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@  Enameled  wires. 

An  enameled  wire  is  disclosed  which  comprises  an  elec- 
trical  conductor  (1),  one  or  more  wire  enamel  coats  (2)  formed 
on  said  conductor  and  a  lubricating  wire  enamel  coat  (3) 
formed  on  the  outermost  layer  of  said  wire  enamel  coat.  The  lu- 
bricating  wire  enamel  coat  (3)  is  formed  by  applying  and  bak- 
ing  a  wire  enamel  composition  consisting  essentially  of  a  resin 
at  least  one  molecule  of  which  is  terminated  with  a  straight  al- 
kyl  group  having  21  or  more  carbon  atoms. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  e n a m e l e d   w i r e s  

h a v i n g   good  s e l f - l u b r i c a t i n g   p r o p e r t i e s .  

R e c e n t l y ,   m a n u f a c t u r e r s   of  e l e c t r i c   a p p a r a t u s e s  

t h a t   use   e n a m e l e d   w i r e s   h a v e   come  to  u se   h i g h - s p e e d   a u t o -  

m a t i c   w i n d i n g   m a c h i n e s   to  i n c r e a s e   t he   s p e e d   of  t h e  

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

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

w h i c h   c a u s e s   t he   i n s u l a t i o n   c o a t i n g   to  be  d a m a g e d  

m e c h a n i c a l l y .   I f   s u c h   d a m a g e d   w i r e   is  a s s e m b l e d   in   a n  

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

b e t w e e n   w i r e s )   o c c u r s   and  t he   l o s s   f a c t o r   is   i n c r e a s e d  

to  an  u n d e s i r a b l y  h i g h   l e v e l .   T h e r e f o r e ,   to  m i n i m i z e  

t he   m e c h a n i c a l  d a m a g e   to  t h e   i n s u l a t i o n   c o a t i n g ,   e n a m e l e d  

w i r e s   h a v i n g   good  s e l f - l u b r i c a t i n g   p r o p e r t i e s   h a v e   b e e n  

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

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

w i n d e r   b u t   a l s o   when  e n a m e l e d   w i r e s   a r e   i n s e r t e d   m a n u a l l y  

i n t o   a  s m a l l   s l o t   in   a  m o t o r .  

On  t he   o t h e r   h a n d ,   to  a c h i e v e   e n e r g y   s a v i n g ,  

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

m o t o r s   and  t r a n s f o r m e r s   are  d e s i r e d .   T h i s   r e q u i r e m e n t   i s  

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



a n t s   f o r   c o o l e r s ,   a i r   c o n d i t i o n e r s   and  r e f r i g e r a t o r s ,   a n d  

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

i n s e r t i n g   more  e n a m e l e d   w i r e s   i n t o   s m a l l   s l o t s   in   m o t o r s .  

S i n c e   e n a m e l e d   w i r e s   t h e m s e l v e s   do  no t   h a v e  

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

l i q u i d   l u b r i c a n t s   s u c h   as  l i q u i d   p a r a f f i n   and  r e f r i g e r a -  

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

w i r e s .   H o w e v e r ,   as  more   e n a m e l e d   w i r e s   a r e   i n s e r t e d  

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

and   h e n c e   i n c r e a s e   t he   e f f i c i e n c y   o f   m o t o r s ,   m a n y  

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

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

s u c h   as  r e f r i g e r a t o r   o i 3 .  F o r   one  t h i n g ,   l i q u i d   l u b r i -  

c a n t s   s u c h   as  r e f r i g e r a t o r   o i l   do  n o t   h a v e   v e r y   h i g h  

l u b r i c a t i n g   p r o p e r t i e s   and  s l i p   p r o p e r t i e s .   A c c o r d i n g l y ,  

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

i n s e r t e d   i n t o   a  s m a l l   s l o t ,   and  i f   t h e y   a r e   i n s e r t e d  

w i t h   g r e a t   f o r c e ,   t h e   e n a m e l   c o a t i n g   is   d a m a g e d   m e c h a n i -  

c a l l y   w h i c h   i n c r e a s e s   t h e   c h a n c e   o f   l a y e r   s h o r t i n g . .   T h e  

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

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

o f   e n a m e l e d   w i r e   i s   i n s e r t e d   in  t h e   m o t o r ,   t h e   e n a m e l  

c o a t i n g   i s   s u b j e c t e d   to  m e c h a n i c a l   damage   due  to  e l e c t r o -  

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

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



p e r f o r m   i t s   f u n c t i o n .   I m p r o v i n g   the   s e l f - l u b r i c a t i n g  

p r o p e r t i e s   of   e n a m e l e d   w i r e s   by  a p p l y i n g   a  l a r g e   q u a n t i t y  

of  l i q u i d   l u b r i c a n t s   has   l i t t l e   e f f e c t .   On  the   c o n t r a r y ,  

t he   u se   of   s u c h   l u b r i c a n t s   c a u s e s   more  d i r t   to  c o l l e c t  

on  the   e n a m e l e d   w i r e s   and  t h e   b o n d i n g   s t r e n g t h   o f  

a d h e s i v e   t a p e   u s e d   to  f i x   t he   ends   of   t h e   c o i l   i s  

a d v e r s e l y   a f f e c t e d .  

A t t e m p t s   have   b e e n   made  to  e l i m i n a t e   t h e s e  

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

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

l u b r i c a t i n g   p r o p e r t i e s   and  s l i p   p r o p e r t i e s   t h a n   l i q u i d  

l u b r i c a n t s .   H o w e v e r ,   b e c a u s e   mos t   of   t h e   s o l i d   l u b r i -  

c a n t s   a r e   i n s o l u b l e   or  s p a r i n g l y   s o l u b l e   in  s o l v e n t s ,  

t h e y   a r e   u s u a l l y   a p p l i e d   to  t h e   e n a m e l e d   w i r e   f rom  a  

s o l u t i o n   h a v i n g   a  few  p e r c e n t   of   t h e   l u b r i c a n t   d i s s o l v e d .  

in  s o l v e n t s   s u c h   as  p e t r o l e u m   b e n z i n e   and  x y l e n e ,   a n d  

the   s o l v e n t   is   s u b s e q u e n t l y   e v a p o r a t e d .   T h i s   m e t h o d  

r e q u i r e s   w a s t i n g   a  l a r g e .   q u a n t i t y   of   s o l v e n t s .   F u r t h e r -  

m o r e ,   t he   m e t h o d   r e q u i r e s   a  v a p o r   s c r u b b e r   to  p r o t e c t  

t he   h e a l t h   of   w o r k e r s   as  w e l l   as  a  b u r n e r   and  o t h e r  

means   to  r e m o v e   t h e   d i s c h a r g e d   v a p o r   and  c o n v e r t   i t   i n t o  

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

p o i n t s   p r e s e n t s   a  f i r e   h a z a r d ;   and  a  h e a t i n g   f u r n a c e   i s  

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

As  a  f u r t h e r   d e f e c t ,   t h e   s o l v e n t   on  t h e   i n s u l a t i o n   c o a t -  



i n g   o f   some  w i r e s   can  cause  c r e a s i n g   or  c r a z i n g   tha t   makes  t h e  

w i r e s   no  l o n g e r   a c c e p t a b l e   as  c o m m e r c i a l   p r o d u c t s .  

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

a p p l i e d   to  l i m i t e d   t y p e s   of   e l e c t r i c   w i r e s .   F u r t h e r m o r e ,  

the   l u b r i c a n t   s o l u t i o n   has   s u c h   a  low  c o n c e n t r a t i o n   a n d  

v i s c o s i t y   t h a t   t h e   t h i c k n e s s   o f   t h e   l u b r i c a n t   c o a t i n g  

c a n n o t   be  c o n t r o l l e d   s a t i s f a c t o r i l y .   A l l   t he   o p e r a t o r  

can   do  is   to  s i m p l y   p a s s   t h e   e l e c t r i c   w i r e   t h r o u g h   t h e  

l u b r i c a n t   s o l u t i o n   and   l e t   i t   d e p o s i t   on  t he   w i r e  

s u r f a c e .   I t   i s ,   t h e r e f o r e ,   v e r y   d i f f i c u l t   to  a p p l y   t h e  

l u b r i c a n t   s o l u t i o n   in   a  c o n t r o l l e d   a m o u n t .  

I f   t h e   e n a m e l e d   w i r e s   h a v i n g   a  c o a t i n g   of   t h e s e  

s o l i d   l u b r i c a n t s   a r e   a p p l i e d   to  m o t o r s   to  be  i m m e r s e d   i n  

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

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

v a l v e   o r   t h e   r e f r i g e r a n t   e x p a n s i o n   n o z z l e s   in   t he   r e f r i g -  

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

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

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

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

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

due  to  e l e c t r o m a g n e t i c   v i b r a t i o n .  

A n o t h e r   m e t h o d   t h a t   has   b e e n   p r o p o s e d   f o r  

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

p r o p e r t i e s   is   to  u s e   w i r e   e n a m e l   c o m p o s i t i o n s   c o n t a i n i n g  



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

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

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

and  l i q u i d   as  w e l l   as  s o l i d   l u b r i c a n t s   s u c h   as  p a r a f f i n  

wax,   c a r n a u b a   wax  and  m o n t a n   wax.   But  s y n t h e t i c   r e s i n s  

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

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

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

u n i f o r m l y ,   and   t h e   r e s u l t i n g   e n a m e l   is  n o t   h i g h l y   s t a b l e .  

What  is   m o r e ,   t h e s e   p o l y m e r s   a r e   no t   h i g h l y   m i s c i b l e  

w i t h   t he   c o m p o n e n t s   of   t h e   e n a m e l   so  i t   is  d i f f i c u l t   t o  

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

r e s u l t i n g   e n a m e l   c o a t i n g   does   n o t   h a v e   a  good   a p p e a r a n c e .  

L i q u i d   l u b r i c a n t s   in  t h e   w i r e   e n a m e l   c o m p o s i t i o n   p r o v i d e  

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

l u b r i c a t i n g   p r o p e r t i e s   a r e   as  low  as  t h o s e   of   t he   c o a t i n g  

f o r m e d   b y  a p p l y i n g   them  o n t o   t h e   e n a m e l e d   w i r e .   S o l i d  

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

e x t r a c t e d   by  r e f r i g e r a n t s   or  s o l v e n t s   a f t e r   t he   w i r e  

e n a m e l   is   a p p l i e d   to  t he   e l e c t r i c   w i r e   ( t h e   same  t h i n g  

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

t he   e n a m e l e d   w i r e ) .   E n a m e l e d   wires   so  p r o d u c e d   a r e   n o t  

d e s i r a b l y   a p p l i e d   to  m o t o r s   t h a t   a re   to  be  i m m e r s e d   i n  

r e f r i g e r a n t s .   F u r t h e r m o r e ,   l i k e   s y n t h e t i c   r e s i n s ,   t h e  

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



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

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

r e s u l t i n g   w i r e   e n a m e l   is   n o t   s t a b l e   and  t h e   l u b r i c a n t s  

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

and   h e n c e   the   so  p r o d u c e d   c o a t i n g   does   n o t   h a v e   g o o d  

a p p e a r a n c e .  

SUMMARY  OF  THE  INVENTION 

As  a  r e s u l t   of   v a r i o u s   s t u d i e s   to  e l i m i n a t e  

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

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

w i r e   c an   be  p r o d u c e d   by  f o r m i n g   one  or  more  w i r e   e n a m e l  

c o a t i n g s   on  a  c o n d u c t o r   a n d  a   l u b r i c a t i n g   w i r e   e n a m e l  

c o a t   on  t he   o u t e r m o s t   l a y e r   of  s a i d   w i r e   e n a m e l   c o a t  

t h a t   i s   made  by  a p p l y i n g   and  b a k i n g   a  w i r e   e n a m e l  

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

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

a l k y l   g r o u p   h a v i n g   21  or  more  c a r b o n   a t o m s .   The  e n a m e l  

w i r e   o f   t h e   p r e s e n t   i n v e n t i o n   i t s e l f   has   s e l f - l u b r i c a t i n g  

p r o p e r t i e s   e q u a l   to  t h o s e   o f   t h e   w i r e   t h a t   has   a  l a y e r  

of   s o l i d   l u b r i c a n t s   s u c h   as  s o l i d   p a r a f f i n   and  c a r n a u b a  

wax ,   or   t h o s e   of   t h e   w i r e   t h a t   i s   p r o d u c e d   by  c o a t i n g  

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

s u c h   s o l i d   l u b r i c a n t s   or   s y n t h e t i c   r e s i n s   s u c h   as  p o l y -  

e t h y l e n e   and  p o l y p r o p y l e n e   h a v i n g   good   l u b r i c a t i n g  

p r o p e r t i e s .  



In  t he   e n a m e l e d   wi.re  o f   t he   p r e s e n t   i n v e n t i o n ,  

the   w i r e   e n a m e l   c o a t i n g   i t s e l f   has   h i g h   s e l f - l u b r i c a t i n g  

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

f rom  the   c o n v e n t i o n a l   p r o d u c t   w h e r e i n   a  l u b r i c a n t   i s  

p r e s e n t   on  t h e   s u r f a c e   of   t h e   e n a m e l e d   w i r e   or  w i t h i n  

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

in   t he   p r e s e n t   i n v e n t i o n   is   more  s t a b l e   and  u n i f o r m   t h a n  

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

h a v i n g   good   l u b r i c a t i n g   p r o p e r t i e s   s u c h   as  p o l y e t h y l e n e  

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

p a r a f f i n   and  c a r n a u b a   wax.   F u r t h e r m o r e ,   t he   r e s u l t i n g  

e n a m e l e d   w i r e   has   a  b e t t e r   a p p e a r a n c e   t h a n   t h o s e   h a v i n g  

a  w i r e   e n a m e l   c o a t i n g   made  f rom  t he   l a t t e r   t y p e   of   w i r e  

e n a m e l .   T h e r e   is  l i t t l e   c h a n c e   t h a t   t he   w i r e   e n a m e l  

c o a t i n g   of   t h e   p r e s e n t   i n v e n t i o n   w i l l   be  e x t r a c t e d   b y  

r e f r i g e r a n t s   or  s o l v e n t s   and  c l o g   t h e   o p e n i n g   of   t h e  

c o m p r e s s o r   v a l v e   or  t h e   r e f r i g e r a n t   e x p a n s i o n   n o z z l e s  

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

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

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

c o a t i n g   f o r m e d   f rom  a  w i r e   e n a m e l   c o m p o s i t i o n   c o n t a i n i n g  

t h e s e   s o l i d   l u b r i c a n t s .   For   t h e s e   r e a s o n s ,   t he   e n a m e l e d  

w i r e   o f   t h e   p r e s e n t   i n v e n t i o n   can   be  a p p l i e d   w i t h   a d v a n -  

t a g e   to  m o t o r s   t h a t   a r e   to  be  i m m e r s e d   in  r e f r i g e r a n t s  

and  w h i c h   a r e   r e q u i r e d   to  h a v e   h i g h   r e f r i g e r a n t   r e s i s t -  

a n c e .  



BRIEF  DESCRIPTION  OF  THE  DRAWING 

F i g u r e   1  is   a  c r o s s   s e c t i o n   of   t h e   i n s u l a t e d  

e l e c t r i c   w i r e   of   t h e   p r e s e n t   i n v e n t i o n .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

The  e n a m e l e d   w i r e   of   t h e   p r e s e n t   i n v e n t i o n  

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

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

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

c o a t .   I t   i s   e s s e n t i a l   f o r   t h e   p r e s e n t   i n v e n t i o n   t h a t  

t h e   l u b r i c a t i n g   w i r e   e n a m e l   c o a t   be  f o r m e d   on  t h e   o u t e r -  

m o s t   l a y e r   o f   t h e   one  or   more  w i r e   e n a m e l   c o a t i n g s   o n  

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

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

c h a r a c t e r i s t i c s   may  n o t   be  o b t a i n e d .   The  p r o p o r t i o n   o f  

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

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

as  p o s s i b l e   to  a v o i d   any  a d v e r s e   e f f e c t   on  t h e   m e c h a n i c a l  

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

A  w i r e   e n a m e l   c o a t   is  u s u a l l y   f o r m e d   on  t h e  

c o n d u c t o r   by  3  to  20  c y c l e s   of   a p p l i c a t i o n   and  b a k i n g   o f  

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

f o r m e d .   T h e r e f o r e ,   t h e   b e s t   way  to  m i n i m i z e   t h e   p r o p o r -  

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

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

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



m a k i n g   t he   l u b r i c a t i n g   w i r e   e n a m e l   c o a t .   For  a c h i e v i n g  

the   d e s i r e d   m e c h a n i c a l   c h a r a c t e r i s t i c s ,   t h e   t h i c k n e s s   o f  

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

t h a n   20%  of   t h e   t o t a l   t h i c k n e s s   of   the   c o a t i n g   on  t h e  

r e s u l t i n g   e n a m e l e d   w i r e .  

The  w i r e   e n a m e l   c o a t   f o r m e d   as  a  b a s e   c o a t   i n  

the   e n a m e l e d   w i r e   of   t he   p r e s e n t   i n v e n t i o n   may  b e  m a d e  

of  any  m a t e r i a l   s u c h   as  p o l y u r e t h a n e ,   p o l y v i n y l   f o r m a l ,  

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

i m i d e ,   p o l y i m i d e ,   p o l y e s t e r   a m i d e i m i d e   and  p o l y a m i d e .  

T h e s e   r e s i n s   may  be  c o m b i n e d   in   t he   f o rm  o f ,   s a y ,  

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

p o l y a m i d e i m i d e ,   p o l y e s t e r   i m i d e - p o l y a m i d e i m i d e ,   a n d  

p o l y i m i d e - p o l y v i n y l   f o r m a l .   S i n c e   t h e   e n a m e l e d   w i r e   o f  

t h e   p r e s e n t   i n v e n t i o n   may  be  a p p l i e d   to  m o t o r s   to  b e  

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

p r e f e r a b l y   made  of   v i n y l   f o r m a l ,   p o l y e s t e r ,   p o l y e s t e r  

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

p o l y i m i d e ,   and  m i x t u r e s   t h e r e o f .  

The  l u b r i c a t i n g   w i r e   e n a m e l   c o a t   f o r m e d   as  a  

t op   c o a t   in   t h e   e n a m e l e d   w i r e   of   t h e   p r e s e n t   i n v e n t i o n  

i s   f o r m e d   by  a p p l y i n g   and  b a k i n g   a  w i r e   e n a m e l   c o m p o s i -  

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

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

g r o u p   h a v i n g   21  or   more  c a r b o n   a t oms   and  p r e f e r a b l y  



27  to  31  c a r b o n   a t o m s .   The  p o l y m e r   b a c k b o n e   may  b e  

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

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

u r e t h a n e   b o n d   or  u r e a   b o n d .   The  s t r a i g h t   a l k y l   g r o u p  

b o n d e d   to   a  t e r m i n a l   of   t h e   p o l y m e r   c h a i n   mus t   have   a t  

l e a s t   21  c a r b o n   a t o m s   to  p r o v i d e   good   l u b r i c a t i n g  

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

n o t   a c h i e v e d   i f   s a i d   a l k y l   g r o u p   has   l e s s   t h a n   21  c a r b o n  

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

by  - ( C H 2 ) n - 1 C H 3 ,   n  m u s t   be  21  or  m o r e .   The  a l k y l   g r o u p  

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

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

a t   l e a s t   21  c a r b o n   a t o m s .  

The  p o l y m e r   c h a i n   to  a  t e r m i n a l   o f   w h i c h   t h e  

s t r a i g h t   a l k y l   g r o u p   h a v i n g   21  or   more  c a r b o n   a t oms   i s  

to  be  a t t a c h e d   may  be  made  of  any  r e s i n   s u c h   a s  

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

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

h y d r o x y e t h e r .   Two  t y p i c a l   m e t h o d s   of   i n t r o d u c i n g   t h e  

s t r a i g h t   a l k y l   g r o u p   h a v i n g   21  o r  m o r e   c a r b o n   a toms   a t  

a  t e r m i n a l   of  t h e   m o l e c u l e   o f   t h e s e   r e s i n s   a r e   1)  r e a c t -  

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

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

h e r e u n d e r   and  w h i c h   is  u s e d   to  i n t r o d u c e   t h e   s t r a i g h t  

a l k y l   g r o u p   h a v i n g   21  or  more  c a r b o n   a t o m s   a t   a  t e r m i n a l  



of  t h e   m o l e c u l e   of  t he   r e s i n ,   so  as  to  fo rm  t h e   p o l y m e r  

c h a i n   and  i n t r o d u c e   t he   s t r a i g h t   a l k y l   g r o u p   at   t h e  

t e r m i n a l   of   i t s   m o l e c u l e ,   and  2)  r e a c t i n g   t h e   m a t e r i a l s  

f o r   p r e p a r i n g   the   p o l y m e r   c h a i n   among  t h e m s e l v e s ,   t h e n  

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

i s   u s e d   to  i n t r o d u c e   t h e   s t r a i g h t   a l k y l   g r o u p   h a v i n g   21 

or   more  c a r b o n   a t o m s   a t   a  t e r m i n a l   of  i t s   m o l e c u l e   so  a s  

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

E x a m p l e s   o f   t he   c o m p o u n d   t h a t   is  u s e d   t o  

i n t r o d u c e   a  s t r a i g h t   a l k y l   g r o u p   h a v i n g   21  or  more  c a r b o n  

a t o m s   a t   a  t e r m i n a l   of   t he   m o l e c u l e   of  t h e   r e s i n   u s e d   t o  

fo rm  t h e   l u b r i c a t i n g   w i r e   e n a m e l   c o a t   i n c l u d e   a l i p h a t i c  

a c i d s ,   a l k y l   e s t e r s   and  a c i d   h a l i d e s   t h e r e o f ,   as  w e l l   a s  

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

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

d o c o s a n o i c   a c i d ,   t r i c o s a n o i c   a c i d ,   t e t r a c o s a n o i c   a c i d ,  

p e n t a c o s a n o i c   a c i d ,   h e x a c o s a n o i c   a c i d ,   h e p t a c o s a n o i c  

a c i d ,   o c t a c o s a n o i c   a c i d ,   n o n a c o s a n o i c   a c i d   a n d  

t r i a c o n t a n o i c   a c i d ,   and  d e r i v a t i v e s   of   t h e s e   a l i p h a t i c  

a c i d s   a r e   e s t e r s ,   a c i d   a n h y d r i d e s   and  a c i d   h a l i d e s .  

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

h e n e i c o s a n o l ,   n - d o c o s a n o l ,   n - t e t r a c o s a n o l ,   n - h e x a c o s a n o l ,  

n - o c t a c o s a n o l ,   and  n - t r i a c o n t a n o l .   I l l u s t r a t i v e   e x a m p l e s  

of   a m i n e s   i n c l u d e   h e n e i c o s y l a m i n e ,   d o c o s y l a m i n e ,  

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



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

a m i d e s   i n c l u d e   d o c o s y l a m i d e ,   h e x a c o s y l a m i d e   and  o c t a -  

c o s y l a m i d e .   I t   i s ,   of   c o u r s e ,   n e c e s s a r y   t h a t   i f   t h e s e  

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

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

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

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

c o m p o u n d s   n e e d   n o t   be  u s e d   i n d i v i d u a l l y   and  may  be  u s e d  

i n   a d m i x t u r e .   For   i n s t a n c e ,   H o e c h s t   Wax  S  s o l d   b y  

H o e c h s t   J a p a n  L t d .   t h a t   i s   b a s e d   on  m o n t a n   wax  a c i d  

( c h a i n   l e n g t h :   C  2 8 - 3 2 ) ,   H o e c h s t   Wax  E  ( e s t e r   of   m o n t a n  

wax  a c i d )   or  H o e c h s t   Wax  OP  ( p a r t i a l l y   s a p o n i f i e d   e s t e r  

o f   m o n t a n   wax  a c i d )   a l s o   s o l d   by  H o e c h s t   J a p a n   L t d .   m a y  

be  u s e d .  

Any  s o l v e n t   can   be  u s e d   to  d i s s o l v e   t he   r e s i n  

a t   l e a s t   one  m o l e c u l e   of   w h i c h   i s   t e r m i n a t e d   w i t h   a  

s t r a i g h t   a l k y l   g r o u p   h a v i n g   21  or  more  c a r b o n   a t o m s .  

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

s o l v e n t s   a r e   t h o s e   w h i c h   c o n s i s t   e s s e n t i a l l y   of   N - m e t h y l -  

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

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

s o l u t i o n   can   be  d i r e c t l y   u s e d   as  w i r e   e n a m e l   f o r   m a k i n g  

e n a m e l e d   w i r e s .   S u i t a b l e   s o l v e n t s   t h a t   can  be  u s e d   t o  

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

t o l u e n e ,   x y l e n e ,   s o l v e n t   n a p h t h a ,   a c e t o n e ,   m e t h y l   e t h y l  

k e t o n e ,   c y c l o h e x a n o n e   and  C e l l o s o l v e   a c e t a t e .  



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

p r e s e n t   i n v e n t i o n   w h i c h   c o n s i s t s   e s s e n t i a l l y   of   a  r e s i n  

.  at   l e a s t   one  m o l e c u l e   of   w h i c h   is  t e r m i n a t e d   w i t h   a  

s t r a i g h t   a l k y l   g r o u p   h a v i n g   21  or  more  c a r b o n   a t oms   i s  

e i t h e r   a  p o l y m e r   s o l u t i o n   p e r   se  of  t he   r e s i n   at   l e a s t  

one  m o l e c u l e   of   w h i c h   i s   t e r m i n a t e d   w i t h   a  s t r a i g h t   a l k y l  

g r o u p   h a v i n g   21  or  more  c a r b o n   a t o m s ,   or  s u c h   p o l y m e r  

s o l u t i o n   t h a t   c o n t a i n s   one  or  more  a d d i t i v e s   s u c h   a s  

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

a g e n t s ,   f i l l e r s ,   p i g m e n t s   and  dyes   in   an  a m o u n t   t h a t  

does   n o t   i m p a i r   t he   c h a r a c t e r i s t i c s   of   s a i d   s o l u t i o n .  

The  p o l y m e r   s o l u t i o n   p e r   se  is  p r e f e r r e d .  

The  p r e s e n t   i n v e n t i o n   is   now  d e s c r i b e d   i n  

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

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

t r a t i v e   p u r p o s e s   o n l y   and  a r e   by  n o  m e a n s   i n t e n d e d   t o  

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

we re   p e r f o r m e d   in  t h e   f o l l o w i n g   r e f e r e n c e   e x a m p l e s   u n d e r  

t h o r o u g h   s t i r r i n g   in   a  r e a c t i o n   v e s s e l   h a v i n g   a  3  l i t e r  

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

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

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

B a k i n g   of  t h e   p o l y m e r   s o l u t i o n   c o a t e d   w i r e s   was  c a r r i e d  

o u t   in   a  v e r t i c a l   f u r n a c e   a t   a  f u r n a c e   t e m p e r a t u r e   o f  

360°C  in  t h e   t o p ,   320°C  in  t h e   m i d d l e   and  260°C  in  t h e  



b o t t o m   as  t he   w i r e   was  s u p p l i e d   a t   a  l i n e a r   s p e e d   o f  

15  m / m i n .   A l l   c h a r a c t e r i s t i c s   e x c e p t   the   c o e f f i c i e n t   o f  

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

m e a s u r e d   in  a c c o r d a n c e   w i t h   J I S   C 3 0 0 3 .   The  c o e f f i c i e n t  

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

i n   t e r m s   o f   t h e   c o e f f i c i e n t   o f   s t a t i c   f r i c t i o n   b e t w e e n  

e n a m e l e d   w i r e s :   two  p a r a l l e l   e n a m e l e d   w i r e s   w e r e   p l a c e d  

on  a  h o r i z o n t a l   p l a n e ;   a  m e t a l   b l o c k   to  t h e   b o t t o m  o f  

w h i c h   two  p a r a l l e l   e n a m e l e d   w i r e s   w e r e   f a s t e n e d   w a s  

p l a c e d   on  s a i d   h o r i z o n t a l   p l a n e   so  t h a t   t h e   r e s p e c t i v e  

p a i r s   of   w i r e s   c r o s s e d   e a c h   o t h e r   at   a  r i g h t   a n g l e ;   t h e  

m e t a l   b l o c k   was  moved  a l o n g   t h e   two  w i r e s   on  t h e   h o r i z o n -  

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

b l o c k   was  d i v i d e d   by  t h e   w e i g h t   of   t h e   b l o c k   to  d e t e r m i n e  

t h e   c o e f f i c i e n t   o f   s t a t i c   f r i c t i o n   of   t he   w i r e s .  

REFERENCE  EXAMPLE  1 

D i p h e n y l m e t h a n e - 4 , 4 ' - d i i s o c y a n a t e   ( 5 0 0 . 5   g)  w a s  

g r a d u a l l y   a d d e d   to  a  m i x t u r e   of   t r i m e l l i t i c   a n h y d r i d e  

( 3 8 4 . 3   g)  and   N - m e t h y l - 2 - p y r r o l i d o n e   ( 1 , 6 5 3 . 8   g)  u n d e r  

s t i r r i n g ,   and  t h e   r e s u l t i n g   m i x t u r e   was  h e a t e d   a t   8 0 ° C  

f o r   3  h o u r s .   T h e r e a f t e r ,   t h e   t e m p e r a t u r e   o f   t h e   r e a c t i o n  

m i x t u r e   was  i n c r e a s e d   a t   a  r a t e   of  20°C  p e r   h o u r .   D u r i n g  

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

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

d i o x i d e   g a s .   When  t h e   t e m p e r a t u r e   of   t h e   r e a c t i o n  



m i x t u r e   r e a c h e d   1 6 0 ° C ,   t h e   h e a t   was  r e m o v e d ,   and  t h e  

r e a c t i o n   was  c o n t i n u e d   a t   t h a t   t e m p e r a t u r e   f o r   2  m o r e  

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

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

of   0 . 3 8   d l / g   as  m e a s u r e d   a t   30°C  in  100  m2  of   N , N ' -  

d i m e t h y l a c e t a m i d e   h a v i n g   0 .5   g  of   t h e   r e s i n   d i s s o l v e d .  

The  p o l y m e r   s o l u t i o n   was  d i l u t e d   w i t h   x y l o l   to  f o rm  a  

w i r e   e n a m e l   c o m p o s i t i o n   h a v i n g   a  r e s i n   c o n t e n t   of   25%.  

The  w i r e   e n a m e l   h a d   a  v i s c o s i t y   of   17  p o i s e s   as  m e a s u r e d  

w i t h   a  B r o o k f i e l d   t y p e   v i s c o m e t e r   a t   3 0 ° C .  

REFERENCE  EXAMPLE  2 

D i p h e n y l m e t h a n e - 4 , 4 ' - d i i s o c y a n a t e   ( 5 0 0 . 5   g )  w a s  

g r a d u a l l y   a d d e d   to  a  m i x t u r e   of   t r i m e l l i t i c   a n h y d r i d e  

( 3 8 1 . 2   g ) ,   H o e c h s t   Wax  S  ( 1 4 . 1   g ,  m o n t a n   wax  a c i d   h a v i n g  

a  c h a i n   l e n g t h   of   28  to   32  f r o m   H o e c h s t   J a p a n   L t d . )   a n d  

N - m e t h y l - 2 - p y r r o l i d o n e   ( 1 , 6 7 9 . 8   g)  u n d e r   s t i r r i n g ,   a n d  

t h e   r e s u l t i n g   m i x t u r e   was  h e a t e d   a t   8 0 ° C  f o r   3  h o u r s .  

T h e r e a f t e r ,   t h e   r e a c t i o n   m i x t u r e   was  h e a t e d   at   a  r a t e   o f  

20°C  p e r   h o u r .   W h e n   t h e   t e m p e r a t u r e   of  t h e   r e a c t i o n  

m i x t u r e   r e a c h e d   1 7 0 ° C ,   t h e   h e a t   was  r e m o v e d ,   and  t h e  

r e a c t i o n   was  c o n t i n u e d   a t   t h a t   t e m p e r a t u r e   f o r   1 . 5   h o u r s  

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

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

a l k y l   g r o u p   h a v i n g   27  to  31  c a r b o n   a toms   was  o b t a i n e d .  

The  r e s i n   had   a  r e d u c e d   s p e c i f i c   v i s c o s i t y   of   0 . 4 9   d l / g .  



The  r e s i n   s o l u t i o n   was  d i l u t e d   w i t h   x y l o l   to  f o r m   a  w i r e  

e n a m e l   c o m p o s i t i o n   h a v i n g   a  r e s i n   c o n t e n t   of   25%.  T h e  

w i r e   e n a m e l   had   a  v i s c o s i t y   of   38  p o i s e s .  

REFERENCE  EXAMPLE 

D i p h e n y l m e t h a n e - 4 , 4 ' - d i i s o c y a n a t e   ( 5 0 0 . 5   g)  w a s  

a d d e d   to   a  m i x t u r e   of   t r i m e l l i t i c   a n h y d r i d e   ( 3 8 2 . 4   g ) ,  

d o c o s a n o i c   a c i d   ( 6 . 8   g)  and   N - m e t h y l - 2 - p y r r o l i d o n e  

( 1 , 6 6 7 . 0   g)  u n d e r   s t i r r i n g   and  t h e   r e s u l t i n g   m i x t u r e   w a s  

h e a t e d   to  80°C  w h e r e   i t   was  s u b j e c t e d   to  r e a c t i o n   f o r   3 

h o u r s .   T h e r e a f t e r ,   t h e   r e a c t i o n   m i x t u r e   was  h e a t e d   a t   a  

r a t e   o f   20°C  p e r   h o u r .   When  t h e   t e m p e r a t u r e   r e a c h e d  

1 7 5 ° C ,   t h e   h e a t   was  r e m o v e d   and  t h e   r e a c t i o n   was  f u r t h e r  

c o n t i n u e d   f o r   1  h o u r   and  45  m i n u t e s   u n t i l   a  p o l y a m i d e -  

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

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

h a v i n g   21  c a r b o n  a t o m s  w a s   o b t a i n e d .   The  r e s i n   h a d   a  

r e d u c e d   s p e c i f i c   v i s c o s i t y   o f   0 . 7 0   d l / g .   The  s o l u t i o n  

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

h a v i n g   a  r e s i n   c o n t e n t   o f   25%.  The  w i r e   e n a m e l   h a d   a  

v i s c o s i t y   o f   60  p o i s e s .  



REFERENCE  EXAMPLE  4 

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

f l a s k .  

U n d e r   s t i r r i n g ,   t h e   m i x t u r e   was  g r a d u a l l y   h e a t e d   t o  

140°C  a t   w h i c h   t e m p e r a t u r e   i t   was  s u b j e c t e d   to  r e a c t i o n  

f o r   2  h o u r s .   I t   was  t h e n   h e a t e d   so  t h a t   i t s   t e m p e r a t u r e  

i n c r e a s e d   a t   a  r a t e   of   20°C  p e r   h o u r .   T h r o u g h o u t   t h e  

r e a c t i o n ,   x y l e n e   and  b y - p r o d u c t s   were   d i s t i l l e d   ou t   o f  

t he   r e a c t i o n   s y s t e m   t h r o u g h   t h e   c o o l i n g   t u b e .   T h e  

v i s c o s i t y   of  t h e   m i x t u r e   i n c r e a s e d   g r a d u a l l y .   When  t h e  

t e m p e r a t u r e   of   t h e   m i x t u r e   r e a c h e d   2 4 0 ° C ,   t h e   f l a s k   w a s  

e v a c u a t e d   and  t h e   r e a c t i o n   was  c o n t i n u e d   at   t h a t   t e m p e r -  

a t u r e .   The  v i s c o s i t y   of  t he   m i x t u r e   i n c r e a s e d   f u r t h e r .  

T h i r t y   m i n u t e s   a f t e r   t h e   e v a c u a t i o n   of   t h e   f l a s k   s t a r t e d ,  

t h e   p r e s s u r e   in  t h e   f l a s k ' w a s   r e t u r n e d   to  a t m o s p h e r i c  

and  t h e   h e a t   was  r e m o v e d .   C r e s o l   was  a d d e d   to  a c h i e v e  

a  r e s i n   c o n t e n t   of   40%  and  to  d i s s o l v e   t h e   r e s i n   i n  

c r e s o l .   Two  p e r c e n t   by  w e i g h t   e a c h   of   t e t r a b u t y l  

t i t a n a t e   and  z i n c   o c t a n o a t e   ( b a s e d   on  t h e   r e s i n )   w a s  

a d d e d   to  make  a  p o l y e s t e r   w i r e   e n a m e l   c o m p o s i t i o n .   T h e  

w i r e   e n a m e l   had  a  v i s c o s i t y   of   72  p o i s e s .  



REFERENCE  EXAMPLE  5 

The  f o l l o w i n g   c o m p o n e n t s   we re   c h a r g e d   in  a  

f l a s k .  

The  m i x t u r e   was  t r e a t e d   as  in   R e f e r e n c e   E x a m p l e   4  t o  

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

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

s t r a i g h t   a l k y l   g r o u p   h a v i n g   21  c a r b o n   a t o m s .   The  e n a m e l  

h a d   a  v i s c o s i t y   o f   69  p o i s e s .  

REFERENCE  EXAMPLE  6 

U n d e r   s t i r r i n g ,   t h e   t e m p e r a t u r e   of   t h e   m i x t u r e   w a s  

e l e v a t e d   to  140°C   a t   w h i c h   t e m p e r a t u r e   t h e   m i x t u r e   w a s  

s u b j e c t e d   to  r e a c t i o n   f o r   1 .5   h o u r s .   The  t e m p e r a t u r e   w a s  

f u r t h e r   i n c r e a s e d   at   a  r a t e   of  20°C  p e r   h o u r .   When  t h e  

t e m p e r a t u r e   r e a c h e d   2 0 0 ° C ,   t h e   r e a c t i o n   was  f u r t h e r  



c o n t i n u e d   f o r   one  h o u r   a t   t h a t   t e m p e r a t u r e .   T h r o u g h o u t  

t he   r e a c t i o n ,   x y l e n e   and  b y - p r o d u c t   ( m e t h a n o l )   w e r e  

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

t u b e .   T h e n ,   t he   m i x t u r e   was  c o o l e d   to  110°C  and  t h e  

f o l l o w i n g   c o m p o u n d s   were   a d d e d   to  t h e   r e a c t i o n   m i x t u r e :  

When  t he   t e m p e r a t u r e   of  t h e   m i x t u r e   was  i n c r e a s e d   a g a i n ,  

a  y e l l o w   p r e c i p i t a t e   was  f o r m e d   a t   a b o u t   120°C  and  t h e  

m i x t u r e   s o l i d i f i e d .   T h e n ,   t h e   m i x t u r e   was  h e l d   at  1 4 0 ° C  

f o r   30  m i n u t e s   w i t h o u t   s t i r r i n g ,   and  t h e r e a f t e r ,   i t   w a s  

h e a t e d   to  180°C  o v e r   a b o u t   one  h o u r .   T h r o u g h o u t   t h e  

r e a c t i o n ,   w a t e r   t h a t   was  p r o d u c e d   as  a  b y - p r o d u c t   w a s  

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

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

h e a t e d   to  230°C  o v e r   one  h o u r   u n d e r   s t i r r i n g ,   w h e r e u p o n  

i t   b e c a m e   t r a n s p a r e n t   and  i t s   v i s c o s i t y   i n c r e a s e d  

g r a d u a l l y .   The  r e a c t i o n   was  c o n t i n u e d   a t   230°C  f o r   2 

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

t h e   r e a c t i o n   was  f u r t h e r   c o n t i n u e d   f o r   one  h o u r .   T h e n ,  

t he   p r e s s u r e   in  t he   f l a s k   was  r e t u r n e d   to  a t m o s p h e r i c   a n d  

i m m e d i a t e l y   t h e r e a f t e r ,   c r e s o l   was  a d d e d   to  a c h i e v e   a  

r e s i n   c o n t e n t   of   a b o u t   35%.  The  r e a c t i o n   was  d i s c o n t i n -  

ued   and  the   m i x t u r e   was  d i s s o l v e d   in   c r e s o l .   Two  p a r t s  

by  w e i g h t   e a c h   of   t e t r a b u t y l   t i t a n a t e   and  z i n c   o c t a n o a t e  



( p e r   100  p a r t s   by  w e i g h t   of   t he   r e s i n )   was  a d d e d   to  m a k e  

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

v i s c o s i t y   o f   30  p o i s e s .  

REFERENCE  EXAMPLE  7 

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

f l a s k :  

U n d e r   s t i r r i n g ,   t h e   t e m p e r a t u r e   of   t h e   m i x t u r e   w a s  

e l e v a t e d   to  140°C  a t   w h i c h   t e m p e r a t u r e   i t   was  s u b j e c t e d  

to  r e a c t i o n   f o r   1 .5   h o u r s .   The  t e m p e r a t u r e   was  f u r t h e r  

i n c r e a s e d   a t   a  r a t e   of   20°C  p e r   h o u r .   When  t h e   t e m p e r a -  

t u r e   r e a c h e d   2 0 0 ° C ,   t h e   r e a c t i o n   was  f u r t h e r   c o n t i n u e d  

f o r   one  h o u r   a t   t h a t   t e m p e r a t u r e .   T h r o u g h o u t   t he   r e a c -  

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

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

t h e   m i x t u r e   was  c o o l e d   to  110°C  and  t h e   f o l l o w i n g  

c o m p o u n d s   w e r e   a d d e d   to  t h e   r e a c t i o n   m i x t u r e :  

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

a  y e l l o w   p r e c i p i t a t e   was  f o r m e d   at  a b o u t   120°C  and  t h e  
F 



m i x t u r e   s o l i d i f i e d .   T h e n ,   the   m i x t u r e   was  h e l d   at   1 4 0 ° C  

f o r   30  m i n u t e s   w i t h o u t   s t i r r i n g ,   and  t h e r e a f t e r ,   i t   w a s  

h e a t e d   to  180°C  o v e r   a b o u t   one  h o u r .   T h r o u g h o u t   t h e  

r e a c t i o n ,   w a t e r   t h a t   was  p r o d u c e d   as  a  b y - p r o d u c t   w a s  

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

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

h e a t e d   to  230°C  o v e r   one  h o u r   u n d e r   s t i r r i n g ,   w h e r e u p o n  

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

l y .   The  r e a c t i o n   was  c o n t i n u e d   at   230°C  f o r   2  h o u r s ,   a n d  

a f t e r   t h e   i n t e r i o r   of   t h e   f l a s k   was  e v a c u a t e d ,   t h e   r e a c -  

t i o n   was  f u r t h e r   c o n t i n u e d   f o r   one  h o u r .   T h e n ,   t h e   p r e s -  

s u r e   in   t h e   f l a s k   was  r e t u r n e d   to  a t m o s p h e r e   and  i m m e d i -  

a t e l y   t h e r e a f t e r ,   c r e s o l   was  a d d e d   to  a c h i e v e   a  r e s i n  

c o n t e n t   of  a b o u t   35%.  The  r e a c t i o n   was  d i s c o n t i n u e d   a n d  

t h e   m i x t u r e   was  d i s s o l v e d   in  c r e s o l .   Two  p a r t s   by  w e i g h t  

e a c h   of   t e t r a b u t y l  . t i t a n a t e   and  z i n c   o c t a n o a t e   ( p e r   1 0 0  

p a r t s   by  w e i g h t   of   t h e   r e s i n )   was  a d d e d   to  make  a  p o l y -  

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

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

a l k y l   g r o u p   h a v i n g   27  to  31  c a r b o n   a t o m s .   The  w i r e  

e n a m e l   had   a  v i s c o s i t y   of   44  p o i s e s .  

COMPARATIVE  EXAMPLES  1  TO  9  AND  EXAMPLES  1  TO  6 

The  w i r e   e n a m e l   c o m p o s i t i o n s   of   R e f e r e n c e  

E x a m p l e s   1  to  7  and  two  c o m m e r c i a l   p r o d u c t s   we re   a p p l i e d  

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

t i o n s   i n d i c a t e d   in  T a b l e   1  to  p r o d u c e   i n s u l a t e d   e l e c t r i c  

w i r e s .   The  c h a r a c t e r i s t i c s   of   t h e   w i r e s   a re   a l s o   i n d i -  

c a t e d   in  T a b l e   1 .  









T a b l e   1  c l e a r l y   shows   t h a t   t he   e n a m e l e d   w i r e s  

of   t he   p r e s e n t   i n v e n t i o n   had   f a r   b e t t e r   s e l f - l u b r i c a t i n g  

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

t h e   e n a m e l e d   w i r e s   of   t h e   p r e s e n t   i n v e n t i o n   had   b e t t e r  

m e c h a n i c a l   c h a r a c t e r i s t i c s   t h a n   t h e   s a m p l e s   of   C o m p a r a -  

t i v e   E x a m p l e s   2,  4  and  8  w h e r e i n   t he   w i r e   e n a m e l e d   c o a t -  

i n g   was  e n t i r e l y   made  of  t h e   l u b r i c a t i n g   w i r e   e n a m e l   c o a t .  

W h i l e   t h e   i n v e n t i o n   has   b e e n   d e s c r i b e d   i n  

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

t h e r e o f ,   i t   w i l l   be  a p p a r e n t   to  one  s k i l l e d   in   t h e   a r t  

t h a t   v a r i o u s   c h a n g e s   and  m o d i f i c a t i o n s   can  be  m a d e  

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

t h e r e o f .  



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

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

c o n d u c t o r   and  a  l u b r i c a t i n g   w i r e   e n a m e l   c o a t   f o r m e d   o n  

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

b e i n g   f o r m e d   by  a p p l y i n g   and  b a k i n g   a  w i r e   e n a m e l   c o m p o -  

s i 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  r e s i n   a t   l e a s t   o n e  

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

g r o u p   h a v i n g   21  or  more  c a r b o n   a t o m s .  

2 .  A n   e n a m e l e d   w i r e   as  c l a i m e d   in   C l a i m   1 ,  

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

a  s i n g l e   c y c l e   o f   a p p l i c a t i o n   and  b a k i n g   of   a  w i r e  

e n a m e l   c o m p o s i 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  r e s i n  

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

s t r a i g h t   a l k y l   g r o u p   h a v i n g   21  or  more  c a r b o n   a t o m s .  

3.  An  e n a m e l e d   w i r e   as  c l a i m e d   in   C l a i m   1 ,  

w h e r e i n   t he   t h i c k n e s s   of   t h e   l u b r i c a t i n g   i n s u l a t i o n   c o a t  

i s   n o t   more  t h a n   20%  o f   t h e   t o t a l   t h i c k n e s s   of   t h e   w i r e  

e n a m e l   c o a t i n g   o f   t h e   w i r e . -  

4.  An  e n a m e l e d   w i r e   as  c l a i m e d   i n  

C l a i m   1,  2  or  3,  f u r t h e r   c o m p r i s i n g   an  a d d i t i o n a l   w i r e  

e n a m e l   c o a t   on  s a i d   w i r e   e n a m e l   c o a t ,   s a i d   a d d i t i o n a l  

w i r e   e n a m e l   c o a t   b e i n g   t h e   o u t e r m o s t   w i r e   e n a m e l   c o a t  

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



5.  An  e n a m e l e d   w i r e   as  c l a i m e d   i n  

C l a i m   1,  2  or  3,  f u r t h e r   c o m p r i s i n g   a  p l u r a l i t y   o f  

a d d i t i o n a l   w i r e   e n a m e l   c o a t s   on  s a i d   w i r e   e n a m e l   c o a t ,  

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

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

e n a m e l   c o a t .  
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