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(54)  Conductive  polymer  compositions  containing  fillers. 
The  invention  relates  to  conductive  polymer  composi- 

tions  comprising  carbon  black  or  graphite  dispersed  in  a 
polymer.  The  compositions  of  the  invention  further  comprise 
an  arc-controlling  additive  such  as  alumina  trihydrate.  Such 
compositions have  improved  performance  when  subjected to 
electrical  stress  and  are, therefore,  particularly  useful  in  circuit 
protection  devices. 



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

c o m p o s i t i o n s   and  d e v i c e s   c o n t a i n i n g   t hem,   e s p e c i a l l y  

c i r c u i t   p r o t e c t i o n   d e v i c e s .  

C o n d u c t i v e   and  s e m i - c o n d u c t i v e   c o m p o s i t i o n s  

c o m p r i s i n g   c a r b o n   b l a c k   d i s p e r s e d   in  a  p o l y m e r   a re   k n o w n .  

They  may  have  room  t e m p e r a t u r e   r e s i s t i v i t i e s   r a n g i n g   f r o m  

l e s s   t h a n   1  ohm.cm  to  108  ohm.cm  or  more ,   and  may 

e x h i b i t   p o s i t i v e   t e m p e r a t u r e   c o e f f i c e n t   (PTC)  b e h a v i o r ,  

z e r o   t e m p e r a t u r e   c o e f f i c i e n t   (ZTC  or  c o n s t a n t   w a t t a g e )  

b e h a v i o r   or  n e g a t i v e   t e m p e r a t u r e   c o e f f i c i e n t   (NTC)  b e h a v i o r .  

R e f e r e n c e   may  be  made,   fo r   e x a m p l e ,   to  U.S.   P a t e n t   N o s .  

2 , 9 7 8 , 6 6 5 ,   3 , 2 4 3 , 7 5 3 ,   3 , 3 5 1 , 8 8 2 ,   3 , 8 2 3 , 2 1 7 ,   3 , 8 6 1 , 0 2 9 ,  

3 , 9 5 0 , 6 0 4 ,   4 , 0 1 7 , 7 1 5 ,   4 , 1 7 7 , 3 7 6   and  4 , 2 4 6 , 4 6 8 ,   to  G e r m a n  

OLS  Nos.  2 , 4 1 3 , 4 7 5 ,   2 , 7 4 6 , 6 0 2 ,   2 , 7 5 5 , 0 7 6   and  2 , 8 2 1 , 5 7 0 ,   t o  

J.  A p p l i e d   P o l y m e r   S c i e n c e   19,  8 1 3 - 8 1 5   ( 1 9 7 5 ) ,   K l a s o n   a n d  

K u b a t ,   and  to  P o l y m e r   E n g i n e e r i n g   and  S c i e n c e   18  6 4 9 - 6 5 3  

( 1 9 7 8 ) ,   N a r k i s   et  a l .   R e c e n t   a d v a n c e s   in  t h i s   f i e l d   a r e  

d e s c r i b e d   in  German  OLS  Nos.  2 , 9 4 8 , 3 5 0 ,   2 , 9 4 8 , 2 8 1 ,   2 , 9 4 9 , 1 7 3  

and  3 , 0 0 2 , 7 2 1 ,   in  t he   a p p l i c a t i o n s   c o r r e s p o n d i n g   to  U . S .  

S e r i a l   Nos.  4 1 , 0 7 1   ( M P 0 2 9 5 ) ,   6 7 , 2 0 7   (MP0299)   and  8 8 , 3 4 4  

( M P 0 7 0 1 ) ,   and  in  the   a p p l i c a t i o n s   f i l e d   c o n t e m p o r a n e o u s l y  

w i t h   t h i s   a p p l i c a t i o n   c o r r e s p o n d i n g   to  U.S .   S e r i a l   N o s .  

1 4 1 , 9 8 4   ( M P 0 7 1 2 ) ,   1 4 1 , 9 8 7   ( M P 0 7 1 3 ) ,   1 4 1 , 9 8 8   ( M P 0 7 1 4 ) ,  

1 4 1 , 9 9 1   ( M P 0 7 2 0 ) ,   1 4 2 , 0 5 3   (MP0724)   and  1 4 2 , 0 5 4   ( M P 0 7 2 5 ) .  



In  r e c e n t   r e s e a r c h   i n t o   the   use  of  c i r c u i t  

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

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

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

f a u l t   c o n d i t i o n s   in  which   the   d e v i c e   was  s u b j e c t e d   to  a 

c o m b i n a t i o n   of  h i g h   c u r r e n t   and  h i g h   v o l t a g e .   We  h a v e  

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

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

c o n t a i n i n g   c a r b o n   b l a c k   or  g r a p h i t e   as  the   s o l e   c o n d u c t i v e  

f i l l e r ,   can  be  m a r k e d l y   i m p r o v e d   by  a d d i n g   to  such   c o m p o -  

s i t i o n s   one  or  more  of  t he   a d d i t i v e s   which   have  p r e v i o u s l y  

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

i n s u l a t i n g   c o m p o s i t i o n s .   A l t h o u g h   i t   i s   not   e n t i r e l y  

c l e a r   p r e c i s e l y   why  such  a d d i t i v e s   have  t h i s   v a l u a b l e  

e f f e c t ,   t h e y   are   r e f e r r e d   to  h e r e i n   as  a r c - c o n t r o l l i n g  

a d d i t i v e s .   I t   is   t h o u g h t   t h a t   t h e i r   e f f i c a c y   i s   p r o b a b l y  

d u e ,  a t   l e a s t   in  p a r t ,   to  t h e i r   a b i l i t y   to  e x t i n g u i s h   a r c s  

a f t e r   t h e y   have   been   f o r m e d ,   bu t   the   a d d i t i v e s   may  a l s o  

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

form  a r c s   in  t he   f i r s t   p l a c e .   In  any  e v e n t ,   i t   i s   to  b e  

n o t e d   t h a t   t h e   p r i o r   use  of  t h e s e   a d d i t i v e s ,   which   h a s  

been   to  e x t i n g u i s h   a r c s   on  t h e   c o n t a m i n a t e d   s u r f a c e   of  a n  

e l e c t r i c a l   i n s u l a t o r ,   i n v o l v e s   a  ve ry   d i f f e r e n t   s i t u a t i o n  



from  t h e  p r e s e n t   o n e ,   where   t he   a d d i t i v e s   a re   e f f e c t i v e   i n  

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

w e l l   as  at  the   s u r f a c e   t h e r e o f ) .  

In  one  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  c o n d u c t i v e  

p o l y m e r   c o m p o s i t i o n   which   has  a  r e s i s t i v i t y   at  23°C  of  l e s s  

t h a n   106  ohm.  cm  and  wh ich   c o m p r i s e s  

(a)   a  p o l y m e r   c o m p o n e n t   which   is  p r e s e n t   i n  

amount   20  to  91%  by  vo lume   of  t he   c o m p o s i t i o n ;  

(b)  a  c o n d u c t i v e   f i l l e r   c o m p o n e n t   which   c o n s i s t s  

e s s e n t i a l l y   of  c a r b o n   b l a c k   or  g r a p h i t e   or  a 

m i x t u r e   of  c a r b o n   b l a c k   and  g r a p h i t e ,   which   i s  

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

p r e s e n t   in  amount   4  to  65%  by  vo lume  of  t h e  

c o m p o s i t i o n ;   a n d  

(c)  an  a r c - c o n t r o l l i n g   a d d i t i v e   which   is   d i s t r i b -  

u t e d   in  s a i d   p o l y m e r   c o m p o n e n t   and  which   i s  

e f f e c t i v e   in  r e d u c i n g   the   s u s c e p t i b i l i t y   of  t h e  

c o m p o s i t i o n  t o   damage.  when  s u b j e c t e d   to  e l e c t r i c a l  

s t r e s s   s u f f i c i e n t   to  c a u s e   a r c i n g   in  the   a b s e n c e  

of  s a i d   a d d i t i v e .  

In  a n o t h e r   a s p e c t   the   i n v e n t i o n   p r o v i d e s   an  

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

which   c o m p r i s e s :  



(a)  an  e l e m e n t   c o m p o s e d   of  a  c o n d u c t i v e   p o l y m e r  

c o m p o s i t i o n   as  d e f i n e d   a b o v e ,   a n d  

(b)  at  l e a s t   two  e l e c t r o d e s   which   can  b e  

c o n n e c t e d   to  a  s o u r c e   of  e l e c t r i c a l   power   a n d  

w h i c h ,   when  so  c o n n e c t e d ,   c a u s e   c u r r e n t   to  f l o w  

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

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

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

c a t i o n s   c o r r e s p o n d i n g   to  U.S.   S e r i a l   Nos.  1 4 1 , 9 8 7 ,   1 4 2 , 0 5 3  

and  1 4 2 , 0 5 4   (MP0713 ,   MP0724  and  M P 0 7 2 5 ) .  

The  c o m p o s i t i o n s   may  e x h i b i t   PTC,  ZTC,  or  NTC 

b e h a v i o r ;   for   e x a m p l e   any  of  the   c o m p o s i t i o n s   d i s c l o s e d   i n  

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

may  be  m o d i f i e d   by  the   i n c l u s i o n   of  at  l e a s t   one  a r c -  

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

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

low  r e s i s t i v i t i e s   at  23°C,   eg.   be low  20  ohm.  cm,  p r e f e r a b l y  

b e l o w   10  ohm.  cm,  e s p e c i a l l y   be low  2  ohm.  cm,  wh ich   a r e  

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

The  p r e f e r r e d   a r c - c o n t r o l l i n g   a d d i t i v e s   fo r   use  i n  

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

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



P a r t i c u l a r l y   good  r e s u l t s   have   been   o b t a i n e d   u s i n g   a l u m i n a  

t r i h y d r a t e ,   Al203   3N2O.  O t h e r   i n o r g a n i c   m a t e r i a l s  

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

The  c o n d u c t i v e   f i l l e r   and  t he   a r c - c o n t r o l l i n g  

a d d i t i v e   p r e f e r a b l y   have  a  t o t a l   s u r f a c e   a r e a   of  at  l e a s t  

1 , 8 0 0 ,   e s p e c i a l l y   at  l e a s t   3 , 0 0 0 ,   p a r t i c u l a r l y   at  l e a s t  

4 , 0 0 0 ,   m2 /cc   of  c o m p o s i t i o n ,   w i t h   h i g h e r   v a l u e s ,   eg.   a t  

l e a s t   8 , 0 0 0   m 2 / c c ,   at  l e a s t   1 0 , 0 0 0   m 2 / c c   and  at  l e a s t  

1 2 , 0 0 0   m2 /cc   b e i n g   p a r t i c u l a r l y   p r e f e r r e d .  

The  c o m p o s i t i o n   s h o u l d   c o n t a i n   an  e f f e c t i v e  

amoun t   of  the   a r c - c o n t r o l l i n g   a d d i t i v e ,   t y p i c a l l y   5  to  6 5 % ,  

p r e f e r a b l y   10  to  35%,  by  v o l u m e   of  the   c o m p o s i t i o n .  

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

a d d i t i v e s   which   a re   known  to  e n h a n c e   the  e f f e c t i v e n e s s  

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

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

c o m p o u n d s   d i s c l o s e d   in  B r i t i s h   P a t e n t   No.  1 , 5 7 5 , 4 6 5   and  t h e  

o x i d e s   of  e l e m e n t s   of  t he   t r a n s i t i o n   s e r i e s ,   l a n t h a n i d e  

s e r i e s   or  n o n - t r a n s u r a n i c   a c t i n i d e   s e r i e s   d i s c l o s e d   i n  

B r i t i s h   P a t e n t s   Nos.  1 , 3 3 7 , 9 5 1   and  1 , 3 3 7 , 9 5 2 .  



The  c o n d u c t i v e   f i l l e r   in  the   c o m p o s i t i o n   p r e f e r -  

a b l y   c o n s i s t s   e s s e n t i a l l y   of  at  l e a s t   one  c a r b o n   b l a c k .  

The  c a r b o n   b l a c k   i s   s e l e c t e d   w i t h   a  view  to  t he   e l e c t r i c a l  

c h a r a c t e r i s t i c s   d e s i r e d   in  t he   c o m p o s i t i o n ,   as  t a u g h t  

by  t h e   v a r i o u s   p a t e n t s   and  a p p l i c a t i o n s   r e f e r r e d   to  a b o v e .  

Thus  fo r   low  r e s i s t i v i t y   PTC  c o m p o s i t i o n s ,   the   c a r b o n  

b l a c k   p r e f e r a b l y   has  a  p a r t i c l e   s i z e ,   D,  which   i s   f r o m  

20  to  50  m i l l i m i c r o n s   and  a  s u r f a c e   a r e a ,   S  in  m 2 / g  

s u c h   t h a t   S/D  i s   not   more  t h a n   1 0 .  

When  u s i n g   such   a  c a r b o n   b l a c k ,   p r e f e r a b l y   the   q u a n t i t y  

i s   l e s s   t h a n   1 .  

The  p o l y m e r   c o m p o n e n t   in  the   c o m p o s i t i o n ,   w h i c h  

may  c o m p r i s e   one  or  more  p o l y m e r s ,   p r e f e r a b l y   has   a  c r y s t a l -  

l i n i t y   of  at  l e a s t   1%,  e s p e c i a l l y   at  l e a s t   5%,  p a r t i c u l a r l y  

at  l e a s t   10%.  P r e f e r a b l y   the   p o l y m e r   c o m p o n e n t   c o n s i s t s  

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

from  p o l y o l e f i n s   and  c o p o l y m e r s   of  at  l e a s t   one  o l e f i n   a n d  

at  l e a s t   one  p o l a r   comonomer   c o p o l y m e r i s a b l e   t h e r e w i t h ,  

eg.   p o l y e t h y l e n e   or  p o l y p r o p y l e n e .   O t h e r   s u i t a b l e   p o l y m e r s  

are   r e f e r r e d   to  in  the   p a t e n t s   and  a p p l i c a t i o n s   r e f e r r e d   t o  

a b o v e .  



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

c r o s s - l i n k i n g   or  may  be  c r o s s - l i n k e d ,   eg.   to  a  g e l  

f r a c t i o n   of  at  l e a s t   0 .4   or  0 . 6 .   For  some  p u r p o s e s ,  

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

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

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

when  a r c i n g   t a k e s   p l a c e .  

The  c o m p o s i t i o n   can  be  p r e p a r e d   by  d i s p e r s i n g  

the   c a r b o n   b l a c k   or  g r a p h i t e ,   the   a r c - c o n t r o l l i n g   a d d i t i v e  

and  any  o t h e r  a d d i t i v e s   in  t he   p o l y m e r   c o m p o n e n t   in  a n y  

s u i t a b l e   way.  The  c o m p o s i t i o n   can  be  s h a p e d   by  m o l d i n g  

or  e x t r u s i o n   or  a n o t h e r   m e l t - s h a p i n g   t e c h n i q u e   i n t o   an  

e l e m e n t   of  t he   d e s i r e d   s h a p e ,   any  c r o s s - l i n k i n g   t h e r e o f  

b e i n g   c a r r i e d   out   a f t e r   such   s h a p i n g .  

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

a  c r y s t a l l i n e   p o l y m e r   c o m p o n e n t ,   at  l e a s t   4%  by  v o l u m e  

of  c a r b o n   b l a c k   and  at  l e a s t   4%  by  vo lume  of  a  n o n -  

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

of  t h e   c a r b o n   b l a c k   and  f i l l e r   b e i n g   at  l e a s t   1800  m 2 / c c  

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

p o r a n e o u s l y   f i l e d   a p p l i c a t i o n   c o r r e s p o n d i n g   to  U.S.   S e r i a l  

Nos.  1 4 1 , 9 8 4   and  1 4 1 , 9 8 8   (MP0712  and  M P 0 7 1 4 ) .  



The  i n v e n t i o n   is   i l l u s t r a t e d   by  the   f o l l o w i n g  

E x a m p l e s .  

E x a m p l e  1  

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

the   T a b l e   1  be low  were  used   in  t h i s   E x a m p l e .  



The  i n g r e d i e n t s   for   t he   m a s t e r   b a t c h   were   d r y  

b l e n d e d   and  t h e n   m i x e d   fo r   8  m i n u t e s   in  a  B a n b u r y   m i x e r  

t u r n i n g   at  h i g h   g e a r .   The  m i x t u r e   was  dumped,   c o o l e d   a n d  

g r a n u l a t e d .   The  f i n a l   mix  was  p r e p a r e d   by  dry  b l e n d i n g  

948  g  of  the   H y d r a l   705  w i t h   2439  g.  of  the   m a s t e r   b a t c h  

m i x t u r e ,   and  t h e n   m i x i n g   t he   dry  b l e n d   for  4-5  m i n u t e s  

in  a  B a n b u r y   m i x e r   t u r n i n g   at  h i g h   g e a r .   The  m i x t u r e   was  

d u m p e d ,   c o o l e d ,   g r a n u l a t e d   and  d r i e d   ( a t   70°C,   1  To r r   f o r  

16  h o u r s ) .  

The  g r a n u l a t e d   f i n a l   mix  was  me l t   e x t r u d e d   i n  

the   form  of  a  s t r i p   a b o u t   1 . 2 7   cm  wide  and  a b o u t   0 . 2 7   cm 

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

20  AWG  ( d i a m e t e r   0 . 0 9 5   cm)  1 9 / 3 2   s t r a n d e d   n i c k e l - p l a t e d  

c o p p e r   w i r e s   whose  c e n t e r s   were  0 .6  cm  a p a r t .   The  

e x t r u d e d   p r o d u c t   was  cu t   i n t o   2.5  cm  l e n g t h s ,   and  t h e  

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

p r o d u c e   a  c i r c u i t   c o n t r o l   d e v i c e   as  shown  in  F i g u r e  4   o f  

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

U.S.   S e r i a l   No.  1 4 2 , 0 5 3   ( M P 0 7 2 4 ) .  

E x a m p l e s   2 - 4  

The  i n g r e d i e n t s   used   in  t h e s e   E x a m p l e s   and  t h e  

a m o u n t s   t h e r e o f   a re   shown  in  T a b l e   2  b e l o w .   The  a n t i o x i -  

d a n t   is  as  s p e c i f i e d   in  T a b l e   1.  S t e r l i n g   NS  and  S t e r l i n g  



SO  a r e   a v a i l a b l e   from  C a b o t ,   H y d r a l   705  from  A l c a n ,  

M a g l i t e   D  from  M e r c k ,   and  Kadox  15  from  Gu l f   and  W e s t e r n ,  

and  t h e y   have   the   f o l l o w i n g   p r o p e r t i e s  

In  E x a m p l e   2,  the   M a s t e r   B a t c h   i n g r e d i e n t s   w e r e  

b l e n d e d   in  a  p r e - h e a t e d   B a n b u r y   m i x e r ,   and  the   m i x t u r e  

d u m p e d ,   c o o l e d   and  g r a n u l a t e d .   67  g.  of  the   g r a n u l a t e d  

m i x t u r e   was  b a n d e d   on  a  7 .6  cm  e l e c t r i c   r o l l   m i l l ,   a n d  

t he   H y d r a l   was  added   in  p o r t i o n s   to  g i v e   a  u n i f o r m   m i x t u r e ;  

m i x i n g   was  c o n t i n u e d   for   s e v e r a l   more  m i n u t e s   and  t h e  

m i x t u r e   was  t h e n   r e m o v e d   from  the   m i l l ,   c o o l e d ,   g r a n u l a t e d  

and  c o m p r e s s i o n - m o l d e d   i n t o   s l a b s .  

In  E x a m p l e   3,  the   M a s t e r   B a t c h   i n g r e d i e n t s   w e r e  

b l e n d e d   in  a  p r e - h e a t e d   B a n b u r y   m i x e r ,   and  the   m i x t u r e  

d u m p e d ,   c o o l e d   and  g r a n u l a t e d .   67  g  of  t he   g r a n u l a t e d  

m i x t u r e   was  b a n d e d   on  a  3   i nch   e l e c t r i c   r o l l   m i l l ,   a n d  

the   H y d r a l   was  added   in  p o r t i o n s   to  g i v e   a  u n i f o r m   m i x t u r e ;  

m i x i n g   was  c o n t i n u e d   for   s e v e r a l   more  m i n u t e s   and  t h e  



m i x t u r e   was  t h e n   r e m o v e d   from  t h e   m i l l ,   c o o l e d ,   g r a n u l a t e d  

and  c o m p r e s s i o n - m o l d e d   i n t o   s l a b s .  

In  E x a m p l e   4  t he   p r o c e d u r e   d e s c r i b e d   for   E x a m p l e  

2  was  f o l l o w e d ,   u s i n g   t h e   d i f f e r e n t   i n g r e d i e n t s   shown  i n  

T a b l e   2,  e x c e p t   t h a t   50  g.  of  t he   g r a n u l a t e d   M a s t e r   B a t c h  

was  u s e d   and  50  g.  of  t he   f i l l e r   ( M a g l i t e   D)  a d d e d   to  i t .  





1.  A  c o n d u c t i v e   p o l y m e r   c o m p o s i t i o n   which   has   a 

r e s i s t i v i t y   at  23°C  of  l e s s   t h a n   106  ohm.  cm  and  w h i c h  

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

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

(1)  20  to  91%  by  v o l u m e   of  a  p o l y m e r   c o m p o n e n t ;  

(2)  4  to  65%  by  v o l u m e   of  a  c o n d u c t i v e   f i l l e r  

c o m p o n e n t   wh ich   c o n s i s t s   e s s e n t i a l l y   of  c a r b o n  

b l a c k   a n d / o r   g r a p h i t e ;   a n d  

(3)  an  a r c - c o n t r o l l i n g   a d d i t i v e   which   i s   d i s t r i b u t e d  

in  t he   p o l y m e r   c o m p o n e n t .  

2.  A  c o m p o s i t i o n   a c c o r d i n g   to  C la im  1  c h a r a c t e r i s e d  

in  t h a t   t he   a r c - c o n t r o l l i n g   a d d i t i v e   is  a - p a r t i c u l a t e  

m a t e r i a l   which   i s   p r e s e n t   in  amount   5  to  65%,  p r e f e r a b l y  

10  to  35%,  by  vo lume   of  t he   c o m p o s i t i o n .  

3.  A  c o m p o s i t i o n   a c c o r d i n g   to  C la im   2  c h a r a c t e r i s e d  

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

m a t e r i a l ,   p r e f e r a b l y   a l u m i n a   t r i h y d r a t e .  

4.  A  c o m p o s i t i o n   a c c o r d i n g   to  C la im   2  or  3  c h a r a c -  

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

c o n t r o l l i n g   a d d i t i v e   have  a  t o t a l   s u r f a c e   a r e a   of  at  l e a s t  

1 , 8 0 0   m 2  p e r   cc .   of  c o m p o s i t i o n .  



5.  A  c o m p o s i t i o n   a c c o r d i n g   to  any  one  of  c l a i m s  

2  to  4,  c h a r a c t e r i s e d   in  t h a t   the   p o l y m e r   c o m p o n e n t   has   a t  

l e a s t   5%  c r y s t a l l i n i t y   and  the   c o n d u c t i v e   f i l l e r   c o m p o n e n t  

(a)  c o m p r i s e s   c a r b o n   b l a c k   h a v i n g   a  p a r t i c l e   s i z e ,   D, 

which   is   from  20  to  50  m i l l i m i c r o n s   and  a  s u r f a c e   a r e a ,   S ,  

in  m2/g  such   t h a t   S/D  is   not   more  t h a n   10,  and  ( b )   i s  

p r e s e n t   in  amoun t   such  t h a t   the   c o m p o s i t i o n   has  a 

r e s i s t i v i t y   at  23°C  of  l e s s   t h a n   20  o h m . c m .  

6.  A  c o m p o s i t i o n   a c c o r d i n g   to  C la im   5  c h a r a c -  

t e r i s e d   in  t h a t   the   q u a n t i t y  

is   l e s s   t h a n   1 .  

7 .   An  e l e c t r i c a l   d e v i c e   which   c o m p r i s e s   an  e l e m e n t  

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

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

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

is   as  c l a i m e d   in  any  one  of  c l a i m s   1  to  6 .  

8.  A  c i r c u i t   p r o t e c t i o n   d e v i c e   c o m p r i s i n g   a n  

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

which   e x h i b i t s   PTC  b e h a v i o r   and  a  p a i r   of  e l e c t r o d e s  

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

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

of  l e s s   t h a n   10  ohm.cm  and  c o m p r i s e s  



( a )  2 0   to  91%  by  v o l u m e   of  a  p o l y m e r   c o m p o n e n t  

h a v i n g   at  l e a s t   10%  c r y s t a l l i n i t y ;  

(b)  4  to  65  %  by  v o l u m e   of  c a r b o n   b l a c k ;   a n d  

(c)   5  to  65%  by  v o l u m e   of  a l u m i n a   t r i h y d r a t e  

t he   c a r b o n   b l a c k   and  the   a l u m i n a   t r i h y d r a t e   h a v i n g  

a  t o t a l   s u r f a c e   a r e a   of  at  l e a s t   1 , 8 0 0   m 2 / c c   o f  

c o m p o s i t i o n .  
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