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©  Novel  reinforced  fluoropolymer  composite  and  method  for  making  same. 
  A  novel  composite  comprises  a  substrate  having  a  coat- 
ing  matrix  including  an  initial  layer  of  a perfluoropolymer  and 
an  overcoat  comprising  a  fluoroelastomer,  a  fluoroplastic,  a 
fluoroelastomer/fluoroplastic  blend,  or  a  combination 
thereof.  The  perfluoropolymer  in  the  initial  layer  may  be  a 
perfluoroplastic,  a  perfluoroelastomer,  or  blends  thereof.  In  a 
separate  embodiment;  the  novel  composite  includes  a  subs- 
trate  coated  solely  with  one  or  more  layers  of  perfluoro- 
elastomer  alone  or  as  a  blend  with  a  perfluoroplastic.  Where 
the  substrate  is  not  susceptible  to  hydrogen  fluoride  corro- 
sion,the  composite  may  include  solely  one  or  more  layers  of  a 
blend  of  a  fluoroelastomer  and  a  hydrogen-containing  perf- 
luoroplastic.  Cross-linking  accelerators  may  be  used  to  cross- 
link  one  or  more  of the  resins  contained  in  the  coating  layers. 
Each  composite  may  be  topcoated  with  the  layer  or  layers  of  a 
fluoroplastic,  fluoroelastomer,  and/or  a  blend  thereof.  The 
composite  is  flexible,  exhibits  good  matrix  cohesion  and  pos- 
sesses  substantial  adhesion  of  the  matrix  to  the  material  act- 
ing  as  the  reinforcement  or  substrate.  A  method  for  making 
such  a  composite  comprises  the  unique  deployment  of  a 
perfluoropolymer  directly  onto  the  substrate  in  a  relatively 

small  amount  sufficient  to  protect  the  substrate  from  chemi- 
cal  corrosion  without  impairing  flexibility,  followed  by  the 
application  of  the  overcoat  layer. 



B a c k g r o u n d   of  the  I n v e n t i o n  

This   is  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   o f  

U n i t e d   S t a t e s   a p p l i c a t i o n   S e r i a l   No.  4 8 4 , 5 9 4 ,   f i l e d  

on  A p r i l   13,  1 9 8 3 .  

Th i s   i n v e n t i o n   r e l a t e s   to  new  and  u s e f u l   f l u o r o -  

p o l y m e r   c o m p o s i t e s   c o m p r i s i n g   c o a t e d   s u b s t r a t e s .   M o r e  

p a r t i c u l a r l y ,   the   i n v e n t i o n   r e l a t e s   to  a  new  f l u o r o -  

e l a s t o m e r / f l u o r o p l a s t i c   m a t r i x   u s e f u l   as  a  c o a t i n g   i n  

t he   m a n u f a c t u r e   of  r e i n f o r c e d   woven  c o m p o s i t e s   w h i c h  

; a r e   f l e x i b l e ,   e x h i b i t   good  m a t r i x   i n t e g r i t y ,   and  p o s -  
s e s s   good  a d h e s i o n   or  b o n d i n g   of  the   c o a t i n g   m a t r i x  

to  t he   s u b s t r a t e .   The  i n v e n t i o n   i n c l u d e s   c o m p o s i t e s  
wh ich   a l s o   have  e x t r a o r d i n a r y   c h e m i c a l   r e s i s t a n c e ,  

p a r t i c u l a r l y   at   e l e v a t e d   t e m p e r a t u r e s  a n d   in  h u m i d  

e n v i r o n m e n t s .   The  i n v e n t i o n   f u r t h e r   r e l a t e s   t o  a  

me thod   of  making   such   c o m p o s i t e s   w h e r e b y   t h e   d e s i r a b l e  

h i g h   t e m p e r a t u r e ,   c h e m i c a l   i n e r t n e s s   of  f l u o r o p l a s t i c  

m a t e r i a l s   is  c o m b i n e d   w i t h   t he   d e s i r a b l e   m e c h a n i c a l  

p r o p e r t i e s   of  f l u o r o e l a s t o m e r s   in  such  a  way  as  t o  

m a i n t a i n   a  d e s i r a b l e   f a b r i c - l i k e   f l e x i b i l i t y .  

P e r h a p s   t he   most   w e l l - k n o w n   s u b c l a s s   of  f l u o r o -  

p o l y m e r s   a re   s u b s t a n c e s   c a l l e d   " p e r f l u o r o p l a s t i c s "  

w h i c h   a r e   g e n e r a l l y   r e c o g n i z e d   to  have  e x c e l l e n t   e l e c -  

t r i c a l   c h a r a c t e r i s t i c s   and  p h y s i c a l   p r o p e r t i e s ,   s u c h  

as  a  low  c o e f f i c i e n t   of  f r i c t i o n ,   a  low  s u r f a c e   f r e e  

e n e r g y   ( i . e . ,   n o n - w e t t i n g   to  many  o r g a n i c   f l u i d s ) ,   a n d  

a  v e r y   h i g h   d e g r e e   of  h y d r o p h o b i c i t y .   F l u o r o p l a s t i c s ,  

and  p a r t i c u l a r l y   p e r f l u o r o p l a s t i c s   ( i . e . ,   t h o s e   f l u o r o -  

p l a s t i c s   which   do  no t   c o n t a i n   h y d r o g e n ) ,   such   as  p o l y -  

. t e t r a f l u o r o e t h y l e n e   (PTFE) ,   f l u o r o   ( e t h y l e n e - p r o p y l e n e )  

c o p o l y m e r   (FEP)  and  c o p o l y m e r s   of  t e t r a f l u o r o e t h y l e n e  



and  p e r f l u o r o - p r o p y l   v i n y l   e t h e r   (PFA) ,   a re   r e s i s t a n t  

to  a  w i d e   r a n g e   of  c h e m i c a l s ,   even   at   e l e v a t e d   t e m p e r -  
a t u r e s ,   m a k i n g   them  p a r t i c u l a r l y   u s e f u l   in  a  v a r i e t y  
of  i n d u s t r i a l   and  d o m e s t i c   a p p l i c a t i o n s .   H o w e v e r ,   d u e  

to  t he   p a r t i a l l y   c r y s t a l l i n e   n a t u r e   of  t h e s e   f l u o r o -  

p l a s t i c s ,   t h e y   e x h i b i t   a  d e g r e e   of  s t i f f n e s s   or  l a c k  

of  c o m p l i a n c e   wh ich   is  d e t r i m e n t a l   to  t he   u t i l i z a t i o n  

of  t h e s e   d e s i r a b l e   p r o p e r t i e s .   T h i s   s h o r t c o m i n g   i s  

p a r t i c u l a r l y   n o t i c e a b l e   and  o b j e c t i o n a b l e   in  a  r e i n -  

f o r c e d   c o m p o s i t e   w h e r e   some  d e g r e e   of  f l e x i b i l i t y ,  

e l a s t i c i t y ,   a n d / o r   c o n f o r m a b i l i t y   is  n e c e s s a r y .  

The  b r o a d   c l a s s   of  f l u o r o p o l y m e r s   a l s o   i n c l u d e s  

s u b s t a n c e s   c a l l e d   " f l u o r o e l a s t o m e r s "   wh ich   a re   n o t  

o n l y   e l a s t o m e r i c ,   bu t   a l s o   p o s s e s s ,   a l t h o u g h   to  a  

l e s s e r   d e g r e e ,   t he   a f o r e m e n t i o n e d   p h y s i c a l   and  e l e c -  

t r i c a l   p r o p e r t i e s   of  a  f l u o r o p l a s t i c .   F l u o r o e l a s t o -  

m e r s ,   i n c l u d i n g   p e r f l u o r o e l a s t o m e r s ,   have   t h e   l o w  

f l e x   m o d u l u s   and  c o n f o r m a b i l i t y   w h i c h   f l u o r o p l a s t i c s  

l a c k .   The  h y d r o g e n - c o n t a i n i n g   f l u o r o e l a s t o m e r s ,   h o w -  

e v e r ,   do  n o t   m a i n t a i n   o t h e r   a d v a n t a g e o u s   p h y s i c a l   p r o p -  
e r t i e s   a s s o c i a t e d   w i t h   f l u o r o p o l y m e r s   o v e r   as  b r o a d   a  

t e m p e r a t u r e   r a n g e ,   or  a t   as  h i g h   a  l e v e l ,   as  do  t h e  

p e r f l u o r o p l a s t i c s .   In  o t h e r   w o r d s ,   p e r f l u o r o p l a s t i c s  

s i m p l y   p e r f o r m   b e t t e r   o v e r   a  w i d e r   t e m p e r a t u r e   r a n g e .  

M o r e o v e r ,   t h e   f l u o r o e l a s t o m e r s   wh ich   c o n t a i n   h y d r o g e n  

( i . e . ,   w h i c h   a r e   p a r t i a l l y   f l u o r i n a t e d )   g e n e r a l l y  

d e g r a d e   r a p i d l y   a t   h i g h e r   t e m p e r a t u r e s   r e s u l t i n g   n o t  

o n l y   in  t he   l o s s   of  p h y s i c a l   i n t e g r i t y   bu t   a l s o   i n  

t he   f o r m a t i o n   of  h y d r o f l u o r i c   a c i d .   H y d r o f l u o r i c  

a c i d   i s ,   of  c o u r s e ,   h i g h l y   c o r r o s i v e   to  most   m a t e -  

r i a l s ,   i n c l u d i n g   t h o s e   n o r m a l l y   used   as  r e i n f o r c i n g  

s u b s t r a t e s   f o r   t e x t i l e   c o m p o s i t e s ,   and  p a r t i c u l a r l y  

to  f i b e r g l a s s   s u b s t r a t e s .   For   t h i s   r e a s o n ,   h y d r o g e n -  

c o n t a i n i n g   f l u o r o e l a s t o m e r   b a s e d   c o m p o s i t e s   p r e s e n t l y  

' u s e d   in  h i g h   t e m p e r a t u r e   e n v i r o n m e n t s   r e q u i r e   r e l a -  

t i v e l y   f r e q u e n t   r e p l a c e m e n t .   N o t w i t h s t a n d i n g   t h e s e  



d r a w b a c k s ,   f l u o r o e l a s t o m e r s   c o n t a i n i n g   h y d r o g e n   a r e  

c o n s i d e r e d   e x c e l l e n t   c a n d i d a t e s   fo r   use  in  a  v a r i e t y  
of  c o m m e r c i a l   a p p l i c a t i o n s   r e q u i r i n g   a  l ower   f l e x  

m o d u l u s   t h a n   t h a t   p o s s e s s e d   by  the   s t i f f e r   f l u o r o -  

p l a s t i c s .  

In  t h i s   r e g a r d ,   a t t e m p t s   have  been   made  to  e m p l o y  

r e i n f o r c e d   f l u o r o e l a s t o m e r   c o m p o s i t e s   where   g o o d  

t h e r m o - c h e m i c a l ,   as  w e l l   as  m e c h a n i c a l   p r o p e r t i e s ,   - 

i . e .   low  m o d u l u s ,   a re   r e q u i r e d   a t   h i g h e r   t e m p e r a t u r e s .  

One  such   a p p l i c a t i o n   is  in  h i g h   t e m p e r a t u r e   e x p a n s i o n  

j o i n t s   wh ich   c o n n e c t   l a r g e   d u c t   s e c t i o n s   in  a p p l i c a -  

t i o n s   such   as  power   p l a n t   s y s t e m s .   T h e s e   d u c t s   h a v e  

in  the   p a s t   b e e n   j o i n e d   a t   t h e i r   s e c t i o n   ends   by  m e t a l  

b e l l o w s   w h i c h ,   w h i l e   b a s i c a l l y   c h e m i c a l l y   and  t h e r -  

m a l l y   s o u n d ,   p r o v i d e . m i n i m a l   t h e r m o - m e c h a n i c a l   s h o c k  

r e s i s t a n c e   u n d e r   n o r m a l   o p e r a t i n g   c o n d i t i o n s ,   w h i c h  

can  i n v o l v e   t e m p e r a t u r e s   up  to  5 5 0 ° F . ,   or  even  6 5 0 ° F .  

In  an  e f f o r t   to  i m p r o v e   the   m e c h a n i c a l   p r o p e r t i e s   o f  

m e t a l   e x p a n s i o n   j o i n t s ,   t he   f l e x i b i l i t y   of  a n  i n d u s -  

t r i a l   f a b r i c   is  d e s i r e d ,   and  f a b r i c   c o m p o s i t e s   c o a t e d  

w i t h   f l u o r o e l a s t o m e r   ba sed   r u b b e r   c o m p o u n d s   have  b e e n  

u s e d .  

These   f a b r i c   c o m p o s i t e s   have  used   v a r i o u s   r e i n -  

f o r c e m e n t   m a t e r i a l s ,   i n c l u d i n g   f i b e r g l a s s   f a b r i c ,  

c o a t e d   w i t h   a  m a t r i x   c o n t a i n i n g   a  f l u o r o e l a s t o m e r  c o m -  

p o s i t i o n   b a s e d   on  c o p o l y m e r s   of  h e x a f l u o r o p r o p y l e n e  

(HFP)  and  v i n y l i d e n e   f l u o r i d e   (VF2)  or  t e r p o l y m e r s  

i n c l u d i n g   HFP,  VF2  and  t e t r a f l u o r o e t h y l e n e   ( T F E ) .  

The  f l u o r o e l a s t o m e r   m a t e r i a l s   used   a l l   c o n t a i n   a t  

l e a s t   some  h y d r o g e n   and ,   as  s u c h ,   a re   s u s c e p t i b l e   t o  

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

e l i m i n a t i o n .   M o r e o v e r ,   in  o r d e r   for   t he   p r i o r   a r t  

f l u o r o p o l y m e r   c o m p o s i t e s   to  be  u s e f u l   in  h igh   t e m p e r a -  

t u r e ,   c h e m i c a l l y   c o r r o s i v e   a p p l i c a t i o n s ,   t h e y   c u s t o m -  

- a r i l y   i n c o r p o r a t e   a  r e l a t i v e l y   t h i c k   m a t r i x   of  t h e  

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



s t i f f n e s s   and  p o t e n t i a l l y   a g g r a v a t i n g   p r o b l e m s  
d e r i v i n g   f rom  h y d r o f l u o r i c   a c i d   f o r m a t i o n   and  t h e r m a l  

e m b r i t t l e m e n t .   In  an  e f f o r t   to  a v o i d   t h e s e   p r o b l e m s ,  

c o m p o s i t e s   u s i n g   h y d r o g e n - c o n t a i n i n g   f l u o r o e l a s t o m e r  

c o m p o u n d s   a r e   b e i n g   r e i n f o r c e d   w i t h   a c i d   r e s i s t a n t  

a l l o y s   such   as  INCONEL,  or  h i g h   t e m p e r a t u r e   s y n t h e t i c s ,  

such   as  NOMEX  and  KEVLAR.  None  of  t h e s e   c o m p o s i t e s ,  

h o w e v e r ,   o f f e r   t he   d e s i r e d   c o m b i n a t i o n   of  t h e r m a l   a n d  

c h e m i c a l   r e s i s t a n c e   w i t h   a c c e p t a b l e   m a t r i x   i n t e g r i t y .  

Even  whe re   c h e m i c a l l y   i n s u s c e p t i b l e   s u b s t r a t e s ,  

such   as  PTFE,  have   been   c o a t e d   w i t h   f l u o r o p o l y m e r s ,  

such   as  in  W e s t l e y ,   U .S .   P a t e n t   No.  3 , 5 1 3 , 0 6 4 ,   t h e  

r e s u l t i n g   c o m p o s i t e s   c o u l d   o n l y   be  a c h i e v e d   by  s e l e c t -  

ing  s p e c i f i c   c o a t i n g   m a t e r i a l s   as  l i m i t e d   by  p r o c e s s -  

ing  c o n d i t i o n s ,   s u c h - t h a t   t he   c o m p o s i t e s   p o s s e s s e d  

p r o p e r t i e s   p e r m i t t i n g   use  o n l y   in  c e r t a i n   n a r r o w  

a p p l i c a t i o n s .  

In  t h e   hope   of  a c h i e v i n g   an  i m p r o v e d   b a l a n c e   o f  

f l u o r o p o l y m e r   p r o p e r t i e s ,   p r i o r   a t t e m p t s   have  b e e n  

made  to  c o m b i n e   t h e   r e s p e c t i v e   good  p r o p e r t i e s   o f  

f l u o r o p l a s t i c   and  f l u o r o e l a s t o m e r   m a t e r i a l s   in  t h e  

m a n u f a c t u r e   of  c o a t e d   f a b r i c .   But  t h e s e   a t t e m p t s  

have   p r o d u c e d   b l e n d s   w h i c h   e i t h e r   s u f f e r   the   c o m b i n e d  

d i s a d v a n t a g e o u s   p r o p e r t i e s   of  t he   c o m p o n e n t s   o r  

e x h i b i t   d i m i n i s h e d   good  p r o p e r t i e s ,   p a r t i c u l a r l y   a t  

h i g h e r   t e m p e r a t u r e s ,   fo r   e x a m p l e   a b o v e   a b o u t   5 0 0 ° F .  

A  t y p i c a l   e x a m p l e   of  t h e s e   p r i o r   a t t e m p t s   is  found  i n  

U .S .   P a t e n t   No.  3 , 0 1 9 , 2 0 6   to  R o b b .  

W h i l e   p e r f l u o r o p o l y m e r s ,   w h e t h e r   t h e r m o p l a s t i c   o r  

e l a s t o m e r i c ,   p o s s e s s   e x c e l l e n t   t h e r m a l   and  c h e m i c a l  

s t a b i l i t y ,   i t   is  d i f f i c u l t   to  fo rm  d u r a b l e   b o n d s  

b e t w e e n   them  and  o t h e r   m a t e r i a l s   due  to  t h e i r   l o w  

s u r f a c e   f r e e   e n e r g y   and  c h e m i c a l   i n e r t n e s s .   T h i s  

d i f f i c u l t y   is  c o n v e n t i o n a l l y   o b v i a t e d   by  p r o v i d i n g  

' r o u g h e n e d   s u r f a c e s   to  p r o m o t e   m e c h a n i c a l   b o n d i n g ,   s u c h  

as  e m p l o y i n g   i n o r g a n i c   f i l l e r s   or  a b r a d e d   s u r f a c e s .  



S p e c i f i c   s u r f a c e   t r e a t m e n t s ,   such   as  t h o s e   b a s e d  u p o n  

c h e m i c a l   e t c h i n g ,   may  a l s o   be  e m p l o y e d .   But  none  o f  

t h e s e   known  t e c h n i q u e s   r e s u l t s   in  b o n d i n g   wh ich   i s  

p a r t i c u l a r l y - s t r o n g   or  d u r a b l e   u n d e r   e n v i r o n m e n t a l  

s t r e s s e s ,   such   as  u l t r a v i o l e t   or  t h e r m a l l y   i n d u c e d  

o x i d a t i o n .  

A c c o r d i n g l y ,   i t   is  an  o b j e c t   of  t h i s   i n v e n t i o n  

to  p r o v i d e   a  f l u o r o p o l y m e r   c o m p o s i t e   c o m p r i s i n g   a  

s u b s t r a t e   c o a t e d   w i t h   a  f l u o r o e l a s t o m e r / f l u o r o p l a s t i c  

m a t r i x .   The  i n v e n t i o n   c o m p o s i t e   is  f l e x i b l e ,   e x h i b i t s  

good  m a t r i x   c o h e s i o n ,   and  p o s s e s s e s   e x c e l l e n t   a d h e s i o n  

of  the   m a t r i x   to  t he   m a t e r i a l   a c t i n g   as  the   r e i n f o r c e -  

ment  or  s u b s t r a t e ,   w h i l e   m a i n t a i n i n g   the  low  s t i f f n e s s  

a s s o c i a t e d   w i t h   a  f l u o r o e l a s t o m e r   c o m b i n e d   w i t h ,   w h e r e  

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

a  f l u o r o p l a s t i c .  

I t   is  a l s o   an  o b j e c t   of  t h i s   i n v e n t i o n   to  p r o v i d e  

a  f l u o r o p o l y m e r   c o m p o s i t e  w h i c h   is  r e l a t i v e l y   l i g h t ,  
bu t   s t r o n g ,   and  which   is  bo th   c h e m i c a l l y   and  t h e r m a l l y  

s u p e r i o r ,   p a r t i c u l a r l y   at  e l e v a t e d   t e m p e r a t u r e s   a n d  

u n d e r   humid  c o n d i t i o n s ,   w h i l e   a m e l i o r a t i n g   the   p o l y m e r  

d e g r a d a t i o n   p r o b l e m s   t h a t   have  h e r e t o f o r e   a r i s e n   i n  

the   use  of  c o m p o s i t e s   h a v i n g   a  c o a t i n g   m a t r i x   b a s e d  

upon  a  h y d r o g e n - c o n t a i n i n g   f l u o r o e l a s t o m e r .  

I t   is  a  f u r t h e r   o b j e c t   of  t h i s   i n v e n t i o n   to  p r o -  
v i d e   a  f l u o r o p o l y m e r   c o m p o s i t e   h a v i n g   o u t s t a n d i n g  

t h e r m o - c h e m i c a l   p r o p e r t i e s   fo r   use  as  c h e m i c a l   l i n e r s ,  

e x p a n s i o n   j o i n t s ,   and  l i f e   s a f e t y   d e v i c e s ,   such   a s  

e s c a p e   h o o d s ,   e s c a p e   c h u t e s   and  c h e m i c a l l y   p r o t e c t i v e  

c l o t h i n g .  

I t   is  y e t   a n o t h e r   o b j e c t   of  t h i s   i n v e n t i o n   t o  

p r o v i d e   a  c o m p o s i t e   h a v i n g   the   c o m b i n e d   a d v a n t a g e s   o f  

p e r f l u o r o p l a s t i c s   and  f l u o r o e l a s t o m e r s   which   can  b e  

used  to  make  e x c e l l e n t   p l i e d   c o n s t r u c t i o n s ,   i n c l u d i n g  

' m u l t i p l e   b i a s e d - p l i e d   c o m p o s i t e s ,   as  w e l l   as  c o m p o s i t e s  

h a v i n g   a  s i n g l e   c o a t e d   f a c e .  



Summary  Of  The  I n v e n t i o n  

In  a c c o r d a n c e   w i t h   t he   i n v e n t i o n ,   a  g r a d a t i o n  
of  f l u o r o p o l y m e r   l a y e r s   is  a c c o m p l i s h e d   to  form  a  

c o a t i n g   m a t r i x   f o r   a p p l i c a t i o n   to  a  s u b s t r a t e   in  t h e  

m a n u f a c t u r e   of  a  n o v e l   c o m p o s i t e .   The  f l u o r o p o l y m e r  

l a y e r s   may  i n c l u d e   p e r f l u o r o p o l y m e r   as  w e l l   a s  

h y d r o g e n - c o n t a i n i n g   f l u o r o p o l y m e r   c o m p o n e n t s   w h i c h  

a r e   d e p l o y e d   in  a  n o v e l   and  u n i q u e   way  so  as  to  c o m -  

b i n e   as  d e s i r e d   t h e   r e s p e c t i v e   a d v a n t a g e o u s   p r o p e r -  
t i e s   of  d i f f e r e n t   f l u o r o p o l y m e r   c o m p o n e n t s .   T h e  

h y d r o g e n - c o n t a i n i n g   f l u o r o p o l y m e r   c o m p o n e n t s   i n c l u d e  

f l u o r o p l a s t i c s ,   f l u o r o e l a s t o m e r s   and  b l e n d s   of  f l u o r o -  

e l a s t o m e r s   and  f l u o r o p l a s t i c s .   The  p e r f l u o r o p o l y m e r  

c o m p o n e n t   or  c o m p o n e n t s   a re   i n i t i a l l y   a p p l i e d   a n d  

p r o v i d e   a  h y d r o g e n - f r e e   i n t e r f a c e   s u c h   t h a t   a  s u b -  

s t r a t e   m a t e r i a l ,   w h i c h   m i g h t   o t h e r w i s e   be  s u s c e p t i b l e  

to  the   p o t e n t i a l   c o r r o s i v e   e f f e c t s   of  h y d r o g e n   f l u o r i d e  

g e n e r a t e d   by  any  h y d r o g e n - c o n t a i n i n g   f l u o r o p o l y m e r  

c o m p o n e n t   or  o t h e r w i s e ,   is  s h i e l d e d   f r o m  s u c h   e f f e c t s  

w h i l e   t he   b a s i c   f l e x i b i l i t y   of  t h e   s u b s t r a t e   is  m a i n -  

t a i n e d .   A  f l u o r o p l a s t i c   c o m p o n e n t   may  a l s o   c o m p r i s e  

the   t o p c o a t   or  s u r f a c e   l a y e r ,   or  a  p a r t   t h e r e o f ,   w h e r e  

the   b e h a v i o r   of  a  t h e r m o p l a s t i c ,   r a t h e r   t h a n   an  e l a s -  

t o m e r ,   is  d e s i r e d .   H y d r o g e n - c o n t a i n i n g   f l u o r o e l a s -  

tomer   c o m p o n e n t s   a r e   so  d e p l o y e d   w i t h i n   t h e   c o a t i n g  

m a t r i x   so  as  to  be  i s o l a t e d   by  the   p e r f l u o r o p o l y m e r  

l a y e r   from  a  s u b s t r a t e   p o t e n t i a l l y   s u s c e p t i b l e   t o  H F  

c o r r o s i o n ,   y e t   a r e   so  s i t u a t e d   as  to  e n h a n c e   the  f l e x -  

i b i l i t y   of  t h e   r e s u l t i n g   c o m p o s i t e   m e m b r a n e .   When 

d e p l o y e d   a s ,   or  w i t h i n ,   t h e   top   or  s u r f a c e   c o a t ,   t h e  

f l u o r o e l a s t o m e r   c o m p o n e n t   a l s o   f u n c t i o n s   to  e n h a n c e  

the   c o n f o r m a b i l i t y   of  t he   c o m p o s i t e   and  g e n e r a l l y   t o  

endow  the   s u r f a c e   w i t h   r u b b e r - l i k e   c h a r a c t e r i s t i c s .  

The  n o v e l   r e i n f o r c e d   c o m p o s i t e s   a c c o r d i n g   to   t h e  

i n v e n t i o n   i n c l u d e   a  s u b s t r a t e ,   p r e f e r a b l y   a  t e x t i l e  

s u b s t r a t e ,   c o a t e d   on  one  or  bo th   f a c e s   w i t h   a  m a t r i x  

c o m p r i s i n g :  



(A)  an  i n i t i a l   l a y e r   of  a  p e r f l u o r i n a t e d  

p o l y m e r ,   most   p r e f e r a b l y   a  p e r f l u o r o p l a s t i c ,   such   a s  

PTFE,  or  a  p e r f l u o r o e l a s t o m e r ,   such  as  KALREZ  ( D u P o n t ) ,  

or  b l e n d s   t h e r e o f ;   a n d  

(B)  a  f u r t h e r   o v e r c o a t   l a y e r   or  l a y e r s   o f  

(1)  a  f l u o r o e l a s t o m e r   or  p e r f l u o r o e l a s t o m e r ;   (2)  a  

f l u o r o p l a s t i c   or  p e r f l u o r o p l a s t i c ;   a n d / o r   (3)  a  b l e n d  

of  (i)  a  f l u o r o e l a s t o m e r   or  p e r f l u o r o e l a s t o m e r ,   a n d  -  

( i i )   a  f l u o r o p l a s t i c ,   p r e f e r a b l y   a  p e r f l u o r o p l a s t i c ,  

such   as  PTFE,  w h e r e i n   t he   f l u o r o e l a s t o m e r   or  p e r f l u o r o -  

e l a s t o m e r   c o m p r i s e s   a b o u t   10-90%  by  w e i g h t   of  t h e  

b l e n d ,   p r e f e r a b l y   a b o u t   25  to  60%  by  w e i g h t .  

In  a  s e p a r a t e   e m b o d i m e n t   of  the   i n v e n t i o n ,   t h e  

n o v e l   c o m p o s i t e s   w i l l   i n c l u d e   a  s u b s t r a t e   c o a t e d   s o l e l y  

w i t h   one  or  more  l a y e r s   of  p e r f l u o r o e l a s t o m e r   a l o n e  

or  as  a  b l e n d   w i t h   a  p e r f l u o r o p l a s t i c .   M o r e o v e r ,   w h e r e  

the   s u b s t r a t e   is  no t   s u s c e p t i b l e   to  HF  c o r r o s i o n ,   t h e  

c o m p o s i t e   may  i n c l u d e   s o l e l y   one  or  more  l a y e r s   of  a  

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

p e r f l u o r o p l a s t i c .  

In  o t h e r   e m b o d i m e n t s   of  the   i n v e n t i o n ,   t he   b a s i c  

c o a t i n g   m a t r i x   w i l l   c o m p r i s e   e l e m e n t s   A  and  B  as  s e t  

f o r t h   above   h a v i n g   a  m u l t i t u d e   of  f l u o r o p o l y m e r   c o a t -  

ing  l a y e r s   a l l   s t r a t e g i c a l l y   d e p l o y e d   to  a c h i e v e   t h e  

d e s i r e d   p r o p e r t i e s .   In  t h o s e   e m b o d i m e n t s   w h e r e i n   a  

s u b s t r a t e   is  c o a t e d   w i t h   a  m a t r i x   on  o n l y   one  f a c e ,  

t h e   s u b s t r a t e   may  be  a d h e r e d   to  a  d i f f e r e n t   s u b s t r a t e  

on  i t s   o t h e r   f a c e .   Each  c o m p o s i t e   a c c o r d i n g   to  t h e  

i n v e n t i o n   may  be  t o p c o a t e d   w i th   a  l a y e r   or  l a y e r s   o f  

a  f l u o r o e l a s t o m e r ,   f l u o r o p l a s t i c   a n d / o r   a  b l e n d   of  a  

f l u o r o p l a s t i c   and  f l u o r o e l a s t o m e r   which  may  be  d i f f e r -  

e n t   in  c o m p o s i t i o n   from  any  o v e r c o a t   b l e n d .  

In  a d d i t i o n ,   r e l a t i v e l y   s m a l l   amoun t s   of  c r o s s -  

l i n k i n g   a c c e l e r a t o r s ,   such  as  t r i a l l y l   i s o c y a n u r a t e ,  

t r i a l l y l   i m i d a z o l e ,   and  the   l i k e ,   may  be  used   t o  

c r o s s - l i n k   one  or  more  of  the  r e s i n s   c o n t a i n e d   in  t h e  



c o a t i n g   l a y e r s ,   as  d e s i r e d ,   by  use  of  h i q h   e n e r g y  
e l e c t r o n s   or  a c t i n i c   i r r a d i a t i o n .  

The  c o m p o s i t e s   made  in  a c c o r d a n c e   w i t h   v a r i o u s  

e m b o d i m e n t s   of  t h e   i n v e n t i o n   a re   c h a r a c t e r i z e d   b y  

good  m a t r i x   c o h e s i o n   and  a d h e s i o n   b e t w e e n   t h e   s u b -  

s t r a t e   and  the   f l u o r o p o l y m e r   m a t r i x .   C o m p o s i t e s   m a y  
a l s o   be  p r e p a r e d   w h i c h   p o s s e s s   e x t r a o r d i n a r y   r e s i s -  

t a n c e   to  t h e r m a l   a n d / o r   c h e m i c a l   d e g r a d a t i o n   a n d  

a c c o m o d a t i o n   to  t h e r m o - m e c h a n i c a l   s h o c k .   I n v e n t i o n  

c o m p o s i t e s   r e q u i r e   much  l e s s   c o v e r a g e ,   i . e .   r e d u c e d  

c o a t i n g   t h i c k n e s s ,   t h a n   s i m i l a r   p r i o r   a r t   c o m p o s i t e s  

so  as  to  p r o v i d e   a  l i g h t e r   a n d / o r   t h i n n e r ,   y e t   s t r o n g e r  

p r o d u c t .  

Any  s u i t a b l e  r e i n f o r c e m e n t   m a t e r i a l   c a p a b l e   o f  

w i t h s t a n d i n g   p r o c e s s i n g   t e m p e r a t u r e s   may  be  e m p l o y e d  

as  a  s u b s t r a t e .   E x a m p l e s   i n c l u d e ,   i n t e r   a l i a ,   g l a s s ,  

f i b e r g l a s s ,   c e r a m i c s ,   g r a p h i t e   ( c a r b o n ) ,   PBI  ( p o l y -  

b e n z i m i d a z o l e ) ,   PTFE,  p o l y a r a m i d e s ,   such   as  KEVLAR 

and  NOMEX,  m e t a l   w i r e ,   p o l y o l e f i n s   such   as  TYVEK, 

p o l y e s t e r s   such   as  REEMAY,  p o l y a m i d e s ,   p o l y i m i d e s ,  

n o v o l o i d   p h e n o l i c   f i b e r s ,   t h e r m o p l a s t i c s   s u c h   a s  

KYNAR,  TEFZEL,  and  KYNOL,  p o l y e t h e r   s u l f o n e s ,   p o l y -  

e t h e r   i m i d e s ,   p o l y e t h e r   k e t o n e s ,   c o t t o n ,   c l o t h   a n d  

o t h e r   n a t u r a l   as  w e l l   as  s y n t h e t i c   t e x t i l e s .   T h e  

s u b s t r a t e   may  c o m p r i s e   a  y a r n ,   f i l a m e n t ,   m o n o f i l a m e n t  

or  any  o t h e r   f i b r o u s   m a t e r i a l   e i t h e r   as  such   or  a s s e m -  .  

b l e d   as  a  t e x t i l e ,   or  any  w o v e n ,   n o n - w o v e n ,   k n i t t e d ,  

m a t t e d ,   f e l t e d ,   e t c .   m a t e r i a l .   D e p e n d i n g   upon  t h e  

n a t u r e   of  t he   s u b s t r a t e   and  t h e   i n t e n d e d   end  use  o f  

t h e   c o m p o s i t e ,   t h e   r e i n f o r c e m e n t   or  s u b s t r a t e   i s  

i m p r e g n a t e d ,   e i t h e r   i n i t i a l l y   or  s i m u l t a n e o u s l y   w i t h  

t h e   i n i t i a l   p o l y m e r   l a y e r ,   w i t h   a  s u i t a b l e   l u b r i c a n t  

or  s a t u r a n t ,   such   as  m e t h y l p h e n y l   s i l i c o n e   o i l ,   g r a p h -  

i t e ,   a  h i g h l y   f l u o r i n a t e d   f l u i d ,   such   as  FLUOROLUBE 

.o r   KRYTOX,  and  t h e   l i k e ,   and  may  i n c l u d e   a  c o u p l i n g  

a g e n t .   The  l u b r i c a n t   or  s a t u r a n t   p e r f o r m s   t h r e e   f u n c -  

t i o n s   v i s - a - v i s   t h e   r e i n f o r c i n g   s u b s t r a t e :  



(1)  As  a  l u b r i c a n t ,   i t   p r o t e c t s   the   s u b s t r a t e  

from  s e l f - a b r a s i o n   by  m a i n t a i n i n g   the  m o b i l i t y   of  t h e  

r e i n f o r c i n g   e l e m e n t s ;  

(2)  A s  a   s a t u r a n t ,   i t   i n h i b i t s   e x t e n s i v e   p e n e -  
t r a t i o n   of  the   i n i t i a l   p o l y m e r   c o a t   i n t o   the   s u b s t r a t e  

which   c o u l d   r e d u c e   f l e x i b i l i t y ;   a n d  

(3)  In  a  f i n i s h e d   p r o d u c t ,   i t   r e m a i n s   in  t h e  

s u b s t r a t e   to  i n h i b i t   w i c k i n g   of  m o i s t u r e   or  o t h e r  

d e g r a d i n g   c h e m i c a l s   t h r o u g h   the   s u b s t r a t e .   The  l u b r i -  

c a n t   or  s a t u r a n t   may  e i t h e r   be  a p p l i e d   s e p a r a t e l y   a s  

an  i n i t i a l   p a s s   or  in  c o m b i n a t i o n   w i t h   the  f i r s t   a p p l i -  

c a t i o n   of  p e r f l u o r o p o l y m e r   c o m p o n e n t .  

The  i n v e n t i o n   a l s o   e n c o m p a s s e s   a  n o v e l   me thod   o f  

making   i n v e n t i o n   c o m p o s i t e s   which  p r o v i d e s   fo r   t h e  

u n i q u e   d e p l o y m e n t   o f .  t h e   v a r i o u s   c o a t i n g   l a y e r s   c o m -  
:  

p r i s i n g   the   m a t r i x ,   as  h e r e t o f o r e   d e s c r i b e d ,   p a r t i c -  

u l a r l y   so  as  to  m i n i m i z e   the   d e l e t e r i o u s   e f f e c t s  

of  any  h y d r o g e n   f l u o r i d e   g e n e r a t e d   by  a  h y d r o g e n -  

c o n t a i n i n g   f l u o r o e l a s t o m e r   or  f l u o r o p l a s t i c   c o m p o n e n t  
and  to  m a i n t a i n   good  o v e r a l l   c o m p o s i t e   f l e x i b i l i t y .  

As  s u c h ,   t he   me thod   r e s u l t s   in  the   a c h i e v e m e n t   of  a n  

i m p r o v e d   p r o d u c t   h a v i n g   a  low  m o d u l u s   of  s t i f f n e s s  

and  good  c h e m i c a l   r e s i s t a n c e   a p p l i c a b l e   over   a  b r o a d  

r a n g e   of  t e m p e r a t u r e s   for   a  v a r i e t y   of  end  u s e s .  

D e t a i l e d   D e s c r i p t i o n  

The  i n i t i a l   l a y e r ,   d e s c r i b e d   as  e l e m e n t   A  a b o v e ,  

is  a p p l i e d   so  as  to  m i n i m i z e   the  s t i f f n e s s   of  t h e  

f i n a l   c o m p o s i t e   and  to  max imize   a d h e s i o n   of  the   m a t r i x  

to  the  s u b s t r a t e .   The  a p p l i c a t i o n   of  the  l a y e r   A  m a y  
be  a c c o m p l i s h e d   in  one  or  more  p a s s e s   and ,   p r e f e r a b l y ,  

any  o p e n i n g s   in  an  a s s e m b l e d   s u b s t r a t e   w i l l   r e m a i n  

s u b s t a n t i a l l y   open  in  o r d e r   to  e n h a n c e   f l e x i b i l i t y ,  

p a r t i c u l a r l y   where   any  a d d i t i o n a l   o v e r c o a t   l a y e r   o r  

' l a y e r s   a c c o r d i n g   to  e l e m e n t   B  are  c o n t e m p l a t e d .   I n  

i n s t a n c e s   where   the  s u b s t r a t e   to  be  employed   is  a n  



a s s e m b l e d ,   f i b r o u s   m a t e r i a l ,   the   i n i t i a l   c o a t i n g   l a y e r  

may  be  a p p l i e d   to  t h e   e l e m e n t s   of  the   m a t e r i a l   ( e . g .  
f i l a m e n t  o r   y a r n )   p r i o r   to  t h e i r  a s s e m b l y ,   by  e . g .   d i p  

c o a t i n g ,   i m p r e g n a t i n g   or  by  e x t r u s i o n   c o a t i n g .   T h e r e -  

a f t e r ,   s u c h   m a t e r i a l s   may  be  a s s e m b l e d   by  w e a v i n g ,  

k n i t t i n g ,   f e l t i n g ,   m a t t i n g ,   e t c .  

In  t h o s e   e m b o d i m e n t s   wh ich   i n c l u d e   bo th   a  h y d r o g e n -  

c o n t a i n i n g   f l u o r o p o l y m e r   and  a  c h e m i c a l l y - s u s c e p t i b l e  

s u b s t r a t e ,   s u c h   as  one  w h i c h   is   s u s c e p t i b l e   to  HF,  t h e  

p e r f l u o r i n a t e d   i n i t i a l   l a y e r   s h o u l d   be  s u f f i c i e n t   t o  

s u b s t a n t i a l l y   p r o t e c t   the   r e i n f o r c i n g   s u b s t r a t e ,   a n d  

in  p a r t i c u l a r ,   a  f i b e r g l a s s   s u b s t r a t e ,   from  c h e m i c a l s  

such   as  h y d r o g e n   f l u o r i d e   w h i c h   may  be  e n c o u n t e r e d .  

A g a i n ,   d e p e n d i n g   on  t he   s u b s t r a t e ,   a d d i t i o n a l   t h i n  

l a y e r s   of  p e r f l u o r o p o l y m e r   may  be  a p p l i e d   to  i n s u r e  

t h a t   t he   r e i n f o r c e m e n t   has   an  a d e q u a t e   p r o t e c t i v e  

l a y e r .   W i t h   t h e   p r o p e r   s e l e c t i o n ,   a p p l i c a t i o n ,   a n d  

d e p l o y m e n t   o f   t he   c o a t i n g   l a y e r s ,   t h e   p e n e t r a t i o n  

of  a g g r e s s i v e   c h e m i c a l s   s u c h   as  h y d r o g e n   f l u o r i d e ,   i s  

i m p e d e d   by  t h e   p r o t e c t i v e   h y d r o g e n - f r e e   p e r f l u o r o -  

p o l y m e r   i n t e r f a c e ,   w h i l e   f l e x i b i l i t y   is  m a i n t a i n e d .  

The  i n i t i a l   c o a t i n g   is  t h e n   c o v e r e d   w i th   a  l a y e r  

or  l a y e r s   of  a  f l u o r o p l a s t i c ,   f l u o r o e l a s t o m e r ,   a  

f l u o r o e l a s t o m e r / f l u o r o p l a s t i c   b l e n d   or  any  c o m b i n a -  

t i o n   t h e r e o f ,   as  e l e m e n t   B  d e s c r i b e d   a b o v e .   P r e f e r -  

a b l y ,   t h i s   p o r t i o n   of  the   m a t r i x   i n c l u d e s   a  l a y e r   o r  

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

such   p r o p o r t i o n s   so  as  to  i m p a r t   t he   d e s i r e d   b a l a n c e  

of  f l u o r o p o l y m e r   p r o p e r t i e s   to  t he   c o m p o s i t e .   F o r  

e x a m p l e ,   w h e r e   a  c o m p o s i t e   h a v i n g   more  p r o n o u n c e d  

e l a s t o m e r i c   p r o p e r t i e s   is  d e s i r e d ,   i n c r e a s e d   p r o p o r -  
t i o n s   of  t h e   f l u o r o e l a s t o m e r   a re   u sed   in  t he   b l e n d .  

I t   has   been   f o u n d   t h a t   t h r o u g h   the   c o m b i n a t i o n   of  t h e  

l a y e r   A  and  t h e   l a y e r   B,  p a r t i c u l a r l y   e m p l o y i n g   t h e  

. f l u o r o e l a s t o m e r / f l u o r o p l a s t i c   b l e n d   a c c o r d i n g   to  t h e  

i n v e n t i o n ,   a d e q u a t e   c o h e s i o n   w i t h i n   the   m a t r i x   i t s e l f  



as  w e l l   as  m a t r i x   to  s u b s t r a t e   a d h e s i o n   is  o f t e n  

a c h i e v e d   by  t h e r m a l   means  a l o n e   w i t h o u t   any  p r i o r  

p h y s i c a l   or  c h e m i c a l   t r e a t m e n t   of  the   s u b s t r a t e   o r  

i n d i v i d u a l   m a t r i x   l a y e r s   and  w i t h o u t   the   use  of  a d h e -  

s i o n   p r o m o t e r s .   T h r o u g h   the   use  of  the   i n v e n t i o n  

m a t r i x   and  the   p a r t i c u l a r   d e p l o y m e n t   of  the  l a y e r s  

t h e r e o f   v i s - a - v i s   each  o t h e r   and  t he   s u b s t r a t e   i n  

a c c o r d a n c e   w i t h   the   i n v e n t i o n   m e t h o d ,   the   a b i l i t y   t o  

m a i n t a i n   an  a d e q u a t e   d e g r e e   of  a d h e s i o n   is  a c h i e v e d ,  

w h i l e   m a i n t a i n i n g   f l e x i b i l i t y   and  the   d e s i r e d   p r o p e r -  

t i e s   of  t h e   d i f f e r e n t   f l u o r o p o l y m e r   c o m p o n e n t s   of  t h e  

m a t r i x .   T h i s   same  f e a t u r e   a l l o w s   for   t he   s e l e c t i o n  

of  a  top   c o a t   or  s u r f a c e   l a y e r   h a v i n g   the  a t t r i b u t e s  

of  a  f l u o r o p l a s t i c   or  a  f l u o r o e l a s t o m e r ,   or  any  c o m -  

b i n a t i o n   t h e r e o f ,   a s -may   be  d e s i r e d .  

A c c o r d i n g l y ,   once   the  i n i t i a l   and  o v e r c o a t   l a y e r s  
have  been   d e p l o y e d ,   a  t o p c o a t   of  e i t h e r   a  f l u o r o p l a s t i c  

or  any  a d d i t i o n a l   f l u o r o e l a s t o m e r   l a y e r   may  t h e r e a f t e r  

be  a p p l i e d .   A  s u r f a c e   c o a t   of  a  p e r f l u o r o p l a s t i c ,  

such  as  PTFE,  or  a  p e r f l u o r o e l a s t o m e r ,   such   as  KALREZ, 

or  t he   f l u o r o p o l y m e r   b l e n d   c o a t i n g s   c o n t a i n i n g   c o p o l y -  

mers   of  p e r f l u o r i n a t e d   p o l y v i n y l   e t h e r   d e s c r i b e d   i n  

U.S.   P a t e n t   No.  4 , 2 5 2 , 8 5 9   to  C o n c a n n o n   e t   a l . ,   i m p a r t s  

b e t t e r   t h e r m a l   p r o p e r t i e s   and  c h e m i c a l   r e s i s t a n c e  

t h a n ,   f o r   e x a m p l e ,   the   e m b o d i m e n t   h a v i n g   a  h y d r o g e n -  

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

C o a t i n g   l a y e r s   of  t he   i n v e n t i o n   m a t r i x   may  b e  

a p p l i e d   by  d ip   c o a t i n g   from  an  a q u e o u s   d i s p e r s i o n ,  

but   any  c o n v e n t i o n a l   m e t h o d ,   such   as  s p r a y i n g ,   d i p p i n g ,  

and  f l o w   c o a t i n g ,   from  a q u e o u s   or  s o l v e n t   d i s p e r s i o n ,  

c a l e n d e r i n g ,   l a m i n a t i n g   and  the   l i k e ,   may  be  e m p l o y e d  

to  form  t h e   c o a t i n g ,   as  is  w e l l - k n o w n   in  t he   a r t .  

The  t e rm  " f l u o r o p l a s t i c "   as  used  h e r e i n   s h a l l  

e n c o m p a s s   b o t h   h y d r o g e n - c o n t a i n i n g   f l u o r o p l a s t i c s   a n d  

· h y d r o g e n - f r e e   p e r f l u o r o p l a s t i c s ,   u n l e s s   o t h e r w i s e  

i n d i c a t e d .   F l u o r o p l a s t i c   means  p o l y m e r s   of  g e n e r a l  



p a r a f f i n i c   s t r u c t u r e   w h i c h   have   some  or  a l l  o f   t h e  

h y d r o g e n   r e p l a c e d   by  f l u o r i n e ,   i n c l u d i n g   i n t e r   a l i a  

p o l y t e t r a f l u o r o e t h y l e n e   (PTFE) ,   f l u o r i n a t e d   e t h y l e n e  

p r o p y l e n e   (FEP)  c o p o l y m e r ,   p e r f l u o r o a l k o x y   (PFA)  r e s i n ,  

p o l y c h l o r o t r i f l u o r o e t h y l e n e   (PCTFE)  and  i t s   copolymers  with  TFE 

or  VF2,  e t h y l e n e - c h l o r o t r i f l u o r o e t h y l e n e   (ECTFE)  copolymer  a n d  

i t s   m o d i f i c a t i o n s ,   e t h y l e n e - t e t r a f l u o r o e t h y l e n e s   (ETFE)  copolymer  

and  i t s   m o d i f i c a t i o n s ,   p o l y v i n y l i d e n e   f l u o r i d e   (PVDF),  and  p o l y -  

v i n v l f l u o r i d e   ( P F V )  

S i m i l a r l y ,   t h e   t e r m   " f l u o r o e l a s t o m e r "   as  u s e d  

h e r e i n   s h a l l   e n c o m p a s s   bo th   h y d r o g e n - c o n t a i n i n g   f l u o r o -  

e l a s t o m e r s   as  w e l l   as  h y d r o g e n - f r e e   p e r f l u o r o e l a s -  

t o m e r s ,   u n l e s s   o t h e r w i s e   i n d i c a t e d .   F l u o r o e l a s t o m e r  

means   any  p o l y m e r   w i t h   e l a s t o m e r i c   b e h a v i o r   or  a  h i g h  

d e g r e e   of  c o m p l i a n c e - ,   and  c o n t a i n i n g   one  or  more  f l u o -  

r i n a t e d   m o n o m e r s   h a v i n g   e t h y l e n i c   u n s a t u r a t i o n ,   such  a s  

v i n y l i d e n e   f l u o r i d e ,   and  o p t i o n a l l y   one  or  more  o t h e r  

c o m p o u n d s   c o n t a i n i n g   e t h y l e n i c   u n s a t u r a t i o n .   The  f l u -  

o r i n a t e d   monomer   may  be  a  p e r f l u o r i n a t e d   m o n o - o l e f i n ,  

f o r   e x a m p l e   h e x a f l u o r o p r o p y l e n e   or  t e t r a f l u o r o e t h y l e n e ,  

or  a  p a r t i a l l y   f l u o r i n a t e d   m o n o o l e f i n   w h i c h   may  c o n t a i n  

o t h e r   s u b s t i t u e n t s ,   e . q .   c h l o r i n e   or  p e r f l u o r o a l k o x y ,  

for   e x a m p l e   v i n y l i d e n e   f l u o r i d e ,   p e n t a f l u o r o p r o p y l e n e ,  

c h l o r o t e t r a f l u o r c e t h y l   and  p e r f l u o r o a l k y l   v i n y l   e t h e r s ,  

e . g .   p e r f l u o r o   ( m e t h y l   v i n y l   e t h e r )   or  ( p r o p y l   v i n y l  

e t h e r ) ;   the   m o n o - o l e f i n   is  p r e f e r a b l y   a  s t r a i g h t   o r  

b r a n c h e d   c h a i n   compound   h a v i n g   a  t e r m i n a l   e t h y l e n i c  

d o u b l e   b o n d .   The  e l a s t o m e r   p r e f e r a b l y   c o n s i s t s   o f  

u n i t s   d e r i v e d   f rom  f l u o r i n e - c o n t a i n i n g   m o n o m e r s .   S u c h  

o t h e r   m o n o m e r s   i n c l u d e ,   f o r   e x a m p l e ,   o l e f i n s   h a v i n g   a  

t e r m i n a l   e t h y l e n i c   d o u b l e   bond ,   e s p e c i a l l y   e t h y l e n e  

and  p r o p y l e n e .   The  e l a s t o m e r   w i l l   n o r m a l l y   c o n s i s t  

of  c a r b o n ,   h y d r o g e n ,   oxygen   and  f l u o r i n e   a t o m s .  

Any  f l u o r o p o l y m e r   c o m p o n e n t   may  c o n t a i n   a  f u n c -  

t i o n a l   g r o u p   s u c h   as  c a r b o x y l ,   and  s u l f o n i c   a c i d   a n d  

s a l t s   t h e r e o f ,   h a l o g e n   as  w e l l   as  a  r e a c t i v e   h y d r o g e n  

on  an  a l k y l   s i d e   c h a i n .  



P r e f e r r e d   e l a s t o m e r s   a re   c o p o l y m e r s   of  v i n y l i d e n e  
f l u o r i d e   and  at   l e a s t   one  o t h e r   f l u o r i n a t e d   m o n o m e r ,  
e s p e c i a l l y   one  or  more  of  h e x a f l u o r o p r o p y l e n e ,   p e n t a -  

f l u o r o p r o p y l e n e ,   t e t r a f l u o r o e t h y l e n e   and  c h l o r o t r i -  

f l u o r o e t h y l e n e .   A v a i l a b l e   f l u o r o e l a s t o m e r s   i n c l u d e  

c o p o l y m e r s   of  v i n y l i d e n e   f l u o r i d e   and  h e x a f l u o r o -  

p r o p y l e n e ,   and  t e r p o l y m e r s   of  v i n y l i d e n e   f l u o r i d e ,  

h e x a f l u o r o p r o p y l e n e   and  t e t r a f l u o r o e t h y l e n e ,   s o l d   b y  

DuPon t   as  VITON  and  by  3M  as  FLUOREL  and  by  D a i k e n   a s  

DAIEL.  A d d i t i o n a l l y ,   e l a s t o m e r i c   c o p o l y m e r s   of  v i n y l -  

i d e n e   f l u o r i d e   and  c h l o r o t r i f l u o r o e t h y l e n e   a re   a v a i l -  

a b l e   from  3M  as  K e l - F .   The  use  of  AFLAS,  which   is  a  

c o p o l y m e r   of  TFE  and  p r o p y l e n e ,   as  m a n u f a c t u r e d   b y  

A s a h i ,   is  a l s o   c o n t e m p l a t e d .  
P r e f e r r e d   p e r f l u o r o e l a s t o m e r s   i n c l u d e   e l a s t o m e r i c  

c o p o l y m e r s   of  t e t r a f l u o r o e t h y l e n e   w i t h   p e r f l u o r o   a l k y l  

c o m o n o m e r s ,   such   as  h e x a f l u o r o p r o p y l e n e   or  p e r f l u o r o  

( a l k y l   v i n y l   e t h e r )   c o m o n o m e r s  r e p r e s e n t e d   b y  

in  w h i c h   Rf  is  a  p e r f l u o r o a l k y l   or  p e r f l u o r o   ( c y c l o -  

oxa  a l k y l )   m o i e t y .   P a r t i c u l a r l y   p r e f e r r e d   are   t h e  

p e r f l u o r o v i n y l   e t h e r s   in  which   Rf  is  s e l e c t e d   f r o m  

the   g r o u p s - C F 3 ,   - C 3 F 7 ,  

where   n  =  1-4  and  X  =  H,  Na,  K  or  F.  P a r t i c u l a r l y  

. c o n t e m p l a t e d   is   KALREZ  is  a  c o p o l y m e r   i n c l u d i n g   TFE 

and  p e r f l u o r o m e t h y l v i n y l   e t h e r   (PMVE). 



I f   d e s i r e d ,   and  as  is  w e l l - k n o w n   in  the   a r t ,  
f i l l e r s   or  a d d i t i v e s   such   as  p i g m e n t s ,   p l a s t i c i z e r s ,  
s t a b i l i z e r s ,   s o f t e n e r s ,   e x t e n d e r s ,   and  the   l i k e ,   c a n  

be  p r e s e n t   in  t he   m a t r i x   c o m p o s i t i o n .   For  e x a m p l e ,  

t h e r e   can  be  p r e s e n t   s u b s t a n c e s   s u c h   as  g r a p h i t e ,  

c a r b o n   b l a c k ,   t i t a n i u m   d i o x i d e ,   a l u m i n a ,   a l u m i n a   t r i -  

h y d r a t e ,   g l a s s   f i b e r s ,   b e a d s   or  m i c r o b a l l o o n s ,   c a r b o n  

f i b e r s ,   m a g n e s i a ,   s i l i c a ,   a s b e s t o s ,   w o l l a s t o r i i t e ,  

m i c a ,   and  t h e   l i k e .  

The  d e p l o y m e n t   of  the   v a r i o u s   m a t r i x   l a y e r s   u p o n  

t he   s u b s t r a t e   in  a c c o r d a n c e   w i t h   t he   i n v e n t i o n   i s  

e s s e n t i a l l y   a c c o m p l i s h e d   by  a  m e t h o d   wh ich   c o m p r i s e s  

t he   s t e p s   o f :  

1.  I f   n e c e s s a r y   or  d e s i r e d ,   r e m o v i n g   t h e  

s i z e s   or  f i n i s h e s   f rom  t he   s u b s t r a t e   m a t e r i a l ,  

f o r   e x a m p l e ,   in  the   i n s t a n c e   of  woven  f i b e r g l a s s ,  

by  h e a t   c l e a n i n g   t he   s u b s t r a t e   or  s c o u r i n g   a  

woven  s y n t h e t i c   f a b r i c .  

2.  A p p l y i n g ,   as  an  i n i t i a l   l a y e r   to  one  o r  

b o t h   f a c e s   of  t he   s u b s t r a t e ,   a  p e r f l u o r o p o l y m e r ,  

p r e f e r a b l y   a  p e r f l u o r o p l a s t i c   s u c h   as  PTFE  or  a  

p e r f l u o r o e l a s t o m e r ,   such   as  KALREZ,  or  b l e n d s  

t h e r e o f .   As  h e r e t o f o r e   n o t e d ,   in  one  e m b o d i m e n t  

of  t he   i n v e n t i o n   one  or  more  l a y e r s   of  p e r f l u o r o -  

e l a s t o m e r ,   or  a  b l e n d   t h e r e o f   as  p r e v i o u s l y   d i s -  

c l o s e d ,   may  s i m p l y   be  a p p l i e d   to  t he   s u b s t r a t e   t o  

p r e p a r e   a  c o m p o s i t e .   As  h e r e i n b e f o r e   d i s c u s s e d ,  

a  s u i t a b l e   s a t u r a n t   or  l u b r i c a t i n g   a g e n t ,   p r e f e r -  

a b l y   m e t h y l p h e n y l   s i l i c o n e   o i l ,   t y p i c a l l y   in  a  

m i x t u r e   c o n t a i n i n g   2-14  p a r t s   by  w e i g h t   l u b r i -  

c a n t ,   may  a l s o   be  a p p l i e d   to  t he   s u b s t r a t e   e i t h e r  

i n i t i a l l y   or  s i m u l t a n e o u s l y   w i t h   t he   p e r f l u o r o -  

p o l y m e r .   In  i n s t a n c e s   w h e r e   s u f f i c i e n t   f l e x i b i -  

l i t y   o t h e r w i s e   e x i s t s ,   a  c o u p l i n g   a g e n t   may  b e  

u s e d   to  e n h a n c e   the   a d h e s i o n   of  t h e   m a t r i x   t o  

the   s u b s t r a t e ,   as  d e s i r e d .   As  p r e v i o u s l y   s e t  



f o r t h ,   t he   i n i t i a l   c o a t i n g   is  a p p l i e d   so  to  m i n i -  
mize  the  s t i f f n e s s   of  t he   c o m p o s i t e   and  w h i c h  

may  be  a  r e l a t i v e l y   l i g h t   a p p l i c a t i o n   d e p e n d i n g  

upon  the  w e i g h t   and  o p e n n e s s   of  the  s u b s t r a t e .  

As  i n d i c a t e d   a b o v e ,   w h e r e   t h e   s u b s t r a t e   is  c o a t e d  

on  on ly   one  f a c e ,   the   o t h e r   f ace   of  the  s u b s t r a t e  

may  be  a d h e r e d   to  a  d i f f e r e n t   s u b s t r a t e   m a t e r i a l .  

3.  A p p l y i n g ,   in  one  or  more  l a y e r s ,   as  a n  

o v e r c o a t   to  t he   i n i t i a l   l a y e r ,   a  f l u o r o p l a s t i c ,  

a  f l u o r o e l a s t o m e r ,   a  b l e n d   of  a  f l u o r o e l a s t o m e r  

and  a  f l u o r o p l a s t i c ,   p r e f e r a b l y   a  p e r f l u o r o p l a s -  

t i c ,   such  as  PTFE,  or  any  c o m b i n a t i o n   t h e r e o f .  

Where  a  f l u o r o e l a s t o m e r / f l u o r o p l a s t i c   b l end   i s  

u s e d ,   e i t h e r   a l o n e   or  as  a  l a y e r   on  top   of  a  

f l u o r o e l a s t o m e r - l a y e r ,   t h e   b l e n d   s h o u l d   c o n t a i n  

a b o u t   10-90%  by  w e i g h t   of  the   f l u o r o e l a s t o m e r  

c o m p o n e n t ,   p r e f e r a b l y   25-60%  by  w e i g h t .  

4.  If  d e s i r e d ,   a p p l y i n g   a  t o p c o a t   of  e i t h e r  

a  f l u o r o p l a s t i c ,   a g a i n   p r e f e r a b l y   a  p e r f l u o r o p l a s -  

t i c   such  as  PTFE  or  i t s   m e l t - f a b r i c a b l e   c o p o l y m e r s  
of  TFE  or  a  t o p c o a t   of  an  a d d i t i o n a l   l a y e r   of  a  

f l u o r o e l a s t o m e r ,   p r e f e r a b l y   a  p e r f l u o r o e l a s t o m e r ,  

or  f l u o r o e l a s t o m e r / f l u o r o p l a s t i c   b l e n d .  

5.  O p t i o n a l l y ,   a p p l y i n g   a  s u r f a c e   c o a t i n g  

of  a  f l u o r o p l a s t i c   in  g r e a t e r   t h i c k n e s s e s   by  

e x t r u d i n g   or  l a m i n a t i n g   a  m e l t   p r o c e s s i b l e   f i l m  

such  as  PTFE,  FEP  or  PFA,  or  a  f l u o r o e l a s t o m e r  

such  as  VITON,  AFLAS,  or  KALREZ. 

M o r e o v e r ,   i t   is  c l e a r l y   an  a d v a n t a g e   t h a t   t h e  

c o m p o s i t e s   of  the   p r e s e n t   i n v e n t i o n   may  be  p r o d u c e d ,  

i f   so  d e s i r e d ,   by  a q u e o u s   d i s p e r s i o n   t e c h n i q u e s .   T h e  

p r o c e s s   may  be  c a r r i e d   ou t   u n d e r   the  c o n d i t i o n s   b y  

which   the  c o h e s i v e n e s s   of  the   m a t r i x   and  a d h e s i o n   t o  

the   s u b s t r a t e   is  t h e r m a l l y   a c h i e v e d .   A  p r e f e r r e d  

' p r o c e s s   for  the  m a n u f a c t u r e   of  i n v e n t i o n   c o m p o s i t e s  

c o m p r i s e s   an  i n i t i a l   a p p l i c a t i o n   of  a  p e r f l u o r o p o l y m e r  



from  a  l a t e x   or  d i s p e r s i o n   to  a  s u i t a b l y   p r e p a r e d  
s u b s t r a t e   a t   t e m p e r a t u r e s   l e a d i n g   to  f u s i n g   or  c o n -  

s o l i d a t i o n   of  t h e   a p p l i e d   p o l y m e r .   F o l l o w i n g   t h i s  

i n i t i a l   c o a t ,   an  o v e r c o a t   c o m p r i s i n g   a  f l u o r o e l a s t o m e r ,  

a  f l u o r o p l a s t i c ,   or  b l e n d s   of  f l u o r o e l a s t o m e r   a n d  

f l u o r o p l a s t i c   d e r i v e d   f r o m   a  l a t e x   or  d i s p e r s i o n  

b l e n d ,   is  a p p l i e d   in  such   a  manne r   as  to  d ry   t he   c o a t -  

i n g ,   b u t   no t   to   e x c e e d   the   uppe r   t e m p e r a t u r e   l i m i t s  

of  i t s   mos t   t h e r m a l l y   l a b i l e   c o m p o n e n t .   The  r e s u l t -  

i n g ,   p a r t i a l l y   c o n s o l i d a t e d   c o a t i n g   l a y e r s   may  t h e n  

be  s u b j e c t e d   to   more   m o d e s t   h e a t   u n d e r   p r e s s u r e   t o  

f u r t h e r   c o n s o l i d a t e   or  s t r e n g t h e n   the   a p p l i e d   c o a t i n g .  

C a l e n d e r i n g   is  a  c o n v e n i e n t   p r o c e s s   to  a c h i e v e   t h i s  

r e s u l t .   The  t o p c o a t   is  t h e n   a p p l i e d   at  a  t e m p e r a t u r e  

r e q u i r e d   to  f u s e   t h e .  c o m p o n e n t   w i t h   the   h i g h e s t   m e l t -  

ing  p o i n t   in  o r d e r   to  c o m p l e t e   c o n s o l i d a t i o n   w i t h  

m i n i m a l   h e a t   e x p o s u r e   fo r   t h e   most   t h e r m a l l y   l a b i l e  

c o m p o n e n t s .   A  l a t e x   is  o f t e n   a v a i l a b l e   fo r   t h i s   o p e r a -  
t i o n .   O p t i o n a l l y ,   an  u p p e r m o s t   c o a t i n g   may  be  a p p l i e d  

by  e x t r u s i o n   c o a t i n g ,   c a l e n d e r i n g ,   or  l a m i n a t i n g   t h e  

p o l y m e r i c   c o m p o n e n t s   on  to  t he   p r e v i o u s l y   c o n s o l i d a t e d  

c o a t i n g .   E x t r u s i o n   c o a t i n g   is  most   d e s i r a b l e   when  a  

foamed  t o p c o a t   i s   d e s i r e d .  

I t   s h o u l d   be  u n d e r s t o o d   t h a t   in  any  e m b o d i m e n t  

a c c o r d i n g   to  t h e   i n v e n t i o n ,   t he   u p p e r m o s t   or  s u r f a c e  

l a y e r   may  be  a p p l i e d   as  a  foam  to  e n h a n c e   c o m p r e s s i -  

b i l i t y   or  to  i n c r e a s e   t h i c k n e s s   at  low  d e n s i t y .  

The  f o l l o w i n g   a d d i t i v e s   may  be  i n c l u d e d   in  t h e  

p r o c e s s   fo r   m a k i n g   t h e   m a t r i x   c o m p o s i t i o n :   a  s u r f a c e  

a c t i v e   a g e n t   s u c h   as  an  a n i o n i c   a c t i v e   a g e n t   or  a  

n o n - i o n i c   a c t i v e   a g e n t ;   a  c r e a m i n g   a g e n t   such  as  s o d i u m  

or  ammonium  a l g i n a t e ;   a  v i s c o s i t y - c o n t r o l l i n g   a g e n t  

or  a  t h i c k e n e r   s u c h   as  m e t h y l   c e l l u l o s e   or  e t h y l   c e l -  

l u l o s e ;   a  w e t t i n g   a g e n t   such   as  a  f l u o r i n a t e d   a l k y l -  

· c a r b o x y l i c   a c i d ,   an  o r g a n i c   s o l v e n t ,   or  s u l f o n i c   a c i d ;  

or  a  f i l m   f o r m e r .  



The  a c h i e v e m e n t   of  the   r e m a r k a b l e   p r o p e r t i e s   o f  

the  i n v e n t i o n   c o m p o s i t e s   is  f u r t h e r   e x p l a i n e d   a n d  

i l l u s t r a t e d   below  w i th   r e f e r e n c e   to  the   a c c o m p a n y i n g  

d r a w i n g s   in  w h i c h :  

FIGS.  1  and  1A  show  e n l a r g e d   s c h e m a t i c   s i d e   v i e w  

s e c t i o n s   of  woven  c o m p o s i t e s   by  which   s e v e r a l   e m b o d i -  

m e n t s   a c c o r d i n g   to  the  i n v e n t i o n   a re   shown  and  i l l u s -  

t r a t e d .  

FIG.  2  is  an  e n l a r g e d   s c h e m a t i c   p l a n   v iew  of  a  

c r o s s - s e c t i o n   of  an  open  weave  f i b e r g l a s s   c o m p o s i t e  

c o a t e d   a c c o r d i n g   to  an  e m b o d i m e n t   of  the   i n v e n t i o n .  

FIG.  3  is  a  c h a r t   s h o w i n g   the   r e l a t i o n s h i p   b e t w e e n  

t e n s i l e   s t r e n g t h   r e t a i n e d   and  t ime   of  e x p o s u r e   of  t h e  

Example   2  i n v e n t i o n   c o m p o s i t e   to  e l e v a t e d   t e m p e r a t u r e s  
in   a i r .  

FIG.  4  is  a  c h a r t   s h o w i n g   the   r e l a t i o n s h i p   b e t w e e n  

t e n s i l e   s t r e n g t h   r e t a i n e d   and  t ime   of  e x p o s u r e   of  t h e  

Example   2  i n v e n t i o n   c o m p o s i t e   immersed   in  2N  s u l f u r i c  

a c i d   a t   i t s   b o i l i n g   p o i n t .  

In  FIG.  1,  the   p r e v i o u s l y   a s s e m b l e d   ( w o v e n )  

y a r n   10,  h a v i n g   f i r s t   been  t r e a t e d   w i t h   s i l i c o n e   o i l ,  

is  c o a t e d   w i th   a  f l u o r o p o l y m e r   i n i t i a l   c o a t i n g   l a y e r  

12  wh ich   c o m p l e t e l y   c o v e r s   bo th   the  warp  14  and  f i l l  

16  of  the   ya rn   10.  The  l a y e r   12  is  t h e n   c o v e r e d   w i t h  

an  o v e r c o a t   l a y e r   18  c o m p r i s i n g   a  b l e n d   of  f l u o r o e l a s -  

tomer   and  f l u o r o p l a s t i c .   The  r e s u l t i n g   c o m p o s i t e   may  
be  f u r t h e r   c o a t e d   w i th   an  o p t i o n a l   f l u o r o p l a s t i c   o r  

f l u o r o e l a s t o m e r   t o p c o a t   20  as  s h o w n .  

FIG.  1A  shows  a  s i d e   v iew  s e c t i o n   of  a  w o v e n  

c o m p o s i t e   w h e r e i n   i n i t i a l   c o a t i n g   l a y e r   12  is  a p p l i e d  

to  the  y a r n   p r i o r   to  a s s e m b l y   ( w e a v i n g )   and  c o m p l e t e l y  

s u r r o u n d s   and  j a c k e t s   the   y a r n   10.  Such  a  c o m p o s i t e  

may  have  e n h a n c e d   f l e x i b i l i t y ,   d e p e n d i n g   on  the   n a t u r e  

of  c o a t i n g   l a y e r   1 2 .  

FIG.  2  shows  the   d e p l o y m e n t   of  the  v a r i o u s   l a y e r s  

of  a  c o a t i n g   m a t r i x   a c c o r d i n g   to  one  e m b o d i m e n t   o f  



the   i n v e n t i o n   w h e r e i n   t h e   s u b s t r a t e   is  woven .   An 

e n l a r g e d   s e c t i o n   of  a  p l a i n   woven  s u b s t r a t e   is  s h o w n  
w h e r e i n   b o t h   t h e   w a r p  1 4   and  f i l l   16  of  the   y a r n   10 

a re   i n i t i a l l y   c o a t e d   w i t h   a  l i g h t   l a y e r   of  l u b r i c a n t  

(no t   shown)  and  f l u o r o p o l y m e r   22.  The  l a y e r   22  i s  

d i s p l a y e d   in  s u c h   a  way  as  to  c o v e r   and  p r o t e c t   t h e  

y a r n   10,  w h i l e   l e a v i n g   the   o p e n i n g s   24  in  t he   w o v e n  

s u b s t r a t e   f r e e   and  c l e a r   so  as  not   to  s u b s t a n t i a l l y  

d i m i n i s h   t he   o v e r a l l   f l e x i b i l i t y   of  t he   f i n a l   c o m p o s -  
i t e .   To  t he   i n i t i a l l y   c o a t e d   s u b s t r a t e   is  t h e n   a p p l i e d  

an  o v e r c o a t   l a y e r   26  of  a  f l u o r o e l a s t o m e r / f l u o r o p l a s -  

t i c   b l e n d   a c c o r d i n g   to  t he   i n v e n t i o n   w h i c h   c o v e r s   t h e  

y a r n   10,  i n c l u d i n g   the   warp  14  and  f i l l   16,  as  w e l l  

as  t h e   o p e n i n g s   24  w h i c h ,   when  f i l l e d   w i t h   t he   m o r e  

e l a s t i c   b l e n d   l a y e r   -26,  i m p a r t s   a  l o w e r   f l e x   m o d u l u s  

to  t he   r e s u l t i n g   c o m p o s i t e .  

The  i n v e n t i o n   and  i t s   a d v a n t a g e s   a r e   a l s o   i l l u s -  

t r a t e d   by  t h e  f o l l o w i n g   e x a m p l e s .   The  e x a m p l e s   i l l u s -  

t r a t e   c o m p o s i t e s   e m p l o y i n g   a  v a r i e t y   of  s u b s t r a t e s  

and  c o a t i n g   m a t r i c e s   c o n t e m p l a t e d   by  t h e   i n v e n t i o n .  

The  t e s t   p r o c e d u r e s   u s e d   f o r   the   c h e m i c a l   and  p h y s i c a l  

t e s t i n g   and  p r o p e r t y   d e t e r m i n a t i o n s   fo r   t he   c o m p o s i t e s  

p r e p a r e d   a c c o r d i n g   to  the  i n v e n t i o n   and  the   c o n t r o l s  

a re   i d e n t i f i e d   b e l o w :  







EXAMPLE  1 

In  a c c o r d a n c e   w i th   a  p r e f e r r e d   e m b o d i m e n t   o f  

t h i s   i n v e n t i o n ,   an  18  oz.   per   sq.  yd.  f i b e r g l a s s  

s u b s t r a t e ,   Chemfab   s t y l e   no.  15227 ,   was  h e a t   c l e a n e d  

to  r emove   r e s i d u a l   s i z i n g .   A  c o m b i n a t i o n   of  PTFE 

(TE-3313   o b t a i n e d   from  DuPont   as  an  a q u e o u s   d i s p e r -  

s i o n ,   60%  s o l i d s , )   and  m e t h y l p h e n y l   s i l i c o n e   o i l  

(ET-4327   o b t a i n e d   from  Dow  C o r n i n g   as  an  a q u e o u s   e m u l -  

s i o n ,   35%  s o l i d s , )   was  t hen   a p p l i e d   to  the   s u r f a c e   o f  

the   s u b s t r a t e   by  d i p p i n g ,   d r y i n g   and  f u s i n g   in  a  t w o  

zone  c o a t i n g   tower   wi th   d r y i n g   zone  t e m p e r a t u r e s   o f  

a p p r o x i m a t e l y   2 0 0 - 3 5 0 ° F .   and  a  b a k i n g   or  s i n t e r i n g  

zone  t e m p e r a t u r e   of  7 0 0 ° F .   The  c o a t i n g   c o n t a i n e d  

93  p a r t s   PTFE,  7  p a r t s   m e t h y l p h e n y l   s i l i c o n e .   T h e  

c o m b i n a t i o n   was  a p p l i e d   as  a  v e r y   l i g h t   u n d e r c o a t ,  

5  o z . / s q .   y d . ,   to  avo id   u n d e s i r e d   s t i f f n e s s .   O n l y  
the   y a r n s   in  t he   s u b s t r a t e   were  c o a t e d ,   t he   w i n d o w s  

r e m a i n i n g   s u b s t a n t i a l l y   o p e n .  

A  s e c o n d   c o a t i n g ,   t o t a l i n g   a p p r o x i m a t e l y   20 
o z / y d . 2 ,   was  a p p l i e d   from  a  b l e n d   of  VITON  B  f l u o r o -  

e l a s t o m e r   (VTR-5307  o b t a i n e d   from  DuPont   as  a  t e r p o l y -  

mer  l a t e x ,   60-65%  s o l i d s )   and  PTFE  ( T E - 3 3 1 3 ) .   T h e  

c o a t i n g   was  a p p l i e d   in  s e v e r a l   p a s s e s ,   by  d i p p i n g ,  

d r y i n g ,   and  b a k i n g   in  a  two  zone  t ower   w i th   d r y i n g  

t e m p e r a t u r e s   of  2 0 0 - 3 5 0 ° F .   and  a  b a k i n g   zone  t e m p e r a -  

t u r e   of  o n l y   500°F .   The  b l e n d ,   d e s i g n a t e d   F M K - 4 - 1 0 - B ,  

c o m p r i s e d   60  p e r c e n t   PTFE  and  40  p e r c e n t   t e r p o l y m e r  

f l u o r o e l a s t o m e r ,   by  w e i g h t .  

The  m a t e r i a l   was  c o m p l e t e d   by  c a l e n d e r i n g   t h e  

c o a t e d   f a b r i c   w i th   a  300°F .   c a l e n d e r   f o l l o w e d   by  a  

f i n a l   dry   p a s s   t h r o u g h   the  c o a t i n g   tower   to  f u s e   o r  

s i n t e r   the   c o a t i n g ,   w i th   the  b a k i n g   zone  a t   7 0 0 ° F .  

EXAMPLE  2 

In  a c c o r d a n c e   w i th   the  p r o c e d u r e   of  Example   1,  a  

c o m p o s i t e   was  p r e p a r e d   on  a  h e a t   c l e a n e d   g l a s s   c l o t h  



s u b s t r a t e   (Chemfab   S t y l e   No.  122 ,   32  o z / s q .   yd)  u s i n g  

t h e   same  p r i m e r   c o a t   c o m p o s i t i o n   to  a  w e i g h t   of  4 0 - 4 1  
o z / s q .   yd.   and  t he   same  b l e n d   t o  a   w e i g h t   of  5 4 - 5 6  

o z / s q .   yd.   In  a d d i t i o n ,   a  t o p c o a t   of  PTFE  was  a p p l i e d  

in  s e v e r a l   p a s s e s   t h r o u g h   T E - 3 3 1 3 ,   to  b r i n g   the   t o t a l  

c o m p o s i t e   w e i g h t   to  a p p r o x i m a t e l y   6 0 - 6 2   o z . / s q .   y d .  

In  t h i s   e x a m p l e   t h e   PTFE  t o p c o a t   was  a p p l i e d   f o l l o w i n g  

t h e  a p p l i c a t i o n   of  t h e   b l e n d ,   wh ich   was  no t   c a l e n -  

d e r e d   b e f o r e h a n d ,   by  d i p p i n g ,   d r y i n g ,   and  b a k i n g   a t  

5 9 0 ° F .   The  r e s u l t i n g   m a t e r i a l   was  c a l e n d e r e d   a n d  

p r o c e s s e d   t h r o u g h   t h e   t o w e r ,   d r y ,   w i t h   b a k i n g   zone  a t  

7 0 0 ° F .   to  s i n t e r   or  f u s e   t h e   c o a t i n g .   The  s o - c a l l e d  

d r y - f u s e d   c o m p o s i t e   was  g i v e n   a  f i n a l   c o a t   of  PTFE  b y  

d i p p i n g   in  T E - 3 3 1 3 ,   d r y i n g ,   and  f u s i n g   a t   7 0 0 ° F .   T h e  

c o m p o s i t e   was  . 0 4 6 "   t h i c k ,   had  t e n s i l e s   in  l b s . / i n .  

of  1 4 0 0 / 1 3 7 5   warp   to   f i l l ,   f l e x - f o l d   in  l b s . / i n .   o f  

1 4 0 0 / 1 3 5 6   warp   to  f i l l ,   and  t e a r   s t r e n g t h   in  l b s .   o f  

2 3 1 / 2 9 5   warp  and  f i l l .   The  c o a t i n g   a d h e s i o n   w a s  

m e a s u r e d   at  23  l b s . / i n .   and  the   p o r o s i t y   was  . 0 1 3 .  
S C F / h r . / f t . 2  

Four   a d d i t i o n a l   c o m p o s i t e s   were  m a n u f a c t u r e d   i n  

a c c o r d a n c e   w i t h   t h e   m e t h o d   of  E x a m p l e   2,  u s i n g   g l a s s  

c l o t h   r e i n f o r c e m e n t s   of  l i g h t e r   w e i g h t s   and  p r o p o r -  

t i o n a t e l y   l i g h t e r   b u i l d s   of  t he   v a r i o u s   m a t r i x   c o m p o -  

n e n t s ,   as  i l l u s t r a t e d   in  t h e   f o l l o w i n g   t a b l e :  





T h e s e   c o m p o s i t e s   we re   t e s t e d   as  i n d i c a t e d   in  T a b l e   I  b e l o w :  



A d d i t i o n a l l y ,   E x a m p l e   2A  was  t e s t e d   a f t e r   9  m o n t h s  

s e r v i c e   in  an  e x p a n s i o n   j o i n t   at  an  e l e c t r i c a l   p o w e r  

g e n e r a t i n g   s t a t i o n .   The  m a t e r i a l   in  s e r v i c e   s h o w e d  

c o n s i d e r a b l y   l e s s   d e g r a d a t i o n   t han   c o n v e n t i o n a l   j o i n t s  

b a s e d   on  f l u o r o e l a s t o m e r .  

EXAMPLES  3 - 8  

Six   a d d i t i o n a l   c o m p o s i t e s   were  m a n u f a c t u r e d   i n  

a c c o r d a n c e   w i t h   t he   me thod   of  E x a m p l e s   1  a n d   2,  e x c e p t  

t h a t   the   r a t i o   of  t he   f l u o r o e l a s t o m e r / P T F E   b l e n d   w a s  

v a r i e d   as  f o l l o w s :  



T h e s e   c o m p o s i t i o n s   were   t e s t e d   as  i n d i c a t e d   in  T a b l e   I I I   b e l o w :  



P r e p a r a t i o n   of  C o n t r o l s  

A  c o n t r o l   A  c o m p o s i t e   was  p r e p a r e d   u s i n g   C h e m f a b  
s t y l e   15227  g l a s s   c l o t h   (18  o z . / y d . 2 )   w h i c h   was  h e a t  

c l e a n e d   to  remove  r e s i d u a l   s i z i n g s .   T h i s   s u b s t r a t e  

was  t h e n   c o a t e d   to  .41   o z . / s q .   yd.  w i t h   a  b l e n d   of  ( a )  

a  f l u o r o e l a s t o m e r   ( L - 6 5 1 7   o b t a i n e d  f r o m   3M  and  b e i n g  

a  c o p o l y m e r   l a t e x ,   55%  s o l i d s ) ,   and  (b)  PTFE  ( T e f l o n  

30B  from  D u P o n t )   in  an  8 0 / 2 0   ( P T F E / f l u o r o e l a s t o m e r )  

r a t i o , b y   w e i g h t .   The  c o a t i n g   was  a p p l i e d   in  s e v e r a l  

p a s s e s   a t   p r o c e s s i n g   t e m p e r a t u r e s   of  4 0 0 ° F .   C o n t r o l  

B  is  s i m p l y   a  p o r t i o n   of  C o n t r o l   A  baked   u n d e r   d r y  

f u s e   c o n d i t i o n s   as  a re   t h e   i n v e n t i o n   c o m p o s i t e s .  

C o n t r o l   C  i s ,   in  t u r n ,   a  p o r t i o n   of  C o n t r o l   B  h a v i n g  

a  f u s e d   t o p   c o a t   of  PTFE  (TE-3313)   in  an  a m o u n t   o f  

a p p r o x i m a t e l y   1 .25   o z . / s q .   y d .  



The  r e s u l t s   of  p h y s i c a l   t e s t s   of  t h e s e   c o n t e n t s  

a r e   s e t   f o r t h   b e l o w   in  T a b l e   I V  



EXAMPLES  9  A-C 

A  c o m p a r i s o n   was  made  u s i n g   s a m p l e s   of  the   c o m p o s -  
i t e s   p r e p a r e d   in  a c c o r d a n c e   w i t h   E x a m p l e s   1  and  2,  bu t   u s i n g  

d i f f e r e n t   c o m m e r c i a l l y   a v a i l a b l e   f l u o r o e l a s t o m e r s .   The  f i r s t  

c o m p o s i t e ,   9A,  was  p r e p a r e d   e s s e n t i a l l y   as  was  t he   c o m p o s i t e  

of  Example   6.  C o m p o s i t e   9B  was  made  in  e s s e n t i a l l y   t he   s a m e  

m a n n e r ,   but   s u b s t i t u t i n g   the   L - 6 5 1 7   f l u o r o e l a s t o m e r   (a  3M 

c o p o l y m e r   l a t e x ,   55%  s o l i d s ) .   S i m i l a r l y ,   c o m p o s i t e   9C  w a s  

p r e p a r e d   by  s u b s t i t u t i n g   y e t   a n o t h e r   3M  f l u o r o e l a s t o m e r  

( L - 6 5 4 6 ,   a  t e r p o l y m e r   l a t e x   c o n t a i n i n g   60%  s o l i d s )   fo r   t h e  

DuPon t   VTR  5 3 0 7 .  



The  r e s u l t s   of  t he   p h y s i c a l   t e s t s   c o n d u c t e d   w i t h  

t h e s e   c o m p o s i t e s   a r e   r e p o r t e d   in  T a b l e   V  b e l o w :  



EXAMPLE  10  A - C  

C o m p o s i t e   10A  was  p r e p a r e d   u s i n g   S t y l e   1 5 2 2 7  

g l a s s   c l o t h   (18  o z . / s a ,   y d . )   wh ich   was  f i r s t   h e a t  

c l e a n e d   to  remove   r e s i d u a l   s i z i n g s .   A  c o m b i n a t i o n   o f  

PTFE  (TE3313)   and  m e t h y l   p h e n y l   s i l i c o n e   o i l   (Dow 

C o r n i n g )   was  t h e n   a p p l i e d   to  the   s u b s t r a t e   s u r f a c e   i n  

an  a m o u n t   of  5  o z . / s q .   yd.  A  s e c o n d   c o a t i n g   of  a  

b l e n d   of  3M  f l u o r o e l a s t o m e r   ( L - 6 5 1 7 )   and  FEP  r e s i n  -  

(DuPon t   T E - 9 5 0 3   a q u e o u s   d i s p e r s i o n ,   55%  s o l i d s )   in  a  

4 0 / 6 0   r a t i o   was  t h e n   a p p l i e d   in  s e v e r a l   p a s s e s   in  a n  

amoun t   of  8  o z . / s q .   yd.   The  c o m p o s i t e   was  f i n i s h e d  

w i t h   a  t o p - c o a t   of  PTFE  ( T E - 3 3 1 3 )   in  an  amount   of  5 

o z . / s q .   yd .   to  y i e l d   a  c o m p o s i t e   w e i g h t   of  36  o z . / s q .  

yd.  A  s e c o n d   c o m p o s i t e   10B  was  p r e p a r e d   by  s u b s t i t u t -  

ing  a  4 0 / 6 0   b l e n d   of .3M  L - 6 5 4 6   f l u o r o e l a s t o m e r   a n d  

DuPon t   T E - 9 5 0 3 ,   and  a  t h i r d   c o m p o s i t e   10C  was  s i m i l a r l y  

p r e p a r e d   u s i n g   a  4 0 / 6 0   b l e n d   of  DuPont   VTR5307  a n d  

T E - 9 5 0 3 .  



The  r e s u l t s   of  p h y s i c a l   t e s t s   w i t h   t h e s e   c o m -  

p o s i t e s   is  s e t   f o r t h   in  T a b l e   VI  b e l o w :  



EXAMPLE  11  A - C  

C o m p o s i t e s   u s i n g   r e i n f o r c e m e n t s   o t h e r   t h a n   g l a s s  
were   p r e p a r e d   as  i n d i c a t e d   in  T a b l e   V I I .   C o m p o s i t e s  

11A,  11B,  a n d  1 1 C   were  made  in  a c c o r d a n c e   w i t h   t h e  

m e t h o d   e m p l o y e d   in  t he   E x a m p l e   2,  u s i n g   a  t h r e e   c o m -  

p o n e n t   m a t r i x   c o n s i s t i n g   of  t he   P T F E - s i l i c o n e   o i l  

p r i m e r ,   t h e   i n t e r m e d i a t e   b l e n d   c o m p o n e n t ,   and  t h e  

PTFE  t o p c o a t .  





The  c o m p o s i t e s   p r e p a r e d   in  a c c o r d a n c e   w i t h  

E x a m p l e   11  were  t e s t e d   as  i n d i c a t e d   in  T a b l e   V I I I  
b e l o w .  



Hot  A i r   and  Hot  Ac id   E x p o s u r e   T e s t   R e s u l t s  

T e n s i l e   S t r e n g t h   (warp)   R e t a i n e d   a f t e r   E x p o s u r e   (%) 



EXAMPLES  12  A-D 

Four  a d d i t i o n a l   c o m p o s i t e s   were  m a n u f a c t u r e d   i n  

a c c o r d a n c e   w i t h   t h e   m e t h o d   of  E x a m p l e s   1  a n d   2,  h o w e v e r  

the   l u b r i c a n t / s a t u r a n t   was  e i t h e r   (1)  ET-4327   m e t h y l -  

p h e n y l   s i l i c o n e   o i l   e m u l s i o n   a p p l i e d   in  F M K - 4 - 1 0 - A  

(CHEMFAB  i n t e r n a l   d e s i g n a t i o n   fo r   m i x t u r e   of  T E - 3 3 1 3  

(DuPon t )   and  ET-4327   (Dow  C o r n i n g   C o r p . )   c o n t a i n i n g  

a p p r o x i m a t e l y   93  p e r c e n t   by  w e i g h t   PTFE  and  7 - p e r c e n t  

by  w e i g h t   s i l i c o n e   o i l   d i l u t e d   w i th   w a t e r   to  a  s p e c i f i c  

g r a v i t y   of  1 . 3 2 ) ;   (2)  E T - 4 3 2 7   m e t h y l - p h e n y l   s i l i c o n e  

in  an  a q u e o u s   s o l u t i o n   ( m i x t u r e   of  1  p a r t   by  v o l u m e  

ET-4327   m e t h y l - p h e n y l   s i l i c o n e   o i l   e m u l s i o n ,   m a n u f a c -  

t u r e d   by  Dow  C o r n i n g ,   and  8  p a r t s   by  vo lume  t ap   w a t e r ) ;  

(3)  ET-4327   m e t h y l - p h e n y l   s i l i c o n e   in  an  a q u e o u s ` s o l u -  

t i o n ,   1  p a r t   by  v o l u m e : 4   p a r t s   by  volume  t ap   w a t e r ;   o r  

(4)  a  m i x t u r e   of  9  pbw  E T - 4 3 2 7   d i l u t e d   w i t h   t ap   w a t e r ,  
1:8  by  vo lume)   and  1  pbw  AQUADAG  E  c o l l o i d a l   g r a p h i t e  

d i s p e r s i o n .   With  t he   e x c e p t i o n   of  the  m a t e r i a l   h a v i n g  

t he   FMK-4-10-A  i n i t i a l   f u s e   d i p ,   a  s e c o n d   f u s e   d ip   o f  

T E - 3 3 1 3   (1 .35   s p e c i f i c   g r a v i t y )   was  a p p l i e d   f o l l o w i n g  

the   a p p l i c a t i o n   of  t he   l u b r i c a n t .   The  f o u r   c o m p o s i -  

t i o n s   were  t h e n   c o m p l e t e d   in  a c c o r d a n c e   w i t h   the   p r o -  
c e d u r e s   of  E x a m p l e s   1  a n d   2 .  

The  r e s u l t i n g   m a t e r i a l s   were   t e s t e d   fo r   w e i g h t ;  

t h i c k n e s s ;   t e n s i l e ,   t e a r ,   and  f l e x   f o l d   s t r e n g t h   a n d  

c o a t i n g   a d h e s i o n ;   and  MIT  f l e x   e n d u r a n c e .   The  r e s u l t s  

a re   shown  in  T a b l e   IX  as  f o l l o w s :  





EXAMPLE  13 

C o m p o s i t e s   u s i n g   TE-5489   (low  c r y s t a l l i n i t y ,  

c o m p l i a n t ,   p e r f l u o r i n a t e d   TFE  c o p o l y m e r   o b t a i n e d   f r o m  

DuPont )   r e s i n   d i s p e r s i o n   were  p r e p a r e d   as  f o l l o w s .  

In  Example   13,   C h e m f a b   S t y l e   116  g l a s s   was  h e a t  

c l e a n e d   and  g i v e n   f o u r   f u s e   d i p s   t h r o u g h   the   f u l l  

s t r e n g t h   T E - 5 4 8 9   (33%  s o l i d s ,   1 . 2 3   s p e c i f i c   g r a v i t y ,  

9 .5   c p s ) .   The  3 . 0 4   o z / y d 2   h e a t   c l e a n e d   s u b s t r a t e  

p i c k e d   up  a  t o t a l   b u i l d   of  a p p r o x i m a t e l y   0 . 7  o z / y d 2 .  

M i c r o s c o p i c   e x a m i n a t i o n   of  t he   p r o d u c t   r e v e a l e d   a  

r e s i l i a n t ,   u n c r a c k e d   and  g e n e r a l l y   f l a w - f r e e   c o a t i n g  

e n c a p s u l a t i n g   t h e   y a r n s   and  w e l l   a d h e r e d   to  t h e m .  

EXAMPLE  14 

Example   14  was  p r e p a r e d   by  p o u r i n g   25  grams  o f  

TE-5489   on  a  3  x  5  i n c h   p i e c e   of  h e a t   c l e a n e d   a n d  

s i l i c o n e   t r e a t e d   1 5 2 2 7 - g l a s s   c l o t h   in  a  t r a y .   T h e  

w a t e r   was  d r i e d   away  in  an  a i r   c i r c u l a t i n g   oven  a t  

75°C  and  the   r e s u l t i n g   f a b r i c ,   s a t u r a t e d   w i t h   t h e  

d r i e d   p o l y m e r ,   was  m o l d e d   in  a  .040  i nch   t h i c k   c h a s e  

at   a p p r o x i m a t e l y   400°F  fo r   t en   m i n u t e s   in  a  p l a t e n  

p r e s s .   The  r e s u l t i n g   c o m p o s i t e   was  e x t r e m e l y   f l e x i -  

b l e   and  c o m p l i a n t ,   and  the   c o a t i n g   was  s t r o n g   a n d  

r e s i l i a n t   and  was  r e s i s t a n t   to  s c r a t c h i n g .  

EXAMPLES  15  A-C 

E x a m p l e s   15A  and  15B  were  p r e p a r e d   as  f o l l o w s .  

F o l l o w i n g   h e a t   c l e a n i n g ,   two  l e n g t h s   of  Chemfab  S t y l e  

129  g l a s s   c l o t h   (6 .2   o z / y d 2 )   (ECD  225  1 / 3 ,   38  x  40)  

were  c o a t e d   in  m u l t i p l e   s e m i f u s e d   d ip   p a s s e s   t h r o u g h  

50 :50   ( w e i g h t )   b l e n d s   of  TE-5489   and  c o m m e r c i a l l y   a v a i l -  

a b l e   p e r f l u o r i n a t e d   r e s i n   d i s p e r s i o n s   (as  d e s c r i b e d  

b e l o w ) ,   f o l l o w e d   by  f i n a l   d ry   f u s e   p a s s e s .   E x a m p l e  

15A  r e c e i v e d   7  p a s s e s   t h r o u g h   such  a  b l e n d   made  w i t h  

' T E - 3 3 1 3   wh ich   r e s u l t e d   in  a  9 . 54   o z / y d 2   c o m p o s i t e .  

Example   15B  r e c e i v e d   6  p a s s e s   t h r o u g h   a  b l e n d   made  



w i t h   T E - 9 5 0 3   t h e r m a l l y   c o n c e n t r a t e d   in  t he   l a b o r a t o r y  

to  63%  s o l i d s ,   and  r e s u l t e d   in  a  9 .25   o z / y d 2   p r o d u c t .  
T h e s e   e x a m p l e s   were   t e s t e d   as  shown  b e l o w .  

E x a m p l e   15C  was  p r e p a r e d   as  f o l l o w s .   F o l l o w i n g  

h e a t   c l e a n i n g ,   C h e m f a b   S t y l e   15227  g l a s s   c l o t h   (18  
o z / y d 2 )   (ECB  150  4 / 3 ,   18  x  19)  was  t r e a t e d   w i t h  

s i l i c o n e   o i l   by  d i p p i n g   t h e   c l o t h   in  E T - 4 3 2 7   d i l u t e d  

1 :8   by  v o l u m e   w i t h   w a t e r ,   f o l l o w e d   by  d r y i n g   and  b a k -  

ing  a t   6 5 0 ° F .   An  i n i t i a l   c o a t   of  50 :50   ( w e i g h t )   b l e n d  

of  T E - 3 3 1 3   and  T E - 5 4 8 9   was  t h e n   a p p l i e d   by  d i p p i n g ,  

w i p i n g   w i t h   smoo th   b a r s ,   d r y i n g ,   and  b a k i n g   a t   5 0 0 ° F .  

T h i s   i n i t i a l   c o a t   w e i g h e d   5 . 1   o z / y d 2 .   An  o v e r c o a t   o f  

F M K - 4 - 1 0 - B   was  t h e n   a p p l i e d   in  f i v e   s u c c e s s i v e   s e m i f u s e  

p a s s e s   t o t a l i n g   1 7 . 7   o z / y d 2 .   A  top  c o a t   of  1  o z / y d 2  

' o f   PTFE  was  a p p l i e d   in  a  s i n g l e ,   unwiped   s e m i f u s e d  

p a s s   t h r o u g h   T E - 3 3 1 3   a t   1 . 3 0   s p e c i f i c   g r a v i t y .   T h e  



m a t e r i a l   was  t h e n   c a l e n d e r e d   and  f i n a l l y   c o m p l e t e d   b y  

f u s i n g   in  a  s i n g l e   dry   f u s e   p a s s   at  7 2 0 ° F .  

The  f i n i s h e d   c o m p o s i t e   was  s o f t e r   t h a n   E x a m p l e s  

1  and  2.  The  c o a t i n g ,   a l t h o u g h   no t   as  g l o s s y   a n d  

f e e l i n g   more  c o m p r e s s i b l e   t h a n   the  c o a t i n g s   of  E x a m p l e s  

1  a n d   2,  o t h e r w i s e   was  as  d u r a b l e   when  the   m a t e r i a l  

was  s u b j e c t e d   to  rough   h a n d l i n g   such   as  s c r a p i n g   a n d  

c r e a s i n g .   The  warp  t e n s i l e   s t r e n g t h   of  t h i s   m a t e r i a l  

was  863  l b s / i n . ;   t he   c o a t i n g   a d h e s i o n   s t r e n g t h   w a s  

8.9  l b s / i n .  

EXAMPLES  16  A - F  

E x a m p l e   16A  was  p r e p a r e d   by  g i v i n g   Chemfab   S t y l e  

1 0 0 - 2 0   woven  KEVLAR  f a b r i c   ( a p p r o x i m a t e l y   16  x  16  

c o u n t ,   a p p r o x i m a t e l y  6 . 6   o z / y d 2 ,   y a r n   c o n s t r u c t i o n  

unknown)  2  w i p e d   f u s e   d i p s   t h r o u g h   u n d i l u t e d   T E - 5 4 8 9  

d i s p e r s i o n .   S i n t e r i n g - z o n e   t e m p e r a t u r e s   were  5 5 0 ° F  

d u r i n g   b o t h   p a s s e s .   The  f i n i s h e d   w e i g h t   of  t he   f a b r i c  

was  8 .9  o z / y d 2 .  

E x a m p l e   16B  was  made  w i t h   t he   same  r e i n f o r c e m e n t  

as  E x a m p l e   16A  and  was  g i v e n   a  s i n g l e   f u s e   d i p   t h r o u g h  

TE-5489   u n d e r   t he   same  c o n d i t i o n s   as  t he   i n i t i a l   o p e r -  
a t i o n   on  E x a m p l e   16A,  b r i n g i n g   i t s   t o t a l   w e i g h t   t o  

7 . 9 0   o z / y d 2 .   T h i s   was  f o l l o w e d   by  t h r e e   s e m i f u s e  

d i p s ,   w i p e d ,   t h r o u g h   F M K - 4 - 1 0 - B ,   w i t h   b a k i n g   zone  a t  

5 0 0 ° F ,   w h i c h   r a i s e d   the   t o t a l   w e i g h t ,   in  s u c c e s s i o n ,  

to  1 1 . 4 ,   1 3 . 5 ,   and  17 .0   o z / y d 2 ,   r e s p e c t i v e l y .   T h e  

m a t e r i a l   was  c o m p l e t e d   w i t h   a  f u s e   p a s s   at   7 0 0 ° F .  

E x a m p l e   16C  was  a l s o   made  w i t h   t he   same  r e i n f o r c e -  

ment   as  E x a m p l e s   16A  and  16B,  bu t   in  Example   16C  t h e  

i n i t i a l   c o a t   c o n s i s t e d   of  a  b l e n d   of  50%  by  w e i g h t  

PTFE  from  T E - 3 3 1 3   and  50%  by  w e i g h t   p o l y m e r   f rom  T E -  

5489 ,   a p p l i e d   as  a  wiped   f u s e   d i p   at   5 5 0 ° F .   The  t o t a l  

w e i g h t   of  the   r e i n f o r c e m e n t   and  the   i n i t i a l   c o a t   t h u s  

. a p p l i e d   was  8 .4   o z / y d 2 .   As  an  o v e r c o a t ,   3  d i p s   o f  

FMK-4-10-B  were   a p p l i e d   and  dry  f u s e d   e s s e n t i a l l y   a s  



t h e y   were   in  m a k i n g   E x a m p l e   16B,  y i e l d i n g   a  f i n i s h e d  

p r o d u c t   w e i g h i n g   1 6 . 8   o z / y d 2 .   The  t h r e e   p r o d u c t s  

we re   t e s t e d   as  shown  in  the  f o l l o w i n g   t a b l e .  

A  r e i n f o r c e m e n t   fo r   E x a m p l e s   16D,  E  and  F  w a s  

made  by  h e a t   c l e a n i n g   S t y l e   No.  W-134  woven  g r a p h i t e  

f a b r i c   ( 5 .8   o z / y d 2 ,   a p p r o x i m a t e l y   12  x  12  c o u n t   m a n u -  

f a c t u r e d   by  F i b e r i t e   C o r p o r a t i o n )   by  b a k i n g   a t   6 8 0 ° F .  

E x a m p l e   16D  was  t h e n   made  by  g i v i n g   t h e   r e i n f o r c e m e n t  

two  w i p e d   f u s e   d i p s   t h r o u g h   T E - 5 4 8 9   d i s p e r s i o n   a t  

5 5 0 ° F .   The  f i n i s h e d   w e i g h t   was  8 .3   o z / y d 2 .  

In  m a k i n g   t he   c o m p o s i t i o n   of  E x a m p l e   16E,  t h e  

h e a t   c l e a n e d   g r a p h i t e   was  g i v e n   a  s i l i c o n e   t r e a t m e n t  

by  d i p p i n g   the   u n w i p e d   r e i n f o r c e m e n t   t h r o u g h   E T - 4 3 2 7 ,  

d i l u t e d   1:8  by  v o l u m e   w i t h   w a t e r ,   f o l l o w e d   by  d r y i n g  

and  b a k i n g   a t   5 0 0 ° F .   T h i s   was  f o l l o w e d   by  a  w i p e d  



f u s e   d ip   t h r o u g h   T E - 5 4 8 9   and  b a k i n g   a t   550°F  b r i n g i n g  

t h e   6.0  o z / y d 2   s i l i c o n e   t r e a t e d   f a b r i c   to  a  t o t a l  

w e i g h t   of  7 .4   o z / y d 2 .   T h r e e   a d d i t i o n a l   w i p e d ,   s e m i -  

f u s e d   d i p s   of  F M K - 4 - 1 0 - B   were  a p p l i e d   and  f o l l o w e d   b y  

b a k i n g   a t   500°F  b r i n g i n g   the  w e i g h t   to  1 1 . 9 ,   1 3 . 6 ,  

and  15 .7   o z / y d 2 ,   r e s p e c t i v e l y ,   a f t e r   each  p a s s .   A 

f i n a l   bake  was  a c c o m p l i s h e d   a t   7 0 0 ° F .  

Example   16F  was  made  a c c o r d i n g   to  e s s e n t i a l l y  

t he   same  p r o c e d u r e   as  Example   16E,  u s i n g   the   s i l i c o n e  

t r e a t e d   r e i n f o r c e m e n t ,   bu t   w i t h   t h e   50 :50   s o l i d s   b l e n d  

of  TE-3313   and  T E - 5 4 8 9   r e p l a c i n g   the   TE-5489   as  t h e  

i n i t i a l   c o a t .   The  w e i g h t   f o l l o w i n g   t h i s   s t e p   was  7 . 8  

o z / y d 2 .   T h r e e   w i p e d ,   s e m i f u s e d   d i p s   of  F M K - 4 - 1 0 - B  

were  s u b s e q u e n t l y   a p p l i e d   and  dry   f u s e d   as  t h e y   w e r e  

in  mak ing   E x a m p l e   16E,  r e s u l t i n g   in   a  f i n i s h e d   w e i g h t  
of  15 .5   o z / y d 2 .   The  t h r e e   p r o d u c t s   were  t e s t e d   a s  
shown  in  the   f o l l o w i n g   t a b l e .  



EXAMPLES  17  A-M 

S e v e r a l   e x a m p l e s   i n c o r p o r a t i n g   a  KALREZ  l a t e x  
o b t a i n e d   f rom  D u P o n t   and  i d e n t i f i e d   as  3 4 0 4 5 - 1 3 3   w e r e  

p r e p a r e d   by  a  l a m i n a t i n g   p r o c e s s   w h i c h   i n v o l v e d   e v a p -  

o r a t i n g   t he   d i s p e r s i o n   to  d r y n e s s   to  o b t a i n   a  c r u m b ,  

p r e s s i n g   the   c rumb  to  a  f i l m   in  a  p l a t e n   p r e s s   a n d  

l a m i n a t i n g   t he   f i l m   to  a  s u b s t r a t e ,   a l s o   in  a  p l a t e n  

p r e s s .   E x a m p l e   17A  was  p r e p a r e d   by  h e a t   c l e a n i n g  

S t y l e   15227  g l a s s   and  g i v i n g   t h e   g l a s s   a  s i l i c o n e  

t r e a t m e n t   by  d i p p i n g   t h r o u g h   E T - 4 3 2 7   d i l u t e d   1:8  b y  

vo lume   w i t h   w a t e r   f o l l o w e d   by  d r y i n g   and  b a k i n g .   T h e  

t r e a t e d   s u b s t r a t e   was  t h e n   d i p p e d   t h r o u g h   t h e   KALREZ 

d i s p e r s i o n ,   u n w i p e d ,   and  b a k e d   a t   5 0 0 ° F .   The  r e s u l t -  

ing  c o m p o s i t e   w e i g h e d   2 0 . 8   o z / y d 2 .  

E x a m p l e   17B  was.  p r e p a r e d   by  g i v i n g   a  p o r t i o n   o f  

the   c o a t e d   f a b r i c   of  E x a m p l e   17A  f o u r   s e m i f u s e d   p a s s e s  

t h r o u g h   T E - 3 3 1 3 ,   v i s c o s i f i e d   to  a p p r o x i m a t e l y   150  c p s  
w h i l e   w i p i n g   w i t h   40  m i l   w i r e   wound  b a r s .   The  r e s u l t -  

ing  36 .2   o z / y d 2   m a t e r i a l   was  p r e s s e d   in  a  p l a t e n   p r e s s  
for   1  m i n u t e   a t   a p p r o x i m a t e l y   1 , 3 0 0   p s i   w i t h   p l a t e n s  

h e a t e d   to  3 2 5 ° F .   The  c o a t e d   s u r f a c e s   were   p r o t e c t e d  

by  r e l e a s e   s h e e t s   of  CHEMFAB  1 0 0 - 1 0   TCGF  (PTFE  c o a t e d  

g l a s s   f a b r i c )   d u r i n g   the   p r e s s i n g .   The  m a t e r i a l   w a s  

t h e n   baked   f o r   20  m i n u t e s   in  an  a i r   c i r c u l a t i n g   oven  a t  

525°F  to  r emove   r e s i d u a l   s u r f a c t a n t .   I t   was  r e t u r n e d  

to  t he   p r e s s ,   p r o t e c t e d   by  c l e a n   a l u m i n u m   f o i l   o n  

bo th   s i d e s ,   and  s i n t e r e d   by  p r e s s i n g   a t   minimum  p r e s -  

s u r e   ( l e s s   t h a n   15  p s i ) ,   w i t h   p l a t e n s   h e a t e d   to  7 2 0 ° F ,  

fo r   5  m i n u t e s .   The  r e s u l t i n g   m a t e r i a l   w e i g h e d   a p p r o x -  

i m a t e l y   3 5 . 5   o z / y d 2 .  

E x a m p l e   17C  was  p r e p a r e d   by  g i v i n g   a  p o r t i o n   o f  

the   c o a t e d   f a b r i c   of  E x a m p l e   17A  f i v e   w iped   p a s s e s  

t h r o u g h   u n d i l u t e d   VTR-5307   f l u o r o e l a s t o m e r   l a t e x .   E a c h  

p a s s   was  d r i e d   and  b a k e d   a t   a p p r o x i m a t e l y   3 0 0 - 4 5 0 ° F .  

. T h e   m a t e r i a l   was  t h e n   b a k e d   in  a  5 2 5 ° F   a i r   c i r c u l a t i n g  

oven  f o r   20  min .   to  r emove   r e s i d u a l   s u r f a c t a n t .   T h e  

f i n a l   w e i g h t   was  32 .2   o z / y d 2 .  



E x a m p l e   17D  was  p r e p a r e d   by  g i v i n g   a  p o r t i o n   o f  

c o a t e d   f a b r i c   of  Example   17A  t h r e e   s e m i f u s e   p a s s e s  
w i p e d   w i t h   40  mi l   w i r e   wound  b a r s ,   t h r o u g h   F M K - 4 - 1 0 - B ,  

a l l   p a s s e s   a t   10  i n / m i n .   The  m a t e r i a l ,   which   a t   t h i s  

p o i n t   w e i g h e d   32 .9   o z / y d 2 ,   was  s u b s e q u e n t l y   baked   20 

m i n u t e s   in  a  525°F  a i r   c i r c u l a t i n g   oven  and  f u s e d   i n  

a  p l a t e n   p r e s s   at  l e s s   t h a n   15  p s i   w i th   720°F  p l a t e n s  
f o r   5  m i n u t e s   b e t w e e n   s h e e t s   of  c l e a n   a luminum  f o i l .  

In  Example   17E,  a  KALREZ  crumb  was  p r e p a r e d   b y  

e v a p o r a t i n g   a  q u a n t i t y   of  KALREZ  d i s p e r s i o n   to  d r y n e s s  

in  an  a i r   c i r c u l a t i n g   oven  a t   7 5 - 8 5 ° C .   Ten  grams  o f  

t h e   c rumb  were  p l a c e d   b e t w e e n   an  a p p r o x i m a t e l y   18  x  18 

i n c h   p i e c e   of  a luminum  f o i l   t r e a t e d   w i t h   s i l i c o n e  

mold  r e l e a s e   (SPRITS  SILICONE  MOLD  RELEASE,  s o l d   by  

S p r i t s   of  M e l v i l l e ,   New  York)  on  one  s i d e   and  a  s i m i -  

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

( a v a i l a b l e   as  SRC-5  f rom  Oak  I n d u s t r i e s ,   I n c . ,   H o o s i c k  

F a l l s ,   New  York)  on  the   o t h e r .   The  m a t e r i a l   was  p l a c e d  

b e t w e e n   smooth   c a u l   p l a t e s   of  1 /8"   s t a i n l e s s   s t e e l  

and  p r e s s e d   for  5  m i n u t e s   at   80  t o n s   f o r c e   on  t h e  

p l a t e n s   a t   5 5 0 ° F ,   f o l l o w i n g   w h i c h   the   work  was  c o o l e d  

u n d e r   p r e s s u r e .   The  r e s u l t   was  a  c i r c u l a r   p i e c e   o f  

KALREZ  f i l m   a p p r o x i m a t e l y   8 -10"   in  d i a m e t e r   and  v a r y -  

ing  in  t h i c k n e s s   from  .005   to  .008  i n .  

The  f i l m   was  t h e n   f o l d e d   over   an  edge  of  a  p o r -  
t i o n   of  Example   17A  in  such  a  way  t h a t   a p p r o x i m a t e l y  

e q u a l   s e m i c i r c u l a r   a r e a s   of  f i l m   were  o p p o s i t e   e a c h  

o t h e r   on  o p p o s i t e   s i d e s   of  the   Example   17A  c o a t e d  

r e i n f o r c e m e n t .   Th i s   s a n d w i c h   was  p l a c e d   in  t h e   p r e s s  

b e t w e e n   t h i c k n e s s e s   of  g l a s s   c l o t h   s e r v i n g   as  c o m p r e s -  
s i o n   pads   to  f o r c e   the   f i l m   i n t o   the   i r r e g u l a r i t i e s  

of  t he   r e i n f o r c e m e n t .   Aluminum  f o i l ,   t r e a t e d   w i t h   a  

s i l i c o n e   mold  r e l e a s e ,   was  used   b e t w e e n   the   f i l m   a n d  

c o m p r e s s i o n   p a d s .   S t a i n l e s s   c a u l   p l a t e s   were  u s e d .  

. T h e   l a m i n a t e   was  p r e s s e d   for   5  m i n u t e s   at  550°F  e m p l o y -  

ing  a  f o r c e   of  10  t o n s   on  the   p l a t e n s ,   ( a p p r o x i m a t e l y  



4 0 0 - 5 0 0   l b s / i n 2   on  the   10  i n .   d i a m e t e r   s e m i c i r c u l a r  

c o m p o s i t e ) .   The  c o m p o s i t e   was  c o o l e d   u n d e r   p r e s s u r e .  
The  f o i l   was  e a s i l y   s t r i p p e d   away  to  o b t a i n   t h e  

r e s u l t i n g   s e m i c i r c u l a r   l a m i n a t e d   c o m p o s i t e   s u r r o u n d e d  

by  t h e   more  l i g h t l y   c o a t e d   r e i n f o r c e m e n t .   T h i s   m a t e r i -  

a l   was  a g a i n   p l a c e d   in  t h e   p r e s s   b e t w e e n   m o l d - r e l e a s e -  

t r e a t e d   a l u m i n u m   f o i l   s h e e t s   fo r   5  m i n u t e s   w i t h   5  t o n s  

f o r c e   on  t h e   p l a t e n s   a t   3 5 0 ° F   to   smooth   out   the   f a b r i c  

i m p r i n t   wh ich   came  t h r o u g h   t h e   f o i l   from  t he   c o m p r e s -  
s i o n   p a d .   The  c o m p l e t e d   s m o o t h   l a m i n a t e   was  0 .028   t o  

0 . 0 2 9   i n c h e s   t h i c k   n e a r   t h e   c e n t e r   and  0 . 0 2 6   to  0 . 0 2 7  

i n c h e s   n e a r   t he   e d g e s .   U n d e r   t h e   m i c r o s c o p e ,   no  v o i d s  

were  v i s i b l e ,   e i t h e r   l o o k i n g   t h r o u g h   the   f a c e   of  t h e  

f a b r i c   or  a t   cu t   e d g e s .   V i s u a l l y ,   i t   c o u l d   no t   b e  

d i s t i n g u i s h e d   f rom  d i p   c o a t e d   m a t e r i a l   e x c e p t   for   i t s  

c o m p l e t e   l a c k   of  b u b b l e s ,   p i n   h o l e s   and  c r a t e r s .  

S i m i l a r   l a m i n a t e d   c o m p o s i t e s   were   made  by  t h e  

same  t e c h n i q u e   as  E x a m p l e   17E,   u s i n g   E x a m p l e s   1 7 D ,  

17C  and  17B  as  s u b s t r a t e s .   T h e s e   were  d e s i g n a t e d  

E x a m p l e s   17G,  17H,  and  1 7 J ,   r e s p e c t i v e l y .  

To  f a c i l i t a t e   c o m p a r i s o n s ,   the   c o m p o s i t i o n s   o f  

E x a m p l e s   17A-E  and  G,  H  a n d   J  a r e   s u m m a r i z e d   in  t h e  

f o l l o w i n g   t a b l e .  



Example   17K  was  p r e p a r e d   by  p l a c i n g   a  f i l m   m a d e  

from  KALREZ  l a t e x   as  d e s c r i b e d   in  the  p r o c e d u r e   f o r  

p r e p a r i n g   Example   17E  on  one  s i d e   of  a  p i e c e   of  C h e m f a b  

S t y l e   129  g l a s s   f a b r i c   wh ich   had  been  p r e v i o u s l y   h e a t  

c l e a n e d .   The  l a y u p   was  p r o t e c t e d   on  bo th   s i d e s   b y  

a l u m i n u m   f o i l   and  p l a c e d   in  a  p l a t e n   p r e s s   and  p r e s s e d  

for   one  m i n u t e   a t   550°F   u s i n g   minimum  o b t a i n a b l e   f o r c e .  

The  m a t e r i a l   which   was  r e m o v e d   from  the   p r e s s   was  a  

o n e - s i d e d   c o m p o s i t e   w i t h   the   f i l m   w e l l   a d h e r e d   to  t h e  

r e i n f o r c e m e n t .   A  p i e c e   of  t he   o n e - s i d e d   c o m p o s i t e  

was  c o a t e d   on  the  b a r e   g l a s s   s i d e   w i th   c o n t a c t   a d h e -  

s i v e   ( A r m s t r o n g   " N - I I I   INDUSTRIAL  ADHESIVE").   T h e  

same  a d h e s i v e   was  a l s o   a p p l i e d   to  one  s i d e   of  a  s w a t c h  

of  p o l y e s t e r - c o t t o n   f a b r i c .   A f t e r   d r y i n g ,   t he   t w o  

a d h e s i v e - c o a t e d   m a t e r i a l s   were   p r e s s e d   t o g e t h e r   t o  

' f o r m   a  t w o - p l y   f a b r i c   h a v i n g   one  p e r f l u o r o e l a s t o m e r  

face   and  one  p o l y e s t e r - c o t t o n   f a c e ,   such  as  would   b e  

s u i t a b l e   for   a  g a r m e n t .  



E x a m p l e   17L  was  a  g r a p h i t e   r e i n f o r c e d   p e r f l u o r o -  

p o l y m e r   c o m p o s i t e   w h i c h   was  p r e p a r e d   by  u s i n g   t h e  

E x a m p l e   16D  m a t e r i a l   as  a  s u b s t r a t e   and  m a k i n g   a  l a m i -  

n a t e   a c c o r d i n g   to  t h e   t e c h n i q u e s   e m p l o y e d   in  p r o d u c i n g  

E x a m p l e   17E.  As  h e r e t o f o r e   n o t e d ,   the   i n i t i a l   c o a t -  

ing  on  the   s u b s t r a t e   was  d e r i v e d   f rom  T E - 5 4 8 9 ,   a  l o w  

c r y s t a l l i n i t y   p e r f l u o r o p o l y m e r   b a s e d   d i s p e r s i o n s .  

The  r e s u l t i n g   l a m i n a t e   was  a p p r o x i m a t e l y   0 . 0 1 5   i n c h e s  

t h i c k   w i t h   a  s m o o t h ,   r e s i l i a n t   m a t r i x   w h i c h   a p p e a r e d  

to  t h o r o u g h l y   s a t u r a t e   t he   r e i n f o r c e m e n t .  

E x a m p l e   17M  was  a  l a m i n a t e   p r e p a r e d   by  b o n d i n g  

.005   i n c h   t h i c k   PTFE  s k i v e d   f i l m   ( a v a i l a b l e   f r o m  

C h e m p l a s t ,   I n c . ,   W a y n e ,   New  J e r s e y )   to  b o t h   f a c e s   o f  

a  s u b s t r a t e   of  E x a m p l e   17D,  w h i c h   in  t u r n   c o n s i s t e d  

of  15227  r e i n f o r c e m e n t ,   s i l i c o n e   t r e a t e d   w i t h   an  i n i -  

t i a l   c o a t   of  KALREZ  f o l l o w e d   by  an  o v e r c o a t   of  b l e n d e d  

f l u o r o e l a s t o m e r - P T F E   (FMK4-10B) .   The  l a m i n a t e   w a s  

p r e s s e d   u n d e r   t he   f o l l o w i n g   c o n d i t i o n s :   p l a t e n   t e m -  

p e r a t u r e ,   7 2 0 ° F ;   p r e s s u r e ,   10  t o n s   f o r c e   on  a  s p e c i m e n  

m e a s u r i n g   a p p r o x i m a t e l y   5  i n .   x  10  i n . ;   t i m e   a t   t e m -  

p e r a t u r e ,  5   m i n u t e s ;   c o o l e d   u n d e r   p r e s s u r e   to  5 0 0 ° F ;  

and  r e m o v e d   f rom  p r e s s .   The  c o m p l e t e d   s p e c i m e n   w a s  

0 . 0 3 5   to  0 . 0 3 7   i n c h e s   t h i c k .   The  PTFE  a p p e a r e d   to  b e  

s t r o n g l y   a d h e r e d   to  t h e   o v e r c o a t .   T h e r e   was  no  t e n -  

d e n c y   t o w a r d   s e p a r a t i o n   even   a f t e r   r e p e a t e d   s p l i t t i n g  

o f f   of  s m a l l   a r e a s   of  t he   l a m i n a t e d   o v e r c o a t   a n d  

a t t e m p t i n g   to  p u l l   t h e   l a y e r s   a p a r t .  

EXAMPLES  19  A&B 

E x a m p l e   19A  was  p r e p a r e d   as  f o l l o w s :   C h e m f a b  

S t y l e   122  g l a s s   f a b r i c   was  h e a t   c l e a n e d .   A  s i l i c o n e  

o i l   l u b r i c a n t / s a t u r a n t   and  an  i n i t i a l   c o a t   of  PTFE 

were   t h e n   a p p l i e d   s i m u l t a n e o u s l y   in  a  s i n g l e   d i p  

t h r o u g h   a  b a t h   of  FMK  4 - l 0 A   f o l l o w e d   by  d r y i n g   a n d  

. b a k i n g .   The  p r e p a r e d   r e i n f o r c e m e n t   was  l a m i n a t e d  

b e t w e e n   .012  i n c h   s h e e t s   of  u n c u r e d   c a l e n d e r e d   s h e e t  



s t o c k   i d e n t i f i e d   as  " F l u o r e l   b a s e d   Diak  c a t a l y z e d  

f l u o r o e l a s t o m e r   compound  s u i t a b l e   for  f l u e   d u c t  

a p p l i c a t i o n s "   ( P a s s a i c   Rubber   C o r p o r a t i o n ,   C l i f t o n ,  

N . J . )   The  r u b b e r   was  b r u s h e d   w i t h   a c e t o n e   on  t he   s i d e s  

c o n t a c t i n g   the  f a b r i c   b e f o r e   the   m a t e r i a l   was  l a i d - u p  

and  the  s a n d w i c h   was  c u r e d   by  p r e s s i n g   for   15  m i n u t e s  

b e t w e e n   350°F  p l a t e n s   at  a p p r o x i m a t e l y   250  to   3 0 0  

l b s / i n . 2   (on  s p e c i m e n )   and  c o o l i n g   u n d e r   p r e s s u r e  

to  2 0 0 ° F .   The  r e s u l t i n g   r e i n f o r c e d   r u b b e r   s l a b   w a s  

a p p r o x i m a t e l y   0 .14  i n c h e s   t h i c k   and  was  v e r y   f l e x i b l e  

w i t h   a  good  i n t e g r i t y .  

E x a m p l e   19B  was  p r e p a r e d   a c c o r d i n g   to  t h e   s a m e  

p r o c e d u r e s   as  t h o s e   e m p l o y e d   in  the  p r e p a r a t i o n   o f  

E x a m p l e   19A  e x c e p t   t h a t   the   s u b s t r a t e   used   was  1 5 2 2 7  

as  t he   r e i n f o r c e m e n t   and  the  r u b b e r   s l a b s   were   n o t  

b r u s h e d   w i t h   a c e t o n e   p r i o r   to  l a y - u p .   The  r e s u l t i n g  

m a t e r i a l   was  a l s o   0 .04   i n c h e s   t h i c k ,   a p p e a r e d   to  b e  

e q u a l l y   f l e x i b l e   when  c o m p a r e d   w i t h   E x a m p l e   19A,  a n d  

a l s o   p o s s e s s e d   good  i n t e g r i t y .  

EXAMPLES  20  A&B 

A  KALREZ  crumb  c o n t a i n i n g   1 .5  p a r t s   pe r   h u n d r e d  

p a r t s   r u b b e r   of  T r i a l l y l i s o c y a n u r a t e   (TAIC)  ( m a n u f a c -  

t u r e d   by  Nippon   K a s e i   C h e m i c a l   Company,   L t d . ,   T o k y o ,  

J a p a n   and  a v a i l a b l e   in  the   U n i t e d   S t a t e s   f rom  M i t s u b i s h i  

I n t e r n a t i o n a l   C o r p o r a t i o n ,   New  York,   New  York)   w a s  

made  by  a d d i n g   the  n e c e s s a r y   TAIC  as  a  5%  s o l u t i o n   i n  

d e n a t u r e d   e t h a n o l   to  the   KALREZ  d i s p e r s i o n   and  e v a p o -  

r a t i n g   the  t r e a t e d   l a t e x   to  d r y n e s s   at   a b o u t   9 0 ° C .  

The  a d d i t i o n   of  TAIC  in  t h i s   manner   d id   n o t   a p p e a r   t o  

i n d u c e   c o a g u l a t i o n .  

Two  c o m p o s i t e s   were  made  a c c o r d i n g   to  t e c h n i q u e s  

i d e n t i c a l   w i t h   t h o s e   used  in  p r e p a r i n g   E x a m p l e s   1 7 E ,  

G,  H  and   J.   One  was  made  on  Example   17A,  d e s i g n a t e d  

E x a m p l e   20A,  and  one  was  made  on  Example   16A,  d e s i g n a t e d  

E x a m p l e   20B.  Each  of  t h e s e   c o m p o s i t e s   was  i r r a d i a t e d  



w i t h   a  1  MeV  e l e c t r o n   beam  to  a  t o t a l   of  4,  8  and  16  

m e g a r a d s ,   r e s p e c t i v e l y .   The  beam  c u r r e n t   e m p l o y e d  

was  5  m i l l i a m p s .   D e t e r m i n a t i o n   of  the   d y a n a m i c   m o d u l u s  

fo r   t he   i r r a d i a t e d   c o m p o s i t e s   s u g g e s t s   t h a t   t he   r a d i a -  

t i o n   had  i n d u c e d   c r o s s - l i n k i n g .  

EXAMPLE  21  

C o m p o s i t e s   m a n u f a c t u r e d   in  a c c o r d a n c e   w i t h   t h e  

m e t h o d   of   E x a m p l e   2  were   p l i e d   and  l a m i n a t e d   in  a  

p l a t e n   p r e s s ,   w i t h   0 . 0 0 5   i n c h   FEP  f i l m   as  a  m e l t   a d h e -  

s i v e   b e t w e e n   p l i e s ,   u s i n g   t he   f o l l o w i n g   l a m i n a t i n g  

c o n d i t i o n s :  

p l a t e n   t e m p e r a t u r e  :   6 7 0 ° F  

p r e s s u r e   -  :  a p p r o x i m a t e l y   500  p s i  

t i m e   a t   t e m p e r a t u r e  :   6  m i n .  

Four   e x a m p l e s   of  2  p l y   l a m i n a t e s   were  p r o d u c e d ,  

d i f f e r i n g   in  t h e   r e l a t i v e   o r i e n t a t i o n   of  the   w a r p .  

y a r n s   in  t h e   p l i e s .   E x a m p l e s   were   made  w i t h   w a r p  

y a r n s   p a r a l l e l   (0°  s k e w ) ,   s k e w e d   30° ,   skewed  45° ,   a n d  

p e r p e n d i c u l a r   (90°  s k e w ) .  

C o m p o s i t e s   m a n u f a c t u r e d   in  a c c o r d a n c e   w i t h  

E x a m p l e   2A  were   a l s o   l a m i n a t e d ,   u s i n g   p r e s s i n g   c o n d i -  

t i o n s   s i m i l a r   to  t h o s e   d e s c r i b e d   a b o v e ,   bu t   w i t h   l o w e r  

p r e s s u r e ,   a p p r o x i m a t e l y   280  p s i   (45  t o n s   f o r c e   o n  

18  i n .   x  18  i n .   l a m i n a t e ) .   P ly   warp  y a r n   o r i e n t a t i o n s  

of  0,  30,  45,   and  90  d e g r e e s   were   e m p l o y e d   in  m a k i n g  

t h e s e   e x a m p l e s   a l s o .  

The  l a m i n a t e s   were  t e s t e d   f o r   s t r i p   t e n s i l e   a n d  

t r a p e z o i d a l   t e a r   s t r e n g t h .   The  r e s u l t s   of  t h e s e   t e s t s  

a re   r e p o r t e d   in  T a b l e   XVI  b e l o w .  





EXAMPLE  22  

A  k n i t   f i b e r g l a s s   f a b r i c   w e i g h i n g   a p p r o x i m a t e l y  
5  o z / y d 2  w a s   g i v e n   a n  u n w i p e d   d i p   t h r o u g h   Dow  C o r n i n g  

E T - 4 3 2 7 , . w h i c h   had  been   d i l u t e d   1:8  by  vo lume   w i t h  

t a p   w a t e r   d r i e d   and  b a k e d .   The  t r e a t e d   k n i t   s u b -  

s t r a t e   was  t h e n   g i v e n   a  s i n g l e   d ip   t h r o u g h   KALREZ 

d i s p e r s i o n ;   d r i e d ;   and  b a k e d   at   7 0 0 ° F .   The  c o a t e d  

r e i n f o r c e m e n t   was  p l a c e d   b e t w e e n   l a y e r s   of  a  f i l m  

p r e p a r e d   f rom  K a l r e z   and  t h e   s a n d w i c h ,   p r o t e c t e d   b y  

a l u m i n u m   f o i l   t r e a t e d   w i t h   a  s i l i c o n e   mold  r e l e a s e ,  

was  p r e s s e d   b e t w e e n   p l a t e n s   550°F  at   a p p r o x i m a t e l y  

100  p s i   fo r   5  m i n u t e s   and  c o o l e d   under   p r e s s u r e .   T h e  

r e s u l t i n g   c o m p o s i t e   was  s o f t   and  f l e x i b l e .  

. EXAMPLE  23 

In  a c c o r d a n c e   w i t h   t h e   me thod   used   in  p r e p a r i n g  

E x a m p l e   22,   bu t   w i t h   d i f f e r e n t   l a m i n a t i n g   c o n d i t i o n s  

( i . e . ,   720°F   p l a t e n   t e m p e r a t u r e ,   a p p r o x i m a t e l y   500  p s i  

p r e s s u r e ,   3  m i n u t e s   a t   t e m p e r a t u r e   f o l l o w e d   by  c o o l i n g  

u n d e r   p r e s s u r e ) ,   a  l a m i n a t e   was  made  w i t h   a  f i l m  o f  

F M K - 4 - 1 0 - B   r e i n f o r c e d   w i t h   k n i t t e d   f i b e r g l a s s   f a b r i c  

w h i c h   had  been   p r i m e d   w i t h   E T - 4 3 2 7   and  d i p   c o a t e d   i n  

a  K a l r e z   l a t e x .  

EXAMPLES  24  A-D 

A  s e r i e s   of  f o u r   s p e c i m e n s   s i m i l a r   to  E x a m p l e   2A 

was  p r o d u c e d   c o m p a r i n g   PFA,  FEP,  and  PTFE  as  t o p c o a t s  

and  PFA  and  PTFE  as  the   r e s i n   c o n s t i t u e n t   o f  t h e   p e r -  
f l u o r o p o l y m e r / f l u o r o e l a s t o m e r   b l e n d   o v e r c o a t .   T h e  

c o n s t r u c t i o n   of  t he   c o m p o s i t e s   is  s u m m a r i z e d   in  t h e  

f o l l o w i n g   t a b l e .  



Al l   m a t e r i a l s   were   p r o c e s s e d   in  a  manner   s i m i l a r   t o  

Example   2A.  The  i n i t i a l   l a y e r   was  a p p l i e d   in  a n  

u n w i p e d   f u s e   d i p .   The  o v e r c o a t   l a y e r s   were  a p p l i e d  

in  m u l t i p l e ,   w i p e d ,   s e m i f u s e   d i p s   to  b r i n g   t o t a l   f a b r i c  

w e i g h t   to  a p p r o x i m a t e l y   40  o z / y d  .   The  f a b r i c s   w e r e  

c a l e n d e r e d   to  c o n s o l i d a t e   the   s e m i f u s e d   l a y e r s ,   d r y  

f u s e d ,   and  c o m p l e t e d   w i th   s i n g l e   unwiped   f u s e   d i p s  

t h r o u g h   the   t o p c o a t   d i s p e r s i o n s .  

S a m p l e s   of  t he   m a t e r i a l s   were  t e s t e d   for   i n i t i a l  

p h y s i c a l   p r o p e r t i e s   w i t h   r e s u l t s   shown  b e l o w .  



EXAMPLES  25  A-C 

P i e c e s   of  c o p p e r   f o i l ,   .003  i n c h e s   t h i c k ,   e t c h e d  

on  one  s i d e   ( a v a i l a b l e   f rom  Y a t e s   I n d u s t r i e s ,   I n c . ,  

B o r d e n t o w n ,   New  J e r s e y ;   s p e c i f y   t y p e   "A"  e t c h )   w e r e  

w a s h e d   w i t h   s o a p   and  w a t e r ,   r i n s e d   w i t h   d i s t i l l e d  

.  w a t e r ,   w a s h e d   w i t h   r e a g e n t   g r a d e   a c e t o n e ,   and  a i r  

d r i e d .   The  e t c h e d   s u r f a c e   was  t r e a t e d   w i t h   gamma-  

A m i n o p r o p y l t r i e t h o x y s i l a n e   ( a v a i l a b l e   from  U n i o n  



C a r b i d e   C o r p o r a t i o n ,   New  York ,   New  York  as  A-1100 )   b y  

d i p p i n g   in  a  1%  a q u e o u s   s o l u t i o n   and  d r y i n g   in  an  a i r  

c i r c u l a t i n g   oven  a t   2 2 5 ° F .   L a m i n a t e s   were   made  o n  

t h e   t r e a t e d   f o i l   s u b s t r a t e   as  shown  in  t he   f o l l o w i n g  

t a b l e :  

TE-5489   as  s u p p l i e d   by  DuPont   c o n t a i n s   a  h i g h  

t e m p e r a t u r e   m e t h y l - p h e n y l   s i l i c o n e   o i l .   When  t h e  

d i s p e r s i o n   is  d r i e d   to  form  a  crumb  and  the   crumb  i s  

p r e s s e d   i n t o   a  f i l m   in  a c c o r d a n c e   w i t h   the   m e t h o d   o f  

E x a m p l e   17E,  t he   s i l i c o n e   o i l   s a t u r a t e s   and  c o a t s  t h e  

f i l m s   and  p r e v e n t s   a d h e s i o n   to  o t h e r   c o m p o n e n t s   i n  

h o t   p r e s s e d   l a m i n a t e s .   To  remove  t h i s   s i l i c o n e ,   t h e  

c a s t   f i l m   was  c h o p p e d   and  washed  in  c l e a n   t o l u e n e   i n  

a  Ross   M i x e r - E m u l s i f i e r ,   d r i e d   in  an  a i r   c i r c u l a t e d  

oven   at   50°C,  and  r e - p r e s s e d   to  a  f i l m .   T h i s   w a s  

r e p e a t e d   fou r   t i m e s   and  the  r e s u l t i n g   s i l i c o n e - f r e e  

f i l m   was  used  in  m a k i n g   Example   25B.  



The  t h r e e   e x a m p l e s   a r e   f o i l s   w i t h   d u r a b l e ,   c o m -  

p r e s s i b l e   p o l y m e r i c   c o a t i n g s .   E x a m p l e   25B  p o s s e s s e d  

a  p a r t i c u l a r l y   s o f t   y e t   r e s i l i a n t   c o a t i n g   v e r y   f i r m l y  

b o n d e d   to  t he   c o p p e r   s u r f a c e .   The  c o a t i n g   can  be  g o u g e d  

w i t h   a  k n i f e   bu t   shows  no  t e n d e n c y   to  d e l a m i n a t e   e v e n  

in  b o i l i n g   w a t e r .   E x a m p l e   25C  has  a  somewhat   l e s s  

r e s i l i a n t   and  s o f t e r   c o a t i n g   t h a n   25B,  but   a p p e a r s  

e q u a l l y   r e s i s t a n t   to  d e l a m i n a t i o n .   E x a m p l e   25A  h a s  

c o a t i n g   c h a r a c t e r i s t i c s   s i m i l a r   to  25C,  but   was  t h e  

m o s t   e a s i l y   g o u g e d   of  t h e   t h r e e .  

EXAMPLE  26 

A  p i e c e   of  o r d i n a r y ,   16  ga .   c o l d   r o l l e d   s t e e l  

was  a b r a d e d   w i t h   200  g r i t   s a n d p a p e r   on  one  s i d e   u n t i l  

t he   s u r f a c e   was  b r i g h t   and  s h i n y   and  f r e e   of  m i l l  

s c a l e   and  r u s t .   The  s u r f a c e   was  washed   w i t h   r e a g e n t  

g r a d e   a c e t o n e ,   a l l o w e d   to  a i r   d r y ,   f l o o d e d   w i t h   6 

n o r m a l   s o d i u m   h y d r o x i d e   s o l u t i o n ,   a l l o w e d   to  s t a n d  

s e v e r a l   m i n u t e s ,   w a s h e d   w i t h   d i s t i l l e d   w a t e r ,   a n d  

a l l o w e d   to  a i r   d r y .   The  s u r f a c e   was  t r e a t e d   w i th   "  

s i l a n e   and  a  p o l y m e r   f i l m   c o m p r i s e d   of  r e s i n   d e r i v e d  

f rom  T E - 5 4 8 9   ( s i l i c o n e - f r e e )   was  p r e s s   l a m i n a t e d   t o  

i t ,   in  a c c o r d a n c e   w i t h   t h e   m e t h o d   of  Example   25B.  

The  r e s u l t   was  s h e e t   s t e e l   w i t h   a  s o f t ,   c o m p r e s s i b l e ,  

r e s i l i e n t   c o a t i n g ;   f i r m l y   b o n d e d   and  when  gouged  w i t h  

a  k n i f e   s h o w i n g   no  t e n d e n c y   t o w a r d   d e l a m i n a t i o n .  

EXAMPLE  27 

A  p i e c e   of  1 /8   i n c h   window  g l a s s   was  washed  w i t h  

s o a p   and  w a t e r ,   w a s h e d   w i t h   r e a g e n t   g r a d e   a c e t o n e ,  

i m m e r s e d   in  6  n o r m a l   s o d i u m   h y d r o x i d e   s o l u t i o n   f o r  

s e v e r a l   m i n u t e s ,   w a s h e d   w i t h   d i s t i l l e d   w a t e r ,   a n d  

a l l o w e d   to  a i r   d r y .   The  s u r f a c e   was  s i l a n e   t r e a t e d  

and  a  f i l m   of  s i l i c o n e - f r e e   T E - 5 4 8 9   was  p r e s s   l a m i n a t e d  

t o   t he   g l a s s   s u b s t r a t e ,   e s s e n t i a l l y   in  a c c o r d a n c e  

w i t h   t h e   m e t h o d   of  E x a m p l e s   25B  and  26,  but   u s i n g  



v e r y   low  p r e s s u r e ,   l e s s   t han   50  p s i   on  s p e c i m e n ,   a n d  

b e g i n n i n g   w i t h   t he   p l a t e n s   at   room  t e m p e r a t u r e ,   r a i s -  

ing  them  to  550°F  over   a  p e r i o d   of  a p p r o x i m a t e l y   o n e  

h a l f   h o u r ,   and  a l l o w i n g   them  to  a i r   c o o l   to  room  t e m -  

p e r a t u r e   o v e r  a   p e r i o d   of  s e v e r a l   h o u r s ,   t h u s   a v o i d i n g  

t h e r m a l   shock   which   migh t   have  b r o k e n   the   g l a s s .   T h e  

T E - 5 4 8 9   p r o d u c e d   a  r e s i l i e n t ,   . 005   i nch   c o a t i n g   w h i c h  

d id   not   d e l a m i n a t e   in  b o i l i n g   w a t e r   a f t e r   24  h r s :  

e x p o s u r e .  

EXAMPLE  28A 

A  t h i n   e x t r u d e d   c o a t i n g   of  PTFE  was  a p p l i e d   b y  

p a s t e   e x t r u s i o n   to  ECG  37  1/3  f i b e r g l a s s   y a r n .   The  

j a c k e t e d   y a r n   t h u s   p r o d u c e d   was  woven  i n t o   an  a p p r o x -  

i m a t e l y   14  x  15  c o u n t   p l a i n   woven  f a b r i c   w e i g h i n g  

a p p r o x i m a t e l y   35  o z . / y d 2   ( a b o u t   60%  of  w h i c h   is  r e p r e -  
s e n t e d   PTFE).   O v e r c o a t   l a y e r s   were   a p p l i e d   as  f o l l o w s :  

C a s t   f i l m s   of  FMK-4-10-B  were  l a m i n a t e d   to   b o t h   s i d e s  

of  t h i s   s u b s t r a t e   in  a  p l a t e n   p r e s s   a t   a  p r e s s u r e   o f  

a p p r o x i m a t e l y   280  p s i .   P l a t e n   t e m p e r a t u r e s   of  7 0 0 ° F .  

were   m a i n t a i n e d   fo r   5  m i n u t e s ,   f o l l o w e d   by  c o o l i n g   t o  

a p p r o x i m a t e l y   1 5 0 ° F .   over   a  p e r i o d   of  a b o u t   15  m i n u t e s ,  

a l s o   u n d e r   p r e s s u r e .   The  r e s u l t i n g   p r o d u c t   w e i g h e d  

41  o z . / y d . 2 ,   had  e x c e l l e n t   p h y s i c a l   i n t e g r i t y ,   a n d  

was  e x c e p t i o n a l l y   f l e x i b l e .  

EXAMPLE  28B 

A  c a s t   f i l m   of  a  60 /40   w e i g h t  %   b l e n d   of  T E - 3 3 1 3  

and  f l u o r o e l a s t o m e r   ( d e r i v e d   from  L - 9 0 2 5 )   l a t e x  

( o b t a i n e d   from  3M)  was  l a m i n a t e d   to   the   s u b s t r a t e   o f  

E x a m p l e   28A.  The  r e s u l t i n g   p r o d u c t   had  a  f l e x i b i l i t y  

and  i n t e g r i t y   c o m p a r a b l e   to  E x a m p l e   2 8 A .  

EXAMPLE  28C 

.  The  woven  s u b s t r a t e   of  E x a m p l e   28A  was  g i v e n  

8  s e m i - f u s e   p a s s e s   t h r o u g h   FMK-4-10 -B   f o l l o w e d   by  a  



f i n a l   d r y   f u s e   p a s s .   T h i s   r e s u l t e d   in  a  m a t e r i a l  

. 044   i n .   t h i c k   and  w e i g h i n g   5 2 . 4   o z . / y d 2 .   The  p r o d u c t  
had  e x c e l l e n t   i n t e g r i t y   and  was  s o m e w h a t   more  f l e x i b l e  

t h a n   E x a m p l e   2A,  even  t h o u g h   i t   was  20  p e r c e n t   h e a v i e r  

and  a p p r o x i m a t e l y   30  p e r c e n t   t h i c k e r .   The  m a t e r i a l  

was  s u b j e c t e d   to  p h y s i c a l   t e s t i n g   w i t h   the  f o l l o w i n g  

r e s u l t s :   - 

T r a p a z o i d a l   T e a r   S t r e n g t h ,   Warp  D i r e c t i o n   260  l b s .  

E l o n g a t i o n   a t   40  l b s . / i n .   l o a d ,   Warp  D i r e c t i o n   4 . 5 %  

EXAMPLE  29  

A  s u b s t r a t e   of  S t y l e   15227   g l a s s   c l o t h   was  h e a t  

c l e a n e d   and  i m p r e g n a t e d   w i t h   ET  4327  m e t h y l   p h e n y l  

s i l i c o n e   e m u l s i o n .   An  i n i t i a l   l a y e r   of  p e r f l u o r o -  

e l a s t o m e r   was  a p p l i e d   in  a  s i n g l e   f u s e   d i p   o p e r a t i o n  

t h r o u g h   D u P o n t ' s   T E - 5 5 0 6   e x p e r i m e n t a l   low  c r y s t a l l i n i t y  

p e r f l u o r i n a t e d   p o l y m e r   in  a q u e o u s   d i s p e r s i o n   h a v i n g  

s p e c i f i c   g r a v i t y   of  1 . 3 9 .  

A  b l e n d   c o n t a i n i n g   104  p a r t s   by  w e i g h t   of  T E -  

3313  ( 5 7 . 7   p e r c e n t   PTFE  s o l i d s )   and  154  p a r t s   b y  

w e i g h t   of  KALREZ  l a t e x   (26  p e r c e n t   p e r f l u o r o e l a s t o m e r  

s o l i d s )   was  p r e p a r e d .   The  m i x t u r e   was  e v a p o r a t e d   t o  

d r y n e s s   in   an  a i r   c i r c u l a t i n g   oven  o p e r a t i n g   a t   9 0 ° C  

and  t h e   r e s u l t i n g   c a k e   was  c h o p p e d   and  washed   s e v e r a l  

t i m e s   in  h o t   w a t e r   in  a  W a r i n g   b l e n d e r   and  a g a i n   d r i e d  

a t   90°C  to  y i e l d   a  c o a r s e ,   f l a k e d   c r u m b .   U s i n g   t h e  

t e c h n i q u e   e m p l o y e d   in  m a k i n g   E x a m p l e   17E,  the   c r u m b  

was  p r e s s e d   i n t o   a  f i l m   and  t h e   f i l m   was  l a m i n a t e d   t o  

t h e   s u b s t r a t e .   The  s u b s t r a t e   w e i g h e d   2 4 . 7   o z . / y d . 2 .  

The  f i l m   and  the   l a m i n a t e   were   b o t h   p r e s s e d   u n d e r  

t h e   f o l l o w i n g   c o n d i t i o n s :   p l a t e n   t e m p e r a t u r e ,   5 5 0 ° F . ;  

f o r c e   on  p l a t e n s ,   20  t o n s   ( a p p r o x i m a t e l y   560  p s i   o n  

f i l m ,   1100  p s i   on  l a m i n a t e ) ;   t i m e   a t   t e m p e r a t u r e ,   3  m i n .  

The  r e s u l t i n g   f l e x i b l e   p r o d u c t   was  a p p r o x i m a t e l y  
. 0 4 0   i n .   t h i c k ,   and  e x h i b i t e d   good  p h y s i c a l   i n t e g r i t y ,  

w i t h   a  r e s i l i e n t ,   w e l l - a d h e r e d ,   and  t o u g h   c o a t i n g .  



EXAMPLE  30 

A  f i l m   was  p r e p a r e d   from  TE  5489  d e r i v e d   s o l i d s  

t r e a t e d   to  remove  s i l i c o n e   o i l   as  d e s c r i b e d   in  E x a m p l e  

17E.  10  grams  of  t o l u e n e - w a s h e d   crumb  were  p r e s s e d  

in  a  p l a t e n   p r e s s   b e t w e e n   p i e c e s   of  a l u m i n u n   f o i l  

t r e a t e d   wi th   a  s i l i c o n e   mold  r e l e a s e .   The  p l a t e n s  

were  o p e r a t e d   at   325°F  unde r   a  f o r c e   of  1  ton   f o r  

one  m i n u t e .   T h e r e a f t e r ,   the   m a t e r i a l   was  c o o l e d   u n d e r  

p r e s s u r e .  
The  r e s u l t i n g   f i l m   was  p l a c e d   on  a  p i e c e   of  1 0 0  

p e r c e n t   p o l y e s t e r   k n i t   f a b r i c ,   S t y l e   5162 ,   w h i t e ,  

1980  ( m a n u f a c t u r e d   by  A r m t e x ,   I n c . ,   P i l o t   M o u n t a i n ,  

N o r t h   C a r o l i n a )   and  p r e s s e d   e s s e n t i a l l y   as  d e s c r i b e d  

in  Example   17K,  but   w i t h   a  p l a t e n   t e m p e r a t u r e   of  3 2 5 ° F  

and  10  t o n s   of  f o r c e . o n   the   p l a t e n s   fo r   one  m i n u t e .  

A  d u r a b l e ,   f l e x i b l e   c o m p o s i t e   h a v i n g   a  t h i c k n e s s  

of  a p p r o x i m a t e l y   .015  i n .   r e s u l t e d .   The  k n i t   r e i n -  

f o r c e m e n t   was  t h o r o u g h l y   e n c a p s u l a t e d   by  the   p e r f l u o r o -  

e l a s t o m e r   m a t r i x .  

EXAMPLE  31 

E m p l o y i n g   m e t h o d s   d e s c r i b e d   in  Example   30,  5  g r a m s  
of  TE  5489  s o l i d s   were  p r e s s e d   i n t o   a  f i l m   and  l a m i n a t e d  

to  one  s i d e   of  a  p i e c e   of  TYVEK  s p u n - b o n d e d   p o l y o l e f i n ,  

S t y l e   1056D  ( m a n u f a c t u r e d   by  D u P o n t ) .   P l a t e n   t e m p e r a -  

t u r e s   of  240°F  were  e m p l o y e d   to  l a m i n a t e   t he   m a t e r i a l  

and  the   work  was  p r e s s e d   for   2  m i n u t e s   w i t h   a p p r o x i -  

m a t e l y   1  ton  of  f o r c e   on  the   p l a t e n s .   A f t e r  a   1  m i n u t e  

d w e l l   at   t e m p e r a t u r e   and  p r e s s u r e ,   the  m a t e r i a l   w a s  

c o o l e d   under   p r e s s u r e   to  a b o u t   room  t e m p e r a t u r e .   T h e  

r e s u l t i n g   l a m i n a t e   c o n t a i n i n g   p e r f l u o r o p o l y m e r   on  o n e  

f a c e   ( a p p r o x i m a t e l y   .009  in .   t h i c k )   was  f l e x i b l e   a n d  

t o u g h .  

EXAMPLES  32  A&B 

E m p l o y i n g   m e t h o d s   s i m i l a r   to  t h o s e   d e s c r i b e d   i n  

Example   31,  l a m i n a t e s   of  TE-5489  f l u o r o e l a s t o m e r   o n  



two  s t y l e s   of  REEMAY  s p u n - b o n d e d   p o l y e s t e r   ( m a n u f a c -  

t u r e d   by  D u P o n t )   were   p r e p a r e d .   Example   32A  i n c l u d e d  

DuPon t   S t y l e   2431  r e i n f o r c e m e n t   and  Example   32B  c o n -  

t a i n e d   D u P o n t   S t y l e   2024  r e i n f o r c e m e n t .   In  b o t h  

e x a m p l e s ,   p r e s s i n g   c o n d i t i o n s   were  as  f o l l o w s :   p l a t e n  

t e m p e r a t u r e ,   3 3 5 ° F . ;   f o r c e   on  p l a t e n ,   2  t o n s ;   t i m e   a t  

t e m p e r a t u r e ,   2  m i n u t e s ;   and  c o o l i n g   u n d e r   p r e s s u r e .  
C o m p o s i t e s   so  p r o d u c e d   c o n t a i n e d   p e r f l u o r o p o l y m e r   o n  

one  f a c e   and  p o l y m e r   on  t h e   o t h e r .   M o r e o v e r ,   t h e  

c o m p o s i t e s   were   f l e x i b l e   and  t o u g h .  

EXAMPLE  33 

E x a m p l e   33  was  p r e p a r e d   by  u s i n g   the   m a t e r i a l s  

and  t e c h n i q u e s   e m p l o y e d   in  m a k i n g   Example   30,  b u t  

w i t h   r e d u c e d   l a m i n a t i n g   p r e s s u r e   to  o b t a i n   a  c o m p o s i t e  

w i t h   p e r f l u o r o p o l y m e r   on  one  f a c e   of  the   Armtex  S t y l e  

No.  5162  p o l y e s t e r   k n i t .   P r e s s i n g   c o n d i t i o n s   w e r e :  

p l a t e n   t e m p e r a t u r e ,   3 3 5 ° F . ;   f o r c e   on  p l a t e n ,   1-2  t o n s ;  

t ime   a t   t e m p e r a t u r e ,   1  m i n u t e ;   and  c o o l i n g   under   p r e s -  

s u r e .  

The  r e s u l t i n g   l a m i n a t e d   c o m p o s i t e   a t   .012  i n c h e s  

of  t h i c k n e s s   was  n o t i c e a b l y   more  f l e x i b l e   and  c o n f o r m -  

a b l e   t h a n   t h a t   of  E x a m p l e   30.  The  p o l y m e r   m a t r i x   w a s  

f i r m l y   b o n d e d   to  t he   r e i n f o r c e m e n t ,   s h o w i n g   no  t e n d e n c y  

t o w a r d   d e l a m i n a t i o n .  

EXAMPLE  34  

E m p l o y i n g   the   t e c h n i q u e s   used   in  m a k i n g   E x a m p l e  

33,  a  s i n g l e   f a c e d   l a m i n a t e   e m p l o y i n g   r e s i n   d e r i v e d  

from  T E - 5 4 8 9   was  p r o d u c e d   on  a  50 /50   p o l y e s t e r / c o t t o n  

i n t e r l o c k   f a b r i c ,   1 . 8 5   y i e l d   at   60  i nch   w i d t h   ( S t y l e  

No.  443833   p r o d u c e d   by  B u r l i n g t o n   I n d u s t r i e s ,   New 

York ,   New  Y o r k ) .  

The  r e s u l t i n g   p r o d u c t   was  a  d u r a b l e ,   f l e x i b l e  

, a n d   c o n f o r m a b l e   l a m i n a t e .   The  p e r f l u o r o p o l y m e r   w a s  

f i r m l y   a n c h o r e d   to  one  s i d e .   The  u n l a m i n a t e d   s i d e   o f  

the   c o m p o s i t e   m a i n t a i n e d   i t s   s o f t   t e x t i l e   q u a l i t y .  



EXAMPLES  35  A&B 

E x a m p l e s   35  A&B  were  made  u s i n g   m e t h o d s   e s s e n -  
t i a l l y   s i m i l a r   to  t h o s e   used   in  m a k i n g   E x a m p l e s   2A 

and  2B  w i t h   the   e x c e p t i o n   t h a t   D u p o n t   VTR-5307  l a t e x  

in  the   P T F E / f l u o r o e l a s t o m e r   l a t e x   b l e n d   was  r e p l a c e d  

w i t h   AFLAS  T F E / p r o p y l e n e   c o p o l y m e r   l a t e x   was  o b t a i n e d  

from  Xenox,   I n c . ,   H o u s t o n ,   T e x a s .   The  b l e n d   was  m a d e  

by  m i x i n g   104  pbw  of  D u p o n t   T E - 3 3 1 3   w i t h   129  pbw  o f  

t he   AFLAS  l a t e x ,   t h e r e b y   m a i n t a i n i n g   the   6 0 / 4 0   p r o p o r -  

t i o n   of  PTFE  to  f l u o r o e l a s t o m e r .   The  c o m p o s i t i o n   o f  

E x a m p l e s   35  A&B  is  shown  b e l o w :  



The  p h y s i c a l   p r o p e r t i e s   of  E x a m p l e s   35  A&B  are   as  f o l l o w s :  

EXAMPLES  3 6 A - C  

E x a m p l e   36A  was  p r e p a r e d   by  the   f o l l o w i n g  

p r o c e d u r e :   ECB150  4 /3   f i b e r g l a s s   y a r n   was  t r e a t e d  

w i t h   s i l i c o n e   o i l   and  i m p r e g n a t e d   w i t h   TE-5506   l o w  

c r y s t a l l i n i t y   p e r f l u o r o p o l y m e r   (DuPon t )   in  a  s i n g l e  

a p p l i c a t i o n   u s i n g   a  m i x t u r e   of  T E - 5 5 0 6   and  E T - 4 3 2 7  

e m u l s i o n   (Dow  C o r n i n g ) ,   f o l l o w e d   by  d r y i n g   and  f u s i n g .  

The  b a t h   was  p r e p a r e d   by  m i x i n g   199  pbw  of  T E - 5 5 0 6  

(50.3%  s o l i d s )   w i t h   23  pbw  of  E T - 4 3 2 7   (35%  s o l i d s )  

and  was  d i l u t e d   w i t h   w a t e r   to  a  s p e c i f i c   g r a v i t y   o f  

1 . 2 2 5 .   The  p r o p o r t i o n   of  p e r f l u o r o p o l y m e r   to  s i l i c o n e  

p o l y m e r   in  t h e   b a t h   was  1 2 . 5   to   1,  by  w e i g h t .  

The  i m p r e g n a t e d   y a r n   p r e p a r e d   a c c o r d i n g   to  E x a m p l e  

36A  was  woven  i n t o   a  14  x  14  c o u n t   f a b r i c   w e i g h i n g  

a p p r o x i m a t e l y   20  o z / y d 2 .   The  woven  f a b r i c   was  t h e n  

baked   a t   a p p r o x i m a t e l y   550°F   f o r   1  m i n u t e   and  used   i n  

p r e p a r i n g   E x a m p l e s   36B  and  36C  as  f o l l o w s .   E x a m -  

p l e   36B  was  p r e p a r e d   by  a p p l y i n g   to  the  f a b r i c   o f  



Example   36A  an  i n t e r m e d i a t e   c o a t i n g   of  P T F E / f l u o r o -  

e l a s t o m e r   b l e n d ,   w e i g h i n g   a p p r o x i m a t e l y   13  o z / y d 2 ,   i n  

4  s e m i f u s e d   p a s s e s   t h r o u q h   FMK  4 - 1 0 - B .   The  c o a t i n g  

was  f u s e d   by  b a k i n g   for   1  m i n u t e   at  a p p r o x i m a t e l y  

700°F  and  an  o v e r c o a t   of  PTFE  was  a p p l i e d   from  T E - 3 3 1 3  

(DuPont )   d i l u t e d   to  a  s p e c i f i c   g r a v i t y   of  1 . 3 0 .   T h e  

f i n a l   w e i g h t   of  the   e x a m p l e   was  34  o z / y d 2 .  

Example   36C  was  p r e p a r e d   by  a p p l y i n g   to  t h e  

f a b r i c   of  Example   36A  an  i n t e r m e d i a t e   c o a t i n g   of  PTFE 

in  6  s e m i f u s e   d i p   p a s s e s   t h r o u g h   TE-3313  at   1 . 4 8 5  

s p e c i f i c   g r a v i t y   f o l l o w e d   by  c a l e n d e r i n g ,   dry  f u s i n g ,  

and  a  f i n a l   f u s e   d i p   t h r o u g h   T E - 3 3 1 3   a t   1 .30  s p e c i f i c  

g r a v i t y .   No  o v e r c o a t   l a y e r   was  a p p l i e d .  

E x a m p l e s   36B-C  were  s u b j e c t e d   to  p h y s i c a l   t e s t i n g  

and  the  f o l l o w i n g   r e s u l t s   were  o b t a i n e d :  

Whi l e   r e p r e s e n t a t i v e   a p p l i c a t i o n s   and  e m b o d i m e n t s  

of  t he   i n v e n t i o n   have  been  d e s c r i b e d ,   t h o s e   s k i l l e d  

in  the   a r t   w i l l   r e c o g n i z e   t h a t   many  v a r i a t i o n s   a n d  

m o d i f i c a t i o n s   of  such  e m b o d i m e n t s   may  be  made  w i t h o u t  

. d e p a r t i n g   from  the   s p i r i t   of  the   i n v e n t i o n ,   and  i t   i s  

i n t e n d e d   to  c l a i m   a l l   such  v a r i a t i o n s   and  m o d i f i c a -  

t i o n s   as  f a l l   w i t h i n   the  t r u e   s c o p e   of  the  i n v e n t i o n .  



1.  A  c o m p o s i t e   w h i c h   c o m p r i s e s   a  s u b s t r a t e   c o a t e d  

w i t h   a  m a t r i x   c o m p r i s i n g :  

A)  an  i n i t i a l   l a y e r   of  a  p e r f l u o r o p o l y m e r  
s e l e c t e d   from  t h e   g r o u p   c o m p r i s i n g   a  

p e r f l u o r o p l a s t i c ,   a  p e r f l u o r o e l a s t o m e r ,  

a  b l e n d   of  p e r f l u o r o p l a s t i c   and  p e r -  
f l u o r o e l a s t o m e r ,   or  any  c o m b i n a t i o n  

t h e r e o f ;   a n d  

B)  an  o v e r c o a t   l a y e r   of   a  f l u o r o e l a s t o m e r ,   a  

f l u o r o p l a s t i c ,   a  f l u o r o e l a s t o m e r / f l u o r o -  

p l a s t i c   b l e n d ,   or  any  c o m b i n a t i o n   t h e r e o f .  

2.  A  c o m p o s i t e   a c c o r d i n g   to  c l a i m   1  w h e r e i n   t h e  

i n i t i a l   l a y e r   c o m p r i s e s   a  p e r f l u o r o p o l y m e r   and  a  

l u b r i c a t i n g  a g e n t .  

3.  A  c o m p o s i t e   a c c o r d i n g   to  c l a i m   1  w h e r e i n   t h e  

s u b s t r a t e   is   t r e a t e d   w i t h   a  c o u p l i n g   a g e n t   t o  

p r o m o t e   b o n d i n g .  

4.  A  c o m p o s i t e   a c c o r d i n g   to  c l a i m   1  w h e r e i n   s a i d  

o v e r c o a t   l a y e r   c o m p r i s e s   a  b l e n d   of  a  f l u o r o -  

e l a s t o m e r   and  a  f l u o r o p l a s t i c ,   w h e r e i n   the  f l u o r o -  

e l a s t o m e r   c o m p r i s e s   f rom  a b o u t   10%  to  a b o u t   90% 

by  w e i g h t   of  t he   b l e n d .  

5.  A  c o m p o s i t e   a c c o r d i n g   to  c l a i m   4  w h e r e i n   s a i d  

f l u o r o e l a s t o m e r   c o m p r i s e s   f rom  25%  to  60%  b y  

w e i g h t   of  s a i d   b l e n d .  

6.  A  c o m p o s i t e   a c c o r d i n g   to  c l a i m   4  w h e r e i n   a n  

i n t e r m e d i a t e   l a y e r   c o m p r i s i n g   a  f l u o r o e l a s t o m e r  

is  i n t e r p o s e d   b e t w e e n   s a i d   i n i t i a l   l a y e r   a n d  

s a i d   o v e r c o a t   l a y e r .  



7.  A  c o m p o s i t e   a c c o r d i n g   to  c l a i m   1  h a v i n g   a  t o p c o a t  

s e l e c t e d   from  the   g r o u p   c o m p r i s i n g . a   f l u o r o p l a s t i c ,  

a  f l u o r o e l a s t o m e r ,   a  f l u o r o p l a s t i c / f l u o r o e l a s t o m e r  

b l e n d   or  a  c o m b i n a t i o n   t h e r e o f .  

8.  A  c o m p o s i t e   a c c o r d i n g   to  c l a i m   1  w h e r e i n   r e s i n s  

.  in  s a i d   l a y e r s   a r e   a t   l e a s t   p a r t i a l l y   c r o s s -  

l i n k e d .  

9.  A  c o m p o s i t e   a c c o r d i n g   to  c l a i m   1  w h e r e i n   o n l y  

one  f a c e   of  s a i d   s u b s t r a t e   is  c o a t e d   w i t h   a  m a t r i x .  

10.  A  c o m p o s i t e   a c c o r d i n g   to  c l a i m   1  w h e r e i n   s a i d  

s u b s t r a t e   is  r e i n f o r c e m e n t   m a t e r i a l   c a p a b l e   o f  

w i t h s t a n d i n g   c o m p o s i t e   f o r m a t i o n   t e m p e r a t u r e s .  

l l .   A  c o m p o s i t e   a c c o r d i n g   to  c l a i m   10  w h e r e i n   s a i d  

s u b s t r a t e   is  a  y a r n ,   f i l a m e n t ,   m o n o f i l a m e n t ,   o r  .  

o t h e r   f i b r o u s   m a t e r i a l .  

12.  A  c o m p o s i t e   a c c o r d i n g   to  c l a i m   10  w h e r e i n   s a i d  

s u b s t r a t e   is  a  t e x t i l e   s e l e c t e d   from  the   g r o u p  

c o m p r i s i n g   woven  and  non -woven   m a t e r i a l s .  

13.   A  c o m p o s i t e   a c c o r d i n g   to  c l a i m s   1  or  12  w h e r e i n  

s a i d   s u b s t r a t e   is  s e l e c t e d   from  the  g r o u p   c o m -  

p r i s i n g   g l a s s ,   f i b e r g l a s s ,   c e r a m i c s ,   g r a p h i t e  

( c a r b o n ) ,   p o l y b e n z i m i d a z o l e ,   p o l y a r a m i d e s ,   PTFE 

m e t a l ,   p o l y o l e f i n s ,   p o l y e s t e r s ,   p o l y a m i d e s ,  

c o p o l y m e r s   of  TFE,  p o l y e t h e r   s u l f o n e s ,   p o l y i m i d e s  

p o l y e t h e r   k e t o n e s ,   p o l y e t h e n i m i d e s ,   n o v o l o i d  

p h e n o l i c   f i b e r s ,   n a t u r a l   and  s y n t h e t i c   t e x t i l e s .  

14.  A  c o m p o s i t e   a c c o r d i n g   to  c l a i m s   1  or  7  w h e r e i n  

s a i d   f l u o r o p l a s t i c   c o m p r i s e s   PTFE,  PFA  or  F E P .  



15.  A  c o m p o s i t e   a c c o r d i n g   to  c l a i m s   1  or  7  w h e r e i n  

s a i d   f l u o r o e l a s t o m e r   is  s e l e c t e d   f rom  the   g r o u p  
c o m p r i s i n g   c o p o l y m e r s   of  v i n y l i d e n e   f l u o r i d e   a n d  

a t   l e a s t   one  o t h e r   f l u o r i n a t e d   monomer  s e l e c t e d  

f rom  t he   g r o u p   c o m p r i s i n g   h e x a f l u o r o p r o p y l e n e ;  

t e t r a f l u o r o e t h y l e n e ;   c h l o r o t r i f l u o r o e t h y l e n e ;  

and  p e n t a f l u o r o p r o p y l e n e .   - 

16.   A  c o m p o s i t e   a c c o r d i n g   to  c l a i m   1  w h e r e i n   s a i d  

p e r f l u o r o p l a s t i c   c o m p r i s e s   PTFE,  PFA  or  F E P .  

17.  A  c o m p o s i t e   a c c o r d i n g   to  c l a i m   1  w h e r e i n   s a i d  

p e r f l u o r o e l a s t o m e r   c o m p r i s e s   a  c o p o l y m e r   of  TFE 

and  p e r f l u o r o v i n y l e t h e r   such   as  PMVE  or  PPVE. 

18.  A  c o m p o s i t e   a c c o r d i n g   to  c l a i m   1  w h e r e i n   a n y  
f l u o r o p o l y m e r   c o m p o n e n t   may  c o n t a i n   a  f u n c t i o n a l  

g r o u p   s e l e c t e d   f rom  t h e   g r o u p   c o m p r i s i n g   c a r b o x y l  

and  s u l f o n i c   a c i d   and  s a l t s   t h e r e o f ,   h a l o g e n ,  

a n d  a   r e a c t i v e   h y d r o g e n   on  an  a l k y l   s i d e   c h a i n .  

19.   A  c o m p o s i t e   w h i c h   c o m p r i s e s   a  s u b s t r a t e   c o a t e d  

w i t h   a  l a y e r   c o m p r i s i n g   a  p e r f l u o r o e l a s t o m e r   o r  

a  p e r f l u o r o e l a s t o m e r / p e r f l u o r o p l a s t i c   b l e n d .  

20.   A  c o m p o s i t e   w h i c h   c o m p r i s e s   a  s u b s t r a t e   which  i s  

i n s u s c e p t i b l e   to  t he   c o r r o s i v e   e f f e c t s   of  h y d r o g e n  

f l u o r i d e   and  w h i c h   is   c o a t e d   w i t h   a  m a t r i x   c o m -  

p r i s i n g   a  f l u o r o e l a s t o m e r / p e r f l u o r o p l a s t i c   b l e n d .  



21.  A  m e t h o d   for   the   m a n u f a c t u r e   of  a  c o m p o s i t e  

i n c l u d i n g   a  s u b s t r a t e   c o a t e d   w i t h   a  m a t r i x ,  
w h e r e i n   the   s a i d   m a t r i x   is  f o rmed   by  a  g r a d a t i o n  

of  f l u o r o p o l y m e r   l a y e r s ,   which   c o m p r i s e s   t h e  

s t e p s   o f :  

i)  f i r s t   a p p l y i n g   an  i n i t i a l   l a y e r   c o m p r i s -  

ing  a  p e r f l u o r o p o l y m e r   in  an  a m o u n t  

s u f f i c i e n t   to  s u b s t a n t i a l l y   s h i e l d   t h e  

s u b s t r a t e   from  c h e m i c a l   c o r r o s i o n   w i t h o u t  

i m p a i r i n g   f l e x i b i l i t y ;  

i i )   t h e r e a f t e r   a p p l y i n g   to  s a i d   i n i t i a l  

l a y e r   an  o v e r c o a t   l a y e r   c o m p r i s i n g   a  

f l u o r o e l a s t o m e r ,   a  f l u o r o p l a s t i c ,   a  

f l u o r o e l a s t o m e r / f l u o r o p l a s t i c   b l e n d ,   o r  
 ̀ a  c o m b i n a t i o n   t h e r e o f .  

22.  A  me thod   a c c o r d i n g   to  c l a i m   21  w h e r e i n   s a i d  

i n i t i a l   l a y e r   c o m p r i s e s   a  p e r f l u o r o p o l y m e r ,   a  

l u b r i c a t i n g   a g e n t ,   and  a  c o u p l i n g   a g e n t .  

23.  A  me thod   a c c o r d i n g   to  c l a i m   21  w h e r e i n   the   o u t e r -  

most   l a y e r   is  a p p l i e d   as  a  f o a m .  
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