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@  High  voltage  electrical  apparatus. 

  Electrical  apparatus  in  which  a  body  of  insulating  material 
is  subjected  to  an  electrical  stress  along  its  surface  of  at  least 
104  V/m  is  distinguished  in  that  the  body  comprises  parti- 
culate  calcium  carbonate  dispersed  in  a  compatible  thermo- 
plastic  or  elastomeric  matrix  based  on  a  carbon-chain  polymer. 
Surprisingly  this  inexpensive  white  and  apparently  inert  filler  is 
capable  of  providing  compositions  that  have  a  failure  voltage 
(according  to  the  tracking  resistance  test  set  out  in  ASTM 
specification  D-2303)  of  3.0  kV  and  above. 



T h i s   i n v e n t i o n   r e l a t e s   to   e l e c t r i c a l   a p p a r a t u s  

in  w h i c h   a  b o d y   of   i n s u l a t i n g   m a t e r i a l   i s   s u b j e c t e d   to  a n  

e l e c t r i c a l   s t r e s s   a l o n g   i t s   s u r f a c e   of   a t   l e a s t  
4  

10  V / m .  

The  use   of   p l a s t i c s   m a t e r i a l s   f o r   s u c h  b o d i e s ,  

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

l i a b i l i t y   o f   many  s u c h   m a t e r i a l s   to   f a i l u r e   by  " t r a c k i n g "  

( t h e   f o r m a t i o n   o f   c o n d u c t i v e   p a t h s   by  c a r b o n i s a t i o n   of   t h e  

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

e r o s i o n ,   or  f l a m e .  

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

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

of   f l e x i b l e   m a t e r i a l s   i s   v e r y   l i m i t e d ;   t h e   m o s t   p o p u l a r  

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

e x p e n s i v e   m a t e r i a l s   b a s e d   on  t h e   use   of   a l u m i n a   t r i h y d r a t e  

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

i r o n   ( I I I )   o x i d e   ( w h i c h   p r e s u m a b l y   c a t a l y s e s   some  r e a c t i o n  

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

f i l l e r   l i m i t   p h y s i c a l   p r o p e r t i e s   t h a t   can  be  a c h i e v e d ,  

w h e r e a s   i r o n   ( I I I )   o x i d e   i m p a r t s   an  u n d e s i r a b l e   i n t r i n s i c  

c o l o u r .  

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

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

m a t e r i a l   i s   s u b j e c t e d   t o  a n   e l e c t r i c a l   s t r e s s   a l o n g   i t s  
4  

s u r f a c e   of   a t   l e a s t   1 0  V / m  i s  d i s t i n g u i s h e d   by  t h e   f a c t  

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

d i s p e r s e d   in  a  c o m p a t i b l e   t h e r m o p l a s t i c   or  e l a s t o m e r i c  

c a r b o n - c h a i n   p o l y m e r   m a t r i x   in  an  a m o u n t   s u f f i c i e n t   t o  



r a i s e   t h e   f a i l u r e   v o l t a g e   o f   t h e   b o d y   (as   d e t e r m i n e d   b y  

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

s p e c i f i c a t i o n   D - 2 3 0 3 )   t o  a  v a l u e   n o t   l e s s   t h a n   3 . 0   k V .  

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

b r e a k d o w n   v o l t a g e s   in   t h e   r a n g e   4 - 6 . 2   kV  h a v e   b e e n  

a t t a i n e d ;   i t   i s   e n t i r e l y   s u r p r i s i n g   t h a t   s u c h   e x c e l l e n t  

t r a c k i n g   r e s i s t a n c e   c an   be  a c h i e v e d   by   t h e   use   of   a n  

i n e x p e n s i v e ,   w h i t e   and  a p p a r e n t l y   i n e r t   f i l l e r .  

C o m m e r c i a l l y   a v a i l a b l e   f i l l e r   g r a d e s   o f   c a l c i u m  

c a r b o n a t e ,   w h i c h   g e n e r a l l y   h a v e   a  mean  p a r t i c l e   s i z e   i n  

t h e   r a n g e   0 . 0 1  -   50  m i c r o m e t r e   ( b u t   p r e f e r a b l y   b e l o w  

10  m i c r o m e t r e )   can   be   u s e d ,   and  c o m p a r a b l e   r e s u l t s   a r e  

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

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

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

on  p h y s i c a l   p r o p e r t i e s .  

The  p o l y m e r   m a t r i x   may  be  o f   any   c a r b o n - c h a i n  

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

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

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

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

r e q u i r e d   to   a c h i e v e   t h e   s p e c i f i e d   t r a c k i n g   r e s i s t a n c e ,  

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

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

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

and  o t h e r   c a r b o x y l i c   g r o u p s .   T y p i c a l   p r e f e r r e d   p o l y m e r s  

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

a c e t a t e ,   e t h y l   a c r y l a t e ,   m e t h y l   a c r y l a t e ,   b u t y l   a c r y l a t e  

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



w e l l   as  e t h y l e n e - p r o p y l e n e   c o p o l y m e r   r u b b e r s   and  e t h y l e n e -  

p r o p y l e n e - d i e n e   t e r p o l y m e r   r u b b e r s   can   a l s o   be  u s e d .  

The  m i n i m u m   l o a d i n g   r e q u i r e d   and  t h e   m a x i m u m  

a c c e p t a b l e   w i l l   v a r y   to   some  e x t e n t   w i t h   t h e   t y p e   o f  

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

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

h o w e v e r   a  l o a d i n g   of   a t   l e a s t   40  p a r t s   by  w e i g h t   f o r   e a c h  

h u n d r e d   p a r t s   by  w e i g h t   of   p o l y m e r   m a t r i x   ( h e r e i n a f t e r  

a b b r e v i a t e d   to   p h r )   w i l l   be  n e e d e d   to  a c h i e v e   t h e   d e f i n e d  

t r a c k i n g   r e s i s t a n c e   and   a  l o a d i n g   o v e r   120  ph r   i s   l i k e l y  

t o   r e s u l t   in  p o o r   m e c h a n i c a l   p r o p e r t i e s .   5 0 - 9 0   p h r   i s  

u s u a l l y   r e c o m m e n d e d   and   80  p h r   may  be  c o n s i d e r e d   a  

s t a r t i n g   p o i n t   f o r   o p t i m i s a t i o n .  

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

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

a  c o u p l i n g   a g e n t ,   s u c h   as   a  s i l a n e   or  t i t a n a t e ,   or  a n  

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

The  p o l y m e r i c   m a t r i x   may  h a v e   b e e n   c r o s s l i n k e d ,  

p r e f e r a b l y   by  i r r a d i a t i o n ,   w i t h   or  w i t h o u t   t h e   use   o f  

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

t r i m e t h a c r y l a t e ,   e t h y l e n e   g l y c o l   d i m e t h a c r y l a t e ,   o r  

t r i a l l y l   t r i m e l l i t a t e ) ;   c o n v e n t i o n a l   c r o s s l i n k i n g  

r e a g e n t s ,   e . g .   p e r o x i d e s ,   can  u s u a l l y   be  u s e d  

a l t e r n a t i v e l y ,   w i t h   or  w i t h o u t   t h e   same  t y p e   of  p r o m o t e r .  

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

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

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

m i n i m u m ;   a c t i v e   f i l l e r s   s u c h   as  a l u m i n a   t r i h y d r a t e ,  

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



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

( p r o v i d e d   t h e   t o t a l   l o a d i n g   i s   n o t   t h e r e b y   made  e x c e s s i v e )  

and  i n e r t   f i l l e r s   s u c h   as  s i l i c a   f l o u r   or  t a l c   up  to  a b o u t  

20  p h r   ( s u b j e c t   to   t h e   same  p r o v i s o ) .  

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

may  be  p r e s e n t ,   i m p o r t a n t   e x a m p l e s   b e i n g   a n t i o x i d a n t s ,  

U.V.   s t a b i l i s e r s ,   f l a m e   r e t a r d a n t s   and  p r o c e s s i n g   a i d s .  

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

as  some  ( n o t a b l y   t i t a n i u m   d i o x i d e )   h a v e   a  d e l e t e r i o u s  

e f f e c t   o n  t r a c k i n g   p r o p e r t i e s .  

F o r m u l a t i o n s   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  

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

e x t r u d e d   and  i n j e c t i o n   m o u l d e d   c o m p o n e n t s   f o r   i n s u l a t o r s ,  

c a b l e   j o i n t s   and  t e r m i n a t i o n s   ( i n c l u d i n g   h e a t - s h r i n k a b l e  

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

o v e r l o a d   c u t - o u t s .  

E x a m p l e s   1 - 1 3  

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

i n v e n t i o n ;   in   a l l   c a s e s   t h e   c o m p o s i t i o n   was  m o u l d e d   i n t o  

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

c r o s s l i n k e d   by  i r r a d i a t i o n   a t   200  kGy  (20  Mrad)   and  t e s t e d  

f o r   t r a c k i n g   r e s i s t a n c e   a c c o r d i n g   to   ASTM  D - 2 3 0 3 :  







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

as  f o l l o w s : -  

S n o w c a l   7ML  i s   a  s u p e r f i n e   w h i t i n g   g r a d e   o f  

n a t u r a l   c a l c i u m   c a r b o n a t e   w i t h   a  mean  p a r t i c l e   s i z e   o f   2 . 9  

m i c r o m e t r e   and  a  p a r t i c l e   d i s t r i b u t i o n   (by  s i e v i n g )   a s  

f o l l o w s :  

f i n e r   t h a n   25  m i c r o m e t r e s  -   p r a c t i c a l l y   100% 

f i n e r   t h a n   20  m i c r o m e t r e s  -   99% 

f i n e r   t h a n   10  m i c r o m e t r e s  -   95% 

f i n e r   t h a n   5  m i c r o m e t r e s  -   75% 

f i n e r   t h a n   3  m i c r o m e t r e s  -   53% 

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

w i t h   a  n o m i n a l   p a r t i c l e   s i z e   o f   75  nm,  s u r f a c e   c o a t e d   w i t h  

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

d i s p e r s i o n .  

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

p a s s i n g   100%  t h r o u g h   No.  200  B r i t i s h   S t a n d a r d   m e s h .  

In  t h e   T a b l e ,   ( t )   d e n o t e s   u l t i m a t e   b r e a k d o w n   b y  

t r a c k i n g   and  ( f )   u l t i m a t e   b r e a k d o w n   by  f l a m i n g ;   in  o t h e r  

c a s e s   t h e   mode  of   u l t i m a t e   b r e a k d o w n   has   no t   y e t   b e e n  

d e t e r m i n e d .  

E x a m p l e   1 4  

In   a  f u r t h e r   e x a m p l e ,   a  c o m m e r c i a l l y   a v a i l a b l e  

m a t e r i a l   ( s o l d   in  t h e   UK  by  BXL  P l a s t i c s   L i m i t e d   u n d e r   t h e  

d e s i g n a t i o n   BP  D  2979  FR)  a n a l y s i n g   as  1 0 0  p a r t s   e t h y l e n e -  

e t h y l   a c r y l a t e   p o l y m e r ,   80  p a r t s   of   a  n a t u r a l   c a l c i u m  

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

a p p r o x i m a t e l y   0 . 5 - 2   m i c r o m e t r e ) ,   s m a l l   a m o u n t   of  F l e c t o l   H ,  

was  m o u l d e d   i n t o   s i m i l a r   s h e e t   i n s u l a t o r s .   C o m p a r a b l e  



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

e r o s i o n   i n c e p t i o n   v o l t a g e ,   3 . 5   k V  

u l t i m a t e   b r e a k d o w n   v o l t a g e   (by  f l a m i n g )   6 . 2 5   k V  

The  c o m p o s i t i o n s   o f   E x a m p l e s   1 - 1 1   and  14  a r e  

e x t r u d a b l e   p r i o r   to   c r o s s l i n k i n g ;   some  a r e   u s e f u l   f o r  

h e a t - s h r i n k   a p p l i c a t i o n s   when  c r o s s l i n k e d .  



1.  E l e c t r i c a l   a p p a r a t u s   in  w h i c h   a  b o d y   o f  

i n s u l a t i n g   m a t e r i a l   i s   s u b j e c t e d   to   an  e l e c t r i c a l   s t r e s s  
4  

a l o n g   i t s   s u r f a c e   of   a t   l e a s t   10  V/m  c h a r a c t e r i s e d  i n  

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

d i s p e r s e d   in  a  c o m p a t i b l e   t h e r m o p l a s t i c   or  e l a s t o m e r i c  

c a r b o n - c h a i n   p o l y m e r   m a t r i x   in  an  a m o u n t   s u f f i c i e n t   t o  

r a i s e   t h e   f a i l u r e   v o l t a g e   of   t h e   b o d y   as  d e t e r m i n e d   by  t h e  

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

s p e c i f i c a t i o n   D - 2 3 0 3   t o   a  v a l u e   n o t   l e s s   t h a n   3 . 0   k V .  

2.  E l e c t r i c a l   a p p a r a t u s   as  c l a i m e d   in   C l a i m   1  i n  

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

s i d e - c h a i n   h e t e r o - a t o m s .  

3.  E l e c t r i c a l   a p p a r a t u s   as  c l a i m e d   in   C l a i m   1  i n  

w h i c h   t h e   p o l y m e r   m a t r i x   i s   s e l e c t e d   f rom  t h e   s e m i -  

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

e t h y l   a c r y l a t e ,   m e t h y l   a c r y l a t e ,   b u t y l   a c r y l a t e   a n d  

a c r y l i c   a c i d .  
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