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  A  method  of  coating  a  fibrous  material  tube  for  use  as 
electrical  insulation  which  comprises  applying  to  the  tube  a 
solventless  epoxy  resin  system  an  curing  the  resin.  The 
instertices  in  the  tube  are  sufficiently  small  that  they  do  not 
allow  full  impregnation  of  the  resin  through  to  the  inside  of 
the  tube  before  curing.  The  tube  is  preferably  knitted  on  a 
circular  knitting  machine  and  thus  may  be  produced  con- 
tinuously  and  coated  continuously  at  a  greater  speed  than 
was  hitherto  possible  with  graded  tubes  and  solvent  resin 
systems. 



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

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

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

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

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

e l a s t o m e r i c   c o m p o s i t i o n .   Common  e l a s t o m e r s   e m p l o y e d  

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

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

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

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

be  r e m o v e d .   T h i s   e n t a i l s   a  r e l a t i v e l y   l o n g   r e s i d e n c e  

t i m e   w i t h i n   an  oven   or  o t h e r   h e a t i n g   zone   f i r s t l y   t o  

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

e l a s t o m e r .   In  o r d e r   t o   k e e p   t h e   h e a t i n g   zone   down  t o   a  

r e a s o n a b l e   s i z e ,   i t   i s   t h e r e f o r e   n e c e s s a r y   to   e n s u r e   t h a t  

t h e   s l e e v i n g   p a s s e s   t h r o u g h   t h e   h e a t i n g   zone   a t   a  

r e l a t i v e l y   s l ow   r a t e ,   t y p i c a l l y   in  t h e   o r d e r   of   1  m e t e r  

pe r   m i n u t e .  

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

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

w h i c h   i s   v e r y   much  f a s t e r   t h a n   known  m e t h o d s .  

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

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

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



and   c u r i n g   t h e   r e s i n ,   t h e   i n t e r s t i c e s   in   t h e   t u b e   b e i n g  

s u f f i c i e n t l y   s m a l l   t h a t   t h e y   do  n o t   a l l o w   f u l l  

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

t u b e   b e f o r e   c u r i n g .  

o r   w o v e n  
The  t u b e   may  be  b r a i d e d  f r o m   f i b r o u s   m a t e r i a l s   b u t   i s  

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

p r o d u c e d   on  a  c i r c u l a r   k n i t t i n g   m a c h i n e .  

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

any  t e x t i l e   f i b r e ,   b u t   f o r   t h e  p r o p e r t i e s   of   h e a t  

r e s i s t a n c e   r e q u i r e d   f o r   e l e c t r i c a l   i n s u l a t i o n . i t   i s  

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

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

e m p l o y e d .  

C o n s e q u e n t l y   t h e   i n v e n t i o n   a l s o   p r o v i d e s   a  p r o c e s s   i n  

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

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

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

r e s i n   c u r e d .  

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

t o   be  p r o d u c e d   a t   a  much  f a s t e r   r a t e   t h a n   h i t h e r t o .   F o r  

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

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

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

o r d e r   of   15  m e t e r s   p e r   m i n u t e   can   be  o b t a i n e d   c o m p a r e d  

w i t h   c o n v e n t i o n a l   s p e e d s   of   a r o u n d   1  m e t e r   p e r   m i n u t e .  

Where   t h e   end  u s e   of   t h e   s l e e v i n g   i s   f o r   e l e c t r i c a l  

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



r e s i s t a n c e   r e q u i r e m e n t s .   Commonly  a  v o l t a g e   r e s i s t a n c e  

i n  e x c e s s   of   3000  v o l t s   i s   r e q u i r e d .   A c c o r d i n g   t o   t h e  

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

of   4000  v o l t s   i s   p r o d u c e d   w i t h   one  p a s s   t h r o u g h   t h e  

c o a t i n g   s y s t e m   and   c u r i n g   z o n e .   W i t h   t h e   c o n v e n t i o n a l  

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

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

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

In  o r d e r   to   p r o d u c e   t h e   v e r y   good  c o a t i n g   a c c o r d i n g   to   t h e  

i n v e n t i o n   w i t h   one   p a s s ,   t h e   k n i t t e d   t u b e   p r e s e n t e d   t o   t h e  

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

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

T h i s   w i l l   to   some  e x t e n t   d e p e n d   on  t h e   v i s c o s i t y   of  t h e  

r e s i n   s y s t e m   u s e d .  

One  m a r k e d   a d v a n t a g e   of   u s i n g   k n i t t e d   t u b e s   i s   t h a t   t h e y  

may  be  p r o d u c e d   b o t h   q u i c k l y   and  c o n t i n u o u s l y   in  i n d e f i n i t e  

l e n g t h s .   Thus  l o n g   r u n s   of  t u b e   may  be  c o a t e d   and  c u r e d  

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

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

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

i n c r e a s e d ,   and  t h e   r e s i n   s y s t e m   i s   i t s e l f   more   e x p e n s i v e  

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

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

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

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

to   be  o b t a i n e d   e x t r e m e l y   e c o n o m i c a l l y .  

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

w i t h   an  a c i d   p o l y e s t e r   h a r d n e r .   S u c h   s y s t e m s   a r e   s o l v e n t -  
l e s s   and  a r e   u s u a l l y   t w o - p a c k ,   b u t   n e e d   n o t   be  s o .  

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



EXAMPLE: 

A  f i b r o u s   m a t e r i a l   t u b e   was  p r o d u c e d   by  k n i t t i n g   on  a  

c i r c u l a r   k n i t t i n g   m a c h i n e   in   a  c o n t i n u o u s   m a n n e r   a  g l a s s  

f i b r e   y a r n .   The  b o r e   o f   t h e   t u b e   k n i t t e d   was  10  mm.  a r i d  

t h e   a v e r a g e   s i z e   o f   t h e   i n t e r s t i c e s   in   t h e   k n i t t e d  

s t r u c t u r e   was  0 .1   x  0 .2   mm. 

To  t h e   k n i t t e d   t u b e   was  a p p l i e d   a  s o l v e n t l e s s   e p o x y   r e s i n  

and  h a r d n e r   s y s t e m   MS  7323  and  MS  7108  ( C i b a   G e i g y )   u n d e r  

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

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

c u r e d   by  p a s s i n g   i t   t h r o u g h   an  o v e n   m a i n t a i n e d   a t   300°   C 

a t   a  r a t e   of   1 2 m / m i n u t e .  

The  p r o d u c t   so  p r o d u c e d   was  f o u n d   t o   be  e v e n l y   c o a t e d ,  

f l e x i b l e ,   and  w i t h   no  s t r i k e   t h r o u g h   o f   t h e   r e s i n   i n t o  

t h e   b o r e   o f   t h e   t u b e .   O t h e r   p r o p e r t i e s   o f   t h e   p r o d u c t  

w e r e   as   f o l l o w s :  

The  p r o d u c t   was  p r o d u c e d   c o n t i n u o u s l y   i n   l o n g   r u n s   a n d  

t h e r e a f t e r   c u t   i n t o   l e n g t h s   and  wound   on  s t a n d a r d   r e e l s .  



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

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

r e s i n   s y s t e m   and   c u r i n g   t h e   r e s i n ,   t h e   i n t e r s t i c e s   i n  

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

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

t h e   t u b e   b e f o r e   c u r i n g .  

2 . . A   m e t h o d   as  c l a i m e d   in   c l a i m   1  in   w h i c h   t h e   t u b e  

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

3.  A  m e t h o d   as  c l a i m e d   in   c l a i m   2  in   w h i c h   t h e   t u b e  

i s   k n i t t e d   on  a  c i r c u l a r   k n i t t i n g   m a c h i n e .  

4.  A  m e t h o d   as  c l a i m e d   in  a n y  o n e   o f   c l a i m s   1  to   3 

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

h e a t .  

5.  A  m e t h o d   as  c l a i m e d   in   c l a i m   4  . i n   w h i c h   t h e  

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

6 .  A  m e t h o d   as  c l a i m e d   i n   a n y  o n e   of   c l a i m s   1  to   5 

in   w h i c h   t h e   i n t e r s t i c e s   in   t h e  t u b e   a r e   no  g r e a t e r   t h a n  

0 . 0 1   x  0 . 0 2   mm. 

7.  A  m e t h o d   as  c l a i m e d   in   any  one  of   c l a i m s   1  to   6 

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

w i t h   an  a c i d   p o l y e s t e r   h a r d e n e r .  

8 .  A   m e t h o d   as  c l a i m e d   in  any  o n e  o f   c l a i m s   1  to   7 

in  w h i c h   c u r i n g   t a k e s   p l a c e   by  h e a t i n g   in  an  oven   in  a  



c o n t i n u o u s   m a n n e r .  

9.  A  m e t h o d   as   c l a i m e d   in  c l a i m   8  in   w h i c h   t h e  

o v e n   i s   m a i n t a i n e d   a t   a  t e m p e r a t u r e   o f   a b o u r   300°   C.  

10.  A  m e t h o d   as   c l a i m e d  i n   any  o f   c l a i m s  1   t o   9  i n  

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

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