u l t i p l y i n z  ?u ?ant's shipments's i n  (f) by Du 
?ant's marsin o f  revc?2ue per pound i n  (s). (C::-G71, pp. 
n?fiPnPn-n;?nl- I *  

(i) T?ie i n j u r y  t o  nu ?ont resu!.tin: f ron  the entry o f  Akzo 
i n t o  t!lc U.C.  ?ar!:et i s  c::lculate.ti by subtractins tlie 
ir:crer.iental p r o f i s  s i th  hl:zo entry ( !I)  f ro r ,  tile increnentel 
p r c f i t  :I:t!lr?ut ,\!:zo entry ( c ! .  (C:;-<?:, pp. ?:n?@nn-?7w01?). 



1:no::n 5 y  econonists a s  "t!ie la;: of one price." (::nusaa:i, !X-!#O, p .  1; 

: :ac~voy, CI:-654, pp. 30-.?1; T r . ,  p. 2 6 5 4 ) .  

934. The "equ.ilibriut principle" 1:01c!s t1.at f o r  sone product s  

that are sold worldwide, changes in su?ply 3nZ dcnnnd coiiditions arc  

"trsnmitted frori one part o f  the world t o  anot:ier, and prices vi11 adjust  

until an equi l i5r iua i s  estn!::isF.:d." (FIX-12, pp. 13-1!*), 

inports into the T!.S. by X1:r:o and i n j u r y  to Fu ?ont because Cu Pont uoull  5e 

diyectly to the Yritetf Etates o r  whether ?u Port real locates  i t s  o m  

q w n t i t i c s  supplieil to t'ye !,'niter: t ; n t e c  ir! responne t o  .\%zo conpetition i n  

* Soqe -11 Pent ex'tecutivos Selievz t!;nt i f  dkzo sol:! o n l y  i n  

c ..trope, tlrc I!.S. nra?ir! w r !  ct *rould >e affec ted  by .\!:za's European a c t i o n s ,  

s p e c i f i c a l l y  v i t h  r c s p e c t  t o  t':e effec t  of Iomr prices i n  Zurope on V.S. 

prices.  (;:ec!:t.rt, p::-cln - , pp.  LL6-115, 12T; Cardinal ,  Ri-50P, pp. :A3-:4"; 



???. t:r. %nry S e l i e v e s  that although r k z O ' s  entry  i n t o  Europe 

a lcne vi11 c a ~ l s e  sone p r i c e  e r o s i o n  in t!ie United S t a t e s ,  the dezree of  

p r i c e  erosion uould be g r e a t e r  i f  I k o  were to  conpete d i r e c t l y  i n  the C.S. 

oranid mrket .  This b e l i e f  i s  based on the e x i s t e n c e  o f  r? i f ferec t  

competit ive condit ions  between Europe and the I!l?ited S t a t e s  i f  Akzo conpetes 

in ope norl'et but' not i n  the other. (l:enry, C::-?"?, ?Po 2-4). 

"?. ?rc fessor  ::nusr;,nn Lel i cves  that  " a  f i rn  v i 1 1  charze 

d i f f e r e n t  pr icec  i n  C:JO narLets so Ion2 as ar!)itraCe cannot take place ~ ~ m l  

the  denanc: condit ions  ir, t h e  two narkets a r e  not s u l s t n n t i a l l y  s i m i l a r .  If 

n u  Pont rece ives  ITS p r o t e c t i o a ,  t'vc d i f ferent  narkets  vi11 e x i s t  i n  t h e  YX 

n!!n. Trofessor IIausnan provided esnnples of  products t h a t  sold at  

d i f ferent  prices i n  the TTnited S t a t e s ,  ~ a p 3 n ,  and Europe as a result of 

trade Ixirriers i n  tk;. L'nited Ztntes,  ? r i c e s  were reported for f i v e  metal 

n l l l -  Frofcsssr  i:nusnan provided exnaples of products that  sold at 

d j f fere . : t  price? i n  jifftrent ~co ; rap! t i c  mrI;cts. 

1n-q , carhc;l am? alloy s t e s l  pr ices  i n  t!:e ? X C  ?nd the s:orld were 17 percent 

In the f irst  quarter  of 

.3nd 4 0  Fcrccnt l o v e r ,  r e s p e c t i v e l y ,  t h a n  i n  tbe T'niter! S t a t e s .  ( I : a u s 3 a n ,  

3c),n? \ c::-ri7 1 , 7p. .-._ - J , 

742.  ?can I:acrivop bel ieves  t5a t  " : ~herc  a product i s  supplied hy 3 

s i n z l e  supplier f r o n  ZI s i n g l e  p l a n t ,  a2r1 where t1.e cost  of t ransport ing the 

product i s  not exce s s i ve ,  i t  i s  act  possiblt .  t o  ! l a w  separate :cogrctp'iic Q 

-3rkct unless t ' icre cIr2 icpenet rnhle trade t a r r i e r s . "  ( I h c A V O Y ,  !!:;-I~S P o  



n41. ? e m  ' : a~?~voy t z s t i f i e c !  that  Fu PoRt could naintain a pr ice  

d i f f e r s n t i n l  betveen the United S t a t e s  and Lurcpe.m marllets o v e r  a .period o f  

y e a r s ,  but t!iat the e q u i l i b r i a t i n g  p r i n c i p l e  w i l l  go to  rrork over a lenztl? 

o f  t i n e  t o  bring the p r i c e s  togetker.  ( I h c , ~ v o l ; ,  Tr., p. 3 ? 3 l ) .  

344. Dean !!ac,\voy t e s t i f i e d  that  even wllere the e q u i l i b c i u 3  

F r i n c i 2 l e  i s  a t  work, the equal izat ion can he actiieved only over a lenzth of 

t i l e  o r  d u r i n g  tlie loris run. :!le "long run" r e f e r s  t o  tl:2 perioc! 19F~-ln!?G, 

accort!ing t o  Pean :ac4\voy. (:';lc~voy, T r . ,  pp. 2331, 2353). 

?45. :lr. 3roekneyer t e s t i f i e d  that  Bkzo vould t r y  to  maintain a 

!:izher p r i c e  i n  the United S t a t e s  than i n  Europe. (Zroekneyer, T r - ,  P o  

31 m) . 
?45. ?rofcssor h u m a n  c i t e d  n paper hy Yudiger Dornbusch, an 

i n t e r n a t i o n a l  c c o n o n i s t ,  vl:ich states that' "t1:ere a r e  r e l a t i v e l y  p e r s i s t e n t  

i ind ofter? 1ari;e deviat ions  fron [ t k  lav o f  one ? r i c e ] " ,  and " a l l  a v a i l a b l e  

evi. lence sugzests  that [t!w law ,of one p r i c e ]  does not apply  i n  the Sane 

- 

f ; l s h i n n  - t o  nanuf3ctured COOC!S."* (enpIT.isis in o r i g i n a l ,  ikicdvoy Exhib i t  1, 

pp. 13-14). 



COIXLUSIOKS OF LAW 

1. Claim 13 of Letters Patent No. 3,767,756 (the '756 patent) is not 

i n v a l i d  under 35 U.S.C. 53102, 103 and 1.12. 

2. Claim 13  of the '756 patent is not unenforceable because of any 

mfsconduct, violation o f  the antitrust  laws or  patent misuse or for a n y  reason 

based on the record before the adninistrative law judge. 

3. Claim 13 of the '756 patent has been infringed by.each of the 

respond en t s. 

4. There i s  a domestic fndustry in the manufacture of aramid f i b e r  which 

4s ef f i c ient ly  and economically operated. 

t 

5. Importation of the ararnjd Uber made by claim 13 of t h e  '756 patent 

has not subs tan t i a l l y  i n jured the domes t i c f ndust ty .  

6. Importation of the aramid f i b e r  made by claim 13 of the '756 patent 

does have the tendency to substantfally injure the doclestlc industry. 

7 .  There is a violation of Section 337, of the Tariff  Act of  1030,  as 

amended, 19 U.S.C. 'J 1337 by each of the respondents. 

452 



Based on the Eoreqoinq €in:!inqs of f a c t ,  conclacims oE l a v ,  thc opir.ion 

and the record as a wholer ani! kivinq consi:?ere-1 a l l  nf  the pleadings a n d  

arguments presented orally and i n  hriefs ,  as well a s  proposed f i??ings o f  f a c t  

an6 C @ n C l U S i O n S  ot law, it  i s  the Adninistrative Law Judge's DE7ZR'!I!:A'?Ir?:' 

that there i s  a violation of section 33f i n  the Jnauthorized importation and 

s a l e  i n  tho Unite6 States  of  the accuseJ acaziid f ibers.  

The hdmin i s t r a t i v o  Law 2utfqe !iereSy CERTIFISS to the Commission the 

I n i t i e l  Determinatimr together : d i t t o  tho rccorlr! of  t h e  hearing i n  t h i s  

in*festiqation consisting of  t!ie l o l l w i n g :  

1. .  mkc t t a n c c r i i t  of t!re hearing, with sppropriat+ c o r r e c t i m s  as may 

kersa€tsr be ordered by tkLe A::ninistrative t s w  Juc!ge: and 

2.  ?he 5xhii)its s2ce:;tc.: into evir?e?.:e in t!ie course o f  the Clearing. 

f!ie pleadings of the p a r t i e s   re not c ~ r t i f i n d ,  E ince  they sro alresGy iq 

t!-,:e C m R i S S i G Z ' s  Fossesc io!] ir. a:cor3snc.r w i t h  to3lrrissicn Rulcs of ? r a c t i c c  

332 Procedure. 



.1 . 
Further, it is ORDERED that: 

. .  

b 

1. In accordance with Rule 210.44(b), all material heretofore marked & 

camera because o f  business, financial, and marketing data found by the - 
Administrative Law Judge to be cognizable as confidential business information 

under Rule ZOl.b(a1, is to be given five years in camera treatment from the 

date this investigation is terminated: and further 

2 .  The Secretary shall serve a copy of the public version of this 

Initial Determination upon all parties of record and the confidential version 

u F n  all counsel o f  record who are signatories to the protective order issued 

by the Administrative Law Judge in this investigation; and further 
. .  

3. This Initial Determination shall become the determination of the 
c , .  

Commission forty-five ( 4 5 )  days aft-er the service thereof, unless the 

Commission, within forty-five i 4 5 )  days after the date of filing of the 

Initial Determination shall 5av.e ordered review of the Initial Determination 

or certain issues therein pursuant to 19 C.F.R. 2LO(b) or 210.55 or by order 

shall have changer3 the effective date of the Initial Determination. 

Administrative Law Judqe 

Issued: Yay 9. 1985 
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OFFICE OF THE SECRETARY 

UNITED STATES INTERNATIONAL TFL4DE COMMISSION 
WASHINGTON, D.C. 20436 

May 31, 1985 

Mr. C h a r l e s  S. S t a r k  
Ant i t r u s t  D i v i s i o n  
U . S .  Department of J u s t i c e  
Room 7115, Main J u s t i c e  
Pennsylvania  Avenue & Tenth S t r e e t ,  N.W. 
Washington, D.C. 20530 

Dear Mr. S t a r k :  - 
E n c l o s e d  i s  a copy o f  t h e  n o n c o n f i d e n t i a l  v e r s i o n  o f  a n  i n i t i a l  d e t e r -  
m i n a t i o n  i s s u e d  r e c e n t l y  by a Commission a d m i n i s t r a t i v e  law judge  i n  
c o n n e c t i o n  w i t h  Certan ' ArmidFiber 

ITC Inv. No. 337-TA-194 

The Commission would appreciate r e c e i v i n g  any n i t t e n  comments your 
agency  cares t o  submit r e g a r d i n g  t h i s  i n i t i a l  d e t e r m i n a t i o n .  Any such 
comments must b e  f i led wi th  t h e  S e c r e t a r y ,  U.S. I n t e r n a t i o n a l  Trade 
Commission w i t h i n l o d a y s  of service of  t h e  i n i t i a l  de terminat ion .  
Should you have any q u e s t i o n s  r e g a r d i n g  t h e  i n i t i a l  d e t e n n i n a t i o n ,  
please c o n t a c t  MS. Catherine Field 
Off ice  of t h e  G e n e r a l  Counsel ,  U. S. I n t e r n a t i o n a l  Trade Commission, 
t e l e p h o n e  523- 0189, 

S i n c e r e l y  y o u r s ,  

Harold Sundstrom 
A s s i s t a n t  S e c r e t a r y  
P u b l i c  and Consumer Affairs Officer 

E n c l o s u r e  





OFFICE. OF THE SECRETARY 

UNITED STATES INTERNATIONAL TRADE COMMISSION 

WASHINGTON. D.C. 20436 

May 31, 1985 

Darrel J .  G b i n s t e a d ,  Esq. 
Department o f  H e a l t h  & 

Room 5 3 6 2 ,  North B u i l d i n g  
330 Independence Avenue, S.W. 
Washington,  D.C. 2 0 2 0 1  

Human S e r v i c e s  

E n c l o s e d  is a copy o f  t h 8  n o n c o n f i d e n t i a l  v e r s i o n  o f  a n  i n i t i a l  d e t e r -  
m i n a t i o n  i s s u e d  r e c e n t l y  by a Commission a d m i n i s t r a t i v e  law j u d g e  i n  
connec  t i o n  w i t h  Certan ' Armid Fiber. 

ITC Inv .  No. 337-TA-194 

The 'Commission would a p p r e c i a t e  r e c e i v i n g  any  w r i t t e n  comments your  
agency cares t o  submit r e g a r d i n g  t h i s  i n i t i a l  d e t e r m i n a t i o n .  Any such 
comments must be f i l e d  w i t h  t h e  S e c r e t a r y ,  U.S. I n t e r n a t i o n a l  Trade  
Commission w i t h i n 1 0  days  o f  s e r v i c e  of  t h e  i n i t i a l  d e t e r m i n a t i o n .  
Should you have any q u e s t i o n s  r e g a r d i n g  t h e  i n i t i a l  d e t e r m i n a t i o n ,  
please c o n t a c t  MS. Catherine Field 
Office of t h e  G e n e r a l  Counse l ,  U .S : In ternat iona l  T r a d e  Commission, 
t e l e p h o n e  523- 0189. 

S i n c e r e l y  y o u r s ,  - a K 
Harold Sundstrom 
Ass is t a n  t S e c r e t a r y  / 
P u b l i c  and Consumer Affairs Officer 

E n c l o s u r e  





UNITED STATES INTERNATIONAL TRADE COMMISSION 
~~ ~~ 

WASHINGTON. D.C. 20436 

May 31, 1985 
1 

Richard Abbey, Esq. 
Chief Counsel 
U . S ,  Customs Serv ice  
1301 Const i tut ion Avenue, N.W. 
Washington, D.C. 20229 

Dear Mr. Abbey: 

Enclosed l r  a copy of t h e  nonconfidentlal  vers ion o f  an i n i t i a l  deter- 
mination issued r e c e n t l y  by a Commission administrat ive  law judge In 
connection w i t h  Certam ' AramidFiber 

ITC Inv. No. 337-TA- 194 

The Commtrrion would appreciate rece iv ing  any w r i t t e n  comments your 
agency cares to rubmlt regarding t h i s  I n i t i a l  determination. Any such 
comoaentr must ba f i led w i t h  the Secretary, U.S. In ternat iona l  Trade 
Commfeslon withln10dayr  of aemrice o f  the i n l t l a l  determination,  
Should you have any quart ioas  regarding the  I n i t i a l  determlnrtion,  
plema contac t  ~ s .  Catherine Field 
OffLce of the General Counrrl, U.S. In ternat iona l  Trade Commlssionr 
telephone 523- 0189. 

Sincere ly  p u r a ,  

Harold Sundsttoln 
k s  ir t a n t  Sacra  taryl 
Public and Consumer Affair8 Officer 

Enclorurr 
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OFFICE OF THE SECRETARY 

UNITED STATES INTERNATIONAL TRADE COMMISSION 

WASHINGTON. D.C. 20436 

May 31, 1985 

Edward F. Glynn, Jr., Esq. 
A s s i s t a n t  D i r e c t o r  f o r  I n t e r n a t i o n a l  

Federal Trade Commission 
Room 502-4, Logan B u i l d i n g  
Washington,  D.C.  20580 

Antritrust 

Dear Mr. Glynn: 

E n c l o s e d  is  a copy o f  t h e - n o n c o n f i d e n t i a l  v e r s i o n  o f  a n  i n i t i a l  d e t e r -  
m i n a t i o n  issued r e c e n t l y  ?by a Commission a d m i n i s t r a t i v e  law j u d g e  in 
c o n n e c t  i o n  w i t h  Certam * A r d d  Fiber 

ITC I n v .  No. 337-TA-194 

The Commission would appreciate r e c e i v i n g  any  w r i t t e n  comments your  
agency cares t o  submit r e g a r d i n g  t h i s  i n i t i a l  d e t e r m i n a t i o n .  Any s u c h  
comments must be f i l e d  w i t h  t h e  S e c r e t a r y ,  U . S .  I n t e r n a t i o n a l  T r a d e  
Commission w i t h i n l o  days of service of  t h e  i n i t i a l  d e t e r m i n a t i o n .  
Should you have any q u e s t i o n s  r e g a r d i n g  t h e  i n i t i a l  d e t e r m i n a t i o n ,  
please c o n t a c t  &.. Catherine Field 
Office of t h e  G e n e r a l  Counse l ,  U . S .  I n t e r n a t i o n a l  Trade  Commission, 
t e l e p h o n e  523-0189. 

S i n c e r e l v  vours .  . .  

Harold Sundstrom 
A s s i s t a n t  S e c r e t a r y  
P u b l i c  and Consumer Affaire Officer 

E n c l o s u r e  




