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j54)  Insulation  system  for  wire  and  cable. 

An  insulated  electrical  conductor  is  provided  that  ex- 
hibits  excellent  physical,  electrical  and  chemical  protection 
for  wire  and  cable  and  is  particularly  suitable  for  use  in 
aircraft  applications.  The  electrical  conductor  is  insulated 
with  (A)  a  film  selected  from  ethylene  tetrafluoroethylene 
copolymer  film  and  tetrafluoroethylene  coated  polyimide 
film  and  (B)  a  topcoat  insulation  system  comprising  (a)  a  first 
layer  of  modified  polyimide,  (b)  a  second  layer  of  polyvinyl- 
idene  fluoride.  and  (c)  a  third  layer  of  cross-linked  acrylic 
polymer. 



T h i s   i n v e n t i o n   r e l a t e s   to  an  i n s u l a t i o n   s y s t e m   for   w i r e  

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

t r i c a l   c o n d u c t o r s   h a v i n g   p r o p e r t i e s   s u i t a b l e   fo r   use  in  a i r -  

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

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

t r i c a l   c o n d u c t o r   i n s u l a t e d   w i t h   (A)  a  f i l m   s e l e c t e d   f r o m  

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

(B)  a  t o p c o a t   i n s u l a t i o n   s y s t e m   c o m p r i s i n g   (a)  a  f i r s t   l a y e r  

c o n s i s t i n g   e s s e n t i a l l y   of  m o d i f i e d   p o l y i m i d e ,   (b)  a  s e c o n d  

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

(c)  a  t h i r d   l a y e r   c o n s i s t i n g   e s s e n t i a l l y   of  c r o s s - l i n k e d  

a c r y l i c   p o l y m e r .  

U .S .   p a t e n t   3 , 1 6 8 , 4 1 7 ,   R.  E.  Smi th   and  John   M.  G a r d n e r ,  

i n v e n t o r s ,   d e s c r i b e s   an  i m p r o v e d   i n s u l a t i o n   s y s t e m   fo r   e l e c -  

t r i c a l   c o n d u c t o r s   in  which   the   e l e c t r i c a l   c o n d u c t o r s   a r e  

c o a t e d   w i t h   a  f l u o r o c a r b o n   p o l y m e r   which   in  t u r n   is  i n s u l a t e d  

w i t h   a  p o l y i m i d e   c o n t a i n i n g   the   i m i d e   l i n k a g e   as  p a r t   of  a  5 -  

or  6 - m e m b e r e d   h e t e r o c y c l i c   r i n g .  

U .S .   p a t e n t   3 , 4 0 8 , 4 5 3 ,   C h a r l e s   F.  S h e l t o n ,   J r . ,   i n v e n t o r ,  

d e s c r i b e s   an  i n s u l a t e d   c o n d u c t o r   s u i t a b l e   for   use  at   h i g h   t e m -  

p e r a t u r e s   w i t h o u t   b r e a k d o w n .   The  e l e c t r i c a l   c o n d u c t o r   of  U . S .  

p a t e n t   3 , 4 0 8 , 4 5 3   has  a  m e t a l l i c   c o n d u c t o r   c o v e r e d   by  a  l a y e r  

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

c o v e r e d   w i t h   a  h e a t - s e a l a b l e   f l u o r i n a t e d   r e s i n   l a y e r   which   d o e s  

no t   c o n t a c t   the   c o n d u c t o r .   The  h e a t - s e a l a b l e   l a y e r   is  s e a l e d  

to  a  h e a t   and  o x i d a t i o n   r e s i s t a n t   p r e s h r u n k   p o l y i m i d e   f i l m  

c o a t e d   on  b o t h   s i d e s   by  a  f i r s t   l a y e r   cf  p o l y t e t r a f l u o r o e t h y l -  

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

U.S.   p a t e n t   3 , 4 2 2 , 2 1 5 ,   Ka r l   R.  Humes,  i n v e n t o r ,   d e s c r i b e s  



an  e l e c t r i c a l   c a b l e   h a v i n g   f u s e d   i n s u l a t i o n   a p p l i e d   to  w i r e .  

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

f l u o r o e t h y l e n e   or  t r i f l u o r o m o n o c h l o r o e t h y l e n e   r e s i n   on  t h e  

w i r e ,   which  r e s i n   is  r e a d i l y   s t r i p p a b l e   from  the   w i r e ,   a  

s e c o n d   l a y e r   of  a  p o l y i m i d e   or  p o l y a m i d e i m i d e   r e s i n   on  t h e  

f i r s t   l a y e r ,   the   s e c o n d   l a y e r   h a v i n g   a t   l e a s t   one  s u r f a c e  

c o v e r e d   wi th   a  l a y e r   of  f l u o r i n a t e d   e t h y l e n e   p o l y m e r ,   a  t h i r d  

l a y e r   of  m a t e r i a l   s i m i l a r   to  the   f i r s t   l a y e r   and  a t   l e a s t   o n e  

of  the   f i r s t   and  t h i r d   l a y e r s   b e i n g   b o n d e d   to  t he   s e c o n d   l a y e r  

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

U.S.   p a t e n t   3 , 5 0 4 , 1 0 3 ,   P a u l   L.  A n d e r s o n   e t   a l ,   i n v e n t o r s ,  

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

b l y .   The  i n v e n t i o n   c o n s i s t s   in  p r o v i d i n g   an  i n s u l a t i o n   s y s t e m  

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

l e a s t   one  of  the   s h e e t s   h a v i n g   a  h i g h   d i e l e c t r i c   c o n s t a n t   a n d  

at   l e a s t   a n o t h e r   of  the   s h e e t s   b e i n g   c h a r a c t e r i z e d   by  g o o d  

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

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

a re   a d h e s i v e l y   b o n d e d   to  b o t h   s i d e s   of  a  f i l m   of  p o l y e t h y l e n e  

t e r e p h t h a l a t e   to  form  an  i n s u l a t i o n   l a m i n a t e ,   the   p o l y e t h y l e n e  

t e r e p h t h a l a t e   f o r m i n g   an  i n t e r l i n e r .   The  l a m i n a t e   is  t h e n  

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

U.S.   p a t e n t   3 , 6 1 6 , 1 7 7 ,   C a r l   Gumerman,   i n v e n t o r ,   d e s c r i b e s  

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

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

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

of  a  f l u o r o 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   and  a  l a y e r   o f  

p o l y t e t r a f l u o r o e t h y l e n e   (PTFE)  p o l y m e r i c   m a t e r i a l .  

U.S.  p a t e n t   3 , 6 7 6 , 5 6 6 ,   R i c h a r d   T.  M c B r i d e ,   i n v e n t o r ,   d e -  

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

t r i c a l   c o n d u c t o r s .   The  c o m p o s i t e   s t r u c t u r e   has  a d j a c e n t  

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

The  i n s u l a t e d   e l e c t r i c a l   c o n d u c t o r   of  t h i s   i n v e n t i o n   i s  

f u l l y   d e s c r i b e d   in  the  s p e c i f i c a t i o n   and  d r a w i n g s   w h i c h  

f o l l o w .   In  the  d r a w i n g s ,   FIGS.  1  and  2  a re   s i d e   v i e w s   i l l u s -  

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

of  t h i s   i n v e n t i o n .  



In  FIG.  1  an  e l e c t r i c a l   c o n d u c t o r   10  has  an  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   c o p o l y m e r   f i l m   12  s e a l e d   a b o u t   t h e  

e x t e r i o r   s u r f a c e   of  c o n d u c t o r   10.  The  f i r s t   l a y e r   14  of  t h e  

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

to  t he   s u r f a c e   of  f i l m   12.  The  s e c o n d   l a y e r   16  of  the   t o p c o a t  
i n s u l a t i o n   s y s t e m   is  p o l y v i n y l i d e n e   f l u o r i d e   wh ich   a d h e r e s   t o  

the   f i r s t   l a y e r   of  i n s u l a t i o n   14.  The  t h i r d   l a y e r - 1 8   of  t h e  

t o p c o a t   i n s u l a t i o n   s y s t e m   is   t h e r m o s e t t i n g   a c r y l i c   p o l y m e r  
w h i c h   c o a t s  t h e   s e c o n d   l a y e r   of  i n s u l a t i o n   1 6 .  

In  FIG.  2  an  e l e c t r i c a l   c o n d u c t o r   20  is  w r a p p e d   w i t h  

t e t r a f l u o r o e t h y l e n e   c o a t e d   p o l y i m i d e   f i l m   22  and  h e a t   s e a l e d  

a b o u t   the   e x t e r i o r   s u r f a c e   of  c o n d u c t o r   20.  The  f i r s t   l a y e r  

24  of  the   t o p c o a t   i n s u l a t i o n   s y s t e m   is  p o l y i m i d e   c o a t i n g   w h i c h  

a d h e r e s   to  the   s u r f a c e   of  f i l m   22.  The  s e c o n d   l a y e r   26  of  t h e  

t o p c o a t   i n s u l a t i o n   s y s t e m   is  p o l y v i n y l i d e n e   f l u o r i d e   which   a d -  

h e r e s   to  the   f i r s t   l a y e r   of  i n s u l a t i o n   24.  The  t h i r d   l a y e r   28 

of  t he   t o p c o a t   i n s u l a t i o n   s y s t e m   is  t h e r m o s e t t i n g   a c r y l i c  

p o l y m e r   which   a d h e r e s   to  t he   s e c o n d   l a y e r   of  i n s u l a t i o n   2 6 .  

The  e l e c t r i c a l   c o n d u c t o r s   which   can  be  e m p l o y e d   i n c l u d e  

any  of  the  w e l l   known  m e t a l l i c   c o n d u c t o r s   used   in  w i r e   a n d  

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

c o n d u c t o r s   a re   p r e f e r a b l y   t i n n e d   or  s i l v e r   or  n i c k e l   c o a t e d  

c o n d u c t o r s .  

The  f i l m   which   can  be  e m p l o y e d   to  i n i t i a l l y   c o v e r   t h e  

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

c o a t e d   p o l y i m i d e   f i l m   and  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  

c o p o l y m e r   f i l m .  

The  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   c o a t e d  

p o l y i m i d e   f i l m   which  can  be  e m p l o y e d   is  a v a i l a b l e   c o m m e r c i a l l y  

f rom  E.  I.  du  Pon t   de  Nemours   and  Company  ( I n c . ) ,   W i l m i n g t o n ,  

D e l a w a r e   19898 ,   and  is  s o l d   u n d e r   the   t r a d e   name  Kap ton   p o l y -  

i m i d e   f i l m  -   t ype   F.  T h i s   f i l m   is  h e a t   s e a l e d   a b o u t   the  e x -  

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

i t   has   been   w r a p p e d   w i t h   s a i d   f i l m .   I n f o r m a t i o n   c o n c e r n i n g  

h e a t   s e a l i n g   of  Kap ton   p o l y i m i d e   f i l m  -   Type  F  is  d i s c l o s e d  

in  DuPont   T e c h n i c a l   I n f o r m a t i o n   B u l l e t i n   H - 1 1 0 - 6 3 .   I n f o r m a -  

t i o n   on  p r o p e r t i e s   of  K a p t o n   p o l y i m i d e   f i l m  -   Type  F  i s  

c o n t a i n e d   in  DuPont   B u l l e t i n   F - 6 6 - l A ,   G e n e r a l   S p e c i f i c a t i o n .  



The  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   c o p o l y m e r   f i l m   w h i c h  

can  be  e m p l o y e d   to  i n i t i a l l y   c o v e r   the  e l e c t r i c a l   c o n d u c t o r  

is  a v a i l a b l e   c o m m e r c i a l l y   f rom  E.  I.   du  p o n t   de  Nemours  a n d  

Company  ( I n c . ) ,   W i l m i n g t o n ,   D e l a w a r e   1 9 8 9 8 ,   and  is  s o l d   u n d e r  

the   t r a d e   name  T e f z e l   ETFE  f l u o r o p o l y m e r .   T h i s   f l u o r o p o l y m e r  

is   a p p l i e d   to  the  s u r f a c e   of  e l e c t r i c a l   c o n d u c t o r s   by  m e l t  

e x t r u s i o n   t e c h n i q u e s .   The  T e f z e l   ETFE  f l u o r o p o l y m e r   c o a t e d  

c o n d u c t o r   is  r a d i a t i o n   c u r e d   by  e x p o s u r e   to  5-10  m e g a r a d s   o f  

e l e c t r o n   beam  r a d i a t i o n .   A  p a r t i c u l a r l y   s u i t a b l e   T e f z e l   ETFE 

f l u o r o p o l y m e r   for   use  in  c o a t i n g   the   e l e c t r i c a l   c o n d u c t o r   i s  

T e f z e l   280.  I n f o r m a t i o n   for   m e l t   e x t r u s i o n   of  T e f z e l   ETFE 

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

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

d i s c l o s e d   in  a  p u b l i c a t i o n   by  DuPont   e n t i t l e d   " T e f z e l " ,   PIB  1 2  

and  d a t e d   F e b r u a r y   1,  1970 .   The  t h i c k n e s s   of  the   f i l m   c o v e r -  :  

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

ing  upon  the  a p p l i c a t i o n   fo r   which   the  w i r e   is   b e i n g   i n s u l a t e d . '  

The  f i l m   c o v e r e d   c o n d u c t o r s   which   can  be  e m p l o y e d   w i t h  

t he   t o p c o a t   i n s u l a t i o n   s y s t e m   of  t h i s   i n v e n t i o n   a re   i n i t i a l l y  

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

t o p c o a t   i n s u l a t i o n .   S u r f a c e   e t c h i n g   is  a c c o m p l i s h e d   by  t r e a t -  

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

a g e n t   such  as  l i t h i u m   s o d i u m   or  a  s o l u t i o n   of  an  a l k a l i   m e t a l  

such   as  sod ium  or  p o t a s s i u m   m e t a l   in  l i q u i d   ammonia ,   e . g . ,   1% 

of  s o d i u m   or  10%  s o d i u m   in  l i q u i d   a m m o n i a ,   or  a  s o l u t i o n ,  

e . g . ,   a  5%  s o l u t i o n   of  s o d i u m   m e t a l   in  m o l t e n   n a p h t h a l e n e ,  

s o d i u m - n a p h t h a l e n e   d i s s o l v e d   in  t e t r a h y d r o f u r a n .   O the r   e t c h -  

ing  a g e n t s   t h a t   can  be  e m p l o y e d   i n c l u d e   a l k a l i n e  e a r t h   m e t a l s ,  

e . g . ,   c a l c i u m ,   or  m a g n e s i u m   or  z i n c ,   as  shown  in  U.S.   p a t e n t  

2 , 7 8 9 , 0 6 5 .   O t h e r   m a t e r i a l s   c a p a b l e   of  e t c h i n g   the  f i l m  

s u r f a c e   of  the   c o n d u c t o r   can  be  e m p l o y e d .   E t c h i n g   is  a c c o m -  

p l i s h e d   by  p a s s i n g   the   f i l m   c o v e r e d   w i r e   t h r o u g h   an  e t c h i n g  

b a t h   for   from  a  f r a c t i o n   of  a  s e c o n d   to  s e v e r a l   s e c o n d s .  

A f t e r   a p p l i c a t i o n   of  the   e t c h i n g   a g e n t   the   e t c h i n g   a g e n t   r e -  

m a i n i n g   on  the  s u r f a c e   of  the  f i l m   s h o u l d   be  n e u t r a l i z e d .  

N e u t r a l i z a t i o n   can  be  a c c o m p l i s h e d   by  p a s s i n g   the  e t c h e d   f i l m  

c o v e r e d   c o n d u c t o r   t h r o u g h   a  s o l u t i o n   of  a c e t i c   a c i d   or  o t h e r  

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



A l t e r n a t i v e l y ,   the   e t c h e d   f i l m   c o v e r e d   c o n d u c t o r   can  be  t h o r -  

o u g h l y   w a s h e d   w i t h   w a t e r   to  remove   the   e t c h i n g   a g e n t .  

The  p o l y i m i d e s   wh ich   form  the  f i r s t   l a y e r   of  the   t o p c o a t  

i n s u l a t i o n   s y s t e m   of  t h i s   i n v e n t i o n   have   (1)  an  a r o m a t i c   r i n g ,  

e . g . ,   a  b e n z e n e   or  a  n a p h t h a l e n e   r i n g   s y s t e m ,   and  (2)  t h e  

h e t e r o c y c l i c   l i n k a g e   c o m p r i s i n g   a  f i v e -   or  s i x - m e m b e r e d   r i n g  

c o n t a i n i n g  o n e   or  more  n i t r o g e n   a toms  and  d o u b l e - b o n d e d  

c a r b o n - t o - c a r b o n   a n d / o r   c a r b o n   to  n i t r o g e n ,   a n d / o r   c a r b o n y l  

g r o u p s .   P r e f e r a b l y ,   t h e r e   a re   e s s e n t i a l l y   no  a r o m a t i c   c a r b o n  

a toms   w i t h   h y d r o g e n   a t oms   a t t a c h e d   t h e r e t o .   The  l i n k a g e   s y s -  
tems  in  the   p o l y i m i d e s   a r e ,   in  g e n e r a l ,   c a p a b l e   of  a s s u m i n g  

r e s o n a n t   d o u b l e   bond  c o n f i g u r a t i o n s .   T h e s e   r e s i n s   a r e ,   i n  

g e n e r a l ,   l i n e a r   p o l y m e r s ,   bu t   a re   e x t r e m e l y   h i g h   m e l t i n g   b y  

v i r t u e   of  t h e i r   h igh   m o l e c u l a r   w e i g h t   and  s t r o n g   i n t e r m o l e c -  

u l a r   a t t r a c t i o n .   S u i t a b l e   p o l y m e r i c   i m i d e s   w h i c h   can  b e  

e m p l o y e d   in  the  t o p c o a t   i n s u l a t i o n   s y s t e m   of  t h i s   i n v e n t i o n  

a re   d i s c l o s e d   in  U.S.   p a t e n t   3 , 1 6 8 , 4 1 7 ,   s a i d   d i s c l o s u r e   b e i n g  

i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .   P r e f e r r e d   p o l y i m i d e s   w h i c h  

can  be  e m p l o y e d   in  the   t o p c o a t   i n s u l a t i o n   s y s t e m   of  t h i s   i n -  

v e n t i o n   a r e   p o l y b e n z i m i d e   made  by  c o n d e n s i n g   e q u a l   m o l a r  

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

d i a n h y d r i d e   and  p o l y b e n z i m i d a z o l e s .   The  f i r s t   l a y e r   o f  

i n s u l a t i o n   can  va ry   in  t h i c k n e s s   d e p e n d i n g   upon  use  bu t   f o r  

many  a i r c r a f t   a p p l i c a t i o n s   the   f i r s t   l a y e r   of  i n s u l a t i o n   i s  

g e n e r a l l y   from  a b o u t   .07  mm  to  a b o u t   .13  mm  in  t h i c k n e s s .  

The  p o l y i m i d e   is  a p p l i e d   to  the  e t c h e d   f i l m   c o a t e d  

e l e c t r i c a l   c o n d u c t o r   as  a  s o l u t i o n   in  any  c o n v e n i e n t   s o l v e n t  

such  as  f o r m i c   a c i d ,   d i m e t h y l   s u l f o x i d e ,   N - m e t h y l p y r r o l i d o n e ,  

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

m - p - c r e s o l   and  the   l i k e .   The  f i l m   c o a t e d   w i r e   is   p a s s e d  

t h r o u g h   a  d i e   d ip   c o a t   b a t h   and  t hen   t h r o u g h   a  s e r i e s   o f  

o v e n s   to  dry  the  f i l m .   The  o v e n s   a re   a r r a n g e d   in  a  v e r t i c a l  

r e l a t i o n s h i p   to  p e r m i t   the   w i r e   to  p a s s   t h r o u g h   w h i l e   m a i n -  

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

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

The  p o l y v i n y l i d e n e   f l u o r i d e   which  c o m p r i s e s   the  s e c o n d  

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

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



c o n t a i n i n g   a b o u t   95%  by  w e i g h t   f l u o r i n e .   A  p r e f e r r e d   p o l y -  

v i n y l i d e n e   f l u o r i d e   p o l y m e r   is   s o l d   by  P e n n w a l t   C o r p o r a t i o n ,  

P h i l a d e l p h i a ,   Pa.  u n d e r   the   t r a d e n a m e   KYNAR.  The  p o l y v i n y l -  

i d e n e   f l u o r i d e   p o l y m e r   is  a p p l i e d   to  t he   p o l y i m i d e   c o a t e d   c o n -  
d u c t o r   by  a  d i p - c o a t i n g   t e c h n i q u e .   In  t h i s   p r o c e s s   the   p o l y -  

im ide   c o a t e d   w i r e   is  p a s s e d   t h r o u g h   a  c o n v e n t i o n a l   wet  f l o w  

c o a t i n g   d e v i c e   commonly   e m p l o y e d   in  t h e - w i r e   i n d u s t r y .   T h e  

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

and  c u r i n g   o v e n s .   In  a  t y p i c a l   p r o c e d u r e   t he   w i r e   is  p a s s e d  

t h r o u g h   s e v e r a l   o v e n s   o p e r a t e d   at   a b o u t   2 5 0 ° F . ,   3 5 0 ° F .   a n d  

4 0 0 ° F .   r e s p e c t i v e l y .   The  w i r e   p a s s e s   t h r o u g h   t h e s e   h e a t i n g  

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

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

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

p o l y v i n y l i d e n e   f l u o r i d e   p r i o r   to  i t s   e x i t i n g   f rom  t h e   l a s t  

o v e n .  

The  p o l y v i n y l i d e n e   f l u o r i d e   is  e m p l o y e d   as  a  d i s p e r s i o n  

in  a  d i l u e n t .   D i l u e n t s   fo r   p o l y v i n y l i d e n e   f l u o r i d e   w h i c h   a r e  

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

the   t o p c o a t   i n s u l a t i o n   can  be  e m p l o y e d .   S u i t a b l e   d i l u e n t s  

i n c l u d e   k e t o n e s   such   as  a c e t o n e ,   m e t h y l e t h y l   k e t o n e ,   i s o b u t y l  

k e t o n e ,   and  a r o m a t i c   s o l v e n t s   such  as  t o l u o l   and  n a p h t h a .   A 

p r e f e r r e d   d i l u e n t   is  a  m i x t u r e   c o m p r i s i n g   95%  b y - w e i g h t   c e l l o -  

s o l v e   a c e t a t e   and  5%  i s o p h o r o n e .   The  p o l y v i n y l i d e n e   d i s p e r -  

s i o n   p r e f e r a b l y   c o n t a i n s   from  a b o u t   15%  to  a b o u t   20%  by  w e i g h t  

of  s o l i d s .   The  p o l y v i n y l i d e n e   s o l i d s   can  be  p i g m e n t e d   w i t h  

s u i t a b l e   i n o r g a n i c   p i g m e n t s   such  as  t i t a n i u m   d i o x i d e ,   c h r o m e  

y e l l o w ,   cadmium  r e d ,   c o b a l t   g r e e n   and  v i o l e t ,   c e r u l e a n   b l u e  

and  the  l i k e .   The  p o l y v i n y l i d e n e   f l u o r i d e   is  a p p l i e d   to  f o r m  

a  c o n t i n u o u s   l a y e r   of  i n s u l a t i o n   which   may  v a r y   in  t h i c k n e s s  

b u t   for   many  a i r c r a f t   a p p l i c a t i o n s   t h i s   l a y e r   is   f rom  a b o u t  

.07  mm  to  a b o u t   0 .13   mm  in  t h i c k n e s s .  

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

s y s t e m   of  t h i s   i n v e n t i o n   is  a  c h e m i c a l l y   c r o s s l i n k e d   t h e r m o -  

s e t t i n g   a c r y l i c   p o l y m e r .   The  a c r y l i c   p o l y m e r   is  a p p l i e d   t o  

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

l a y e r   of  p o l y v i n y l i d e n e   f l u o r i d e   as  d e f i n e d   above   by  p a s s i n g  

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



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

e m u l s i o n   c o m p r i s i n g   10  to  12%  by  w e i g h t   of  a c r y l i c   s o l i d s .  

S u i t a b l e   a c r y l i c   p o l y m e r s   w h i c h  a r e   t h e r m o s e t t i n g   and  can  b e  

p r e p a r e d   as  a q u e o u s   e m u l s i o n s   a re   p o l y m e t h y l   m e t h a c r y l a t e   a n d  

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

m e t h a c r y l i c   e s t e r   monomer s   or  v i n y l   m o n o m e r s   such   as  a l p h a -  

m e t h y l s t y r e n e   and  v i n y l   c h l o r i d e .   An  a c r y l i c   p o l y m e r   which   i s  

p r e f e r a b l e   fo r   use  as  the   t h i r d   l a y e r   of  t he   t o p c o a t   i n s u l a -  

t i o n   s y s t e m   of  t h i s   i n v e n t i o n   is  a v a i l a b l e   c o m m e r c i a l l y   u n d e r  

t he   t r a d e n a m e   R h o p l e x   AC-172  f rom  t h e  R o h m   and  Haas  C o m p a n y ,  

P h i l a d e l p h i a ,   Pa.   1 9 1 0 5 .   A  c r o s s l i n k i n g   a g e n t   for   the   a c r y l i c  

p o l y m e r   such  as  a  m e t h y l a t e d   m e l a m i n e   is  a d m i x e d   w i t h   t h e  

e m u l s i o n .   Any  c r o s s l i n k i n g   a g e n t   for   a c r y l i c   p o l y m e r   can  b e  

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

a c r y l i c  e m u l s i o n   is  Cymel  385  a v a i l a b l e   c o m m e r c i a l l y   f r o m  

A m e r i c a n   C y a n a m i d   C o . ,   R e s i n s   D e p t . ,   Wayne,   New  J e r s e y .  

Cymel  385  is  a  m e t h y l a t e d   m e l a m i n e .  

The  a c r y l i c   p o l y m e r   is  a p p l i e d   to  the   w i r e   or  c a b l e  

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

t h i c k n e s s   d e p e n d i n g   on  the  a p p l i c a t i o n   fo r   the   w i r e   and  i s  

c u r e d .   For  many  a i r c r a f t   a p p l i c a t i o n s   t he   a c r y l i c   p o l y m e r  
i n s u l a t i o n   is  f rom  a b o u t   0.7  mm  to  a b o u t   0 . 13   mm  in  t h i c k n e s s .  

The  f o l l o w i n g   e x a m p l e s   i l l u s t r a t e   t h i s   i n v e n t i o n .   In  t h e  

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

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

E x a m p l e s   1 - 3  

A  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   c o a t e d  

p o l y i m i d e   f i l m   t y p e - F   is  w r a p p e d   a b o u t   the   e x t e r i o r   of  c o n -  

d u c t o r   w i r e s   h a v i n g   AWG  s i z e s   as  s p e c i f i e d   in  T a b l e   I.   T h e  

p o l y i m i d e   f i l m   e m p l o y e d   is  Kap ton   p o l y i m i d e   f i l m .   The  f i l m   i s  

h e a t   c u r e d   at  a b o u t   5 8 5 ° F .   for   a b o u t   10  s e c o n d s .  

The  f i r s t   l a y e r   of  the   t o p c o a t   i n s u l a t i o n   s y s t e m   is  a p -  

p l i e d   as  f o l l o w s .   An  a r o m a t i c   p o l y i m i d e   wh ich   is  a  p o l y b e n z -  

i m i d e   made  by  c o n d e n s i n g   e q u a l   mo la r   a m o u n t s   of  an  a r o m a t i c  

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

Du  P o n t   unde r   the  t r a d e   name  Pyre-ML  is  a d m i x e d   in  a  n o r m a l  

m e t h y l p y r r o l i d o n e   s o l v e n t .   The  s o l u t i o n   c o n t a i n s   12-14%  by  

w e i g h t   of  the  a r o m a t i c   p o l y i m i d e .   The  s o l u t i o n   of  a r o m a t i c  



p o l y i m i d e   is  c h a r g e d   to  a  d i e   d i p c o a t   a p p l i c a t o r .   Wire   i s  

p a s s e d   t h r o u g h   d i e s   in  the   d i e   d i p c o a t   a p p l i c a t o r   a  number   o f  

t i m e s   as  s p e c i f i e d   in  T a b l e   1.  The  p o l y i m i d e   c o a t e d   w i r e   i s  

c u r e d   by  p a s s i n g   the  w i r e   t h r o u g h   a  s e r i e s   of  d r y i n g   o v e n s  

which   a r e   e a c h   f i v e   f e e t   long   and  which   a re   a r r a n g e d   a d j a c e n t  

to  each   o t h e r   in  a  v e r t i c a l   c o n f i g u r a t i o n .   Each  oven   i s  

o p e r a t e d   a t   the   t e m p e r a t u r e   s p e c i f i e d   in  T a b l e   I .  

The  w i r e   c o n t a i n i n g   the   f i r s t   l a y e r   of  t o p c o a t   i n s u l a t i o n  

is  t hen   p a s s e d   i n t o   a  p o l y v i n y l i d e n e   f l u o r i d e   d i s p e r s i o n   in  a 

d i p c o a t   b a t h .   The  p o l y v i n y l i d e n e   f l u o r i d e   is   d i s p e r s e d   in  a  

d i l u e n t   c o m p r i s i n g   a  m i x t u r e   of  c e l l o s o l v e   a c e t a t e   (95%  b y  

w e i g h t )   and  i s o p h o r o n e   (5%  by  w e i g h t ) .   The  d i s p e r s i o n   c o m -  

p r i s e s   15-20%  by  w e i g h t   of  p o l y v i n y l i d e n e   f l u o r i d e .   A f t e r  

each   p a s s   t h r o u g h   the   d i p c o a t   b a t h   (wet  p a s s e s )   the   w i r e   i s  

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

A f t e r   t he   l a s t   p a s s   is  c o m p l e t e   t h r o u g h   the   d i p c o a t   b a t h   a n d  

o v e n s ,   t he   w i r e   is  p a s s e d   t h r o u g h   the   oven  o n l y   to  c o m p l e t e  

d r y i n g   (d ry   p a s s e s ) .   The  number   of  p a s s e s   and  d r y i n g   c o n d i -  

t i o n s   a r e   as  s p e c i f i e d   in  T a b l e   I .  

The  w i r e   w i t h   the  f i r s t   and  s e c o n d   l a y e r s   of  i n s u l a t i o n  

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

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

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

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

s p e c i f i e d   in  T a b l e   1.  A f t e r   each   p a s s   t h r o u g h   the   b a t h   t h e  

w i r e   is   d r i e d   by  p a s s i n g   t h r o u g h   a  s e r i e s   of  a d j a c e n t   v e r t i c a l  

d r y i n g   o v e n s .   The  w i r e   e m e r g i n g   f rom  the   t h i r d   d i p c o a t   b a t h  

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

i n v e n t i o n .  





The  i n s u l a t e d   e l e c t r i c a l   c o n d u c t o r s   of  t h i s   i n v e n t i o n   c a n  

be  used   s a t i s f a c t o r i l y   in  a p p l i c a t i o n s   in  wh ich   the  w i r e   w i l l  

be  e x p o s e d   to  t e m p e r a t u r e   e x t r e m e s   of  from  - 6 5 ° C .   to  1 5 0 ° C .  

The  i n s u l a t i o n   has  good  c h e m i c a l ,   a b r a s i o n   and  h i g h   t e m p e r a -  
t u r e   r e s i s t a n c e .   The  s e c o n d   l a y e r   of  the   i n s u l a t i o n   s y s t e m  
r e n d e r s   the  i n s u l a t i o n   s y s t e m   c a p a b l e   of  b e i n g   p i g m e n t e d   f o r  

c o l o r   c o d i n g   p u r p o s e s .   The  e x t e r i o r   s u r f a c e   of  the   i n s u l a t i o n  

s y s t e m   p r o v i d e s   a n t i - b l o c k i n g   r e s i s t a n c e ,   a b r a s i o n   and  c h e m -  

i c a l   a l k a l i   r e s i s t a n c e   and  is  c a p a b l e   of  i n k - j e t   p r i n t a b i l i t y .  

The  i n s u l a t e d   e l e c t r i c a l   c o n d u c t o r   p r o v i d e s   a  u n i q u e   c o m b i n a -  

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

u l a r l y   d e s i r a b l e   for   use   in  a i r c r a f t   a p p l i c a t i o n s .  



1.  An  i n s u l a t e d   e l e c t r i c a l   c o n d u c t o r   c o m p r i s i n g   a  

m e t a l l i c   c o n d u c t o r   i n s u l a t e d   w i t h   (A)  a  f i l m   s e l e c t e d   f r o m .  

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   c o p o l y m e r   and  t e t r a f l u o r o e t h y l e n e  

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

ing  a  f i r s t   l a y e r   of  i n s u l a t i o n   c o n s i s t i n g   e s s e n t i a l l y   o f  a  

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

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

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

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

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

s u r f a c e   of  the   p o l y v i n y l i d e n e   f l u o r i d e .  

2.  The  i n s u l a t e d   e l e c t r i c a l   c o n d u c t o r   of  c l a i m   1  i n  

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

3.  The  i n s u l a t e d   e l e c t r i c a l   c o n d u c t o r   of  c l a i m   1  i n  

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

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

4.  The  i n s u l a t e d   e l e c t r i c a l   c o n d u c t o r   of  c l a i m s   1,  2  o r  

3  in  w h i c h   the  p o l y i m i d e   c o a t i n g   is  p r e p a r e d   from  a  p o l y b e n z -  

i m i d e   made  by  c o n d e n s i n g   e q u a l   m o l a r   a m o u n t s   of  an  a r o m a t i c  

h y d r o c a r b o n   d i a m i n e   w i th   p y r o m e l l i t i c   d i a n h y d r i d e .  

5.  The  i n s u l a t e d   e l e c t r i c a l   c o n d u c t o r   of  c l a i m s   1,  2 

or  3  in  which   the  p o l y i m i d e   is  p o l y b e n z i m i d a z o l e .   ' 
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