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©  Electrosensitive  transfer  film. 
  An  electric  discharge  transfer  film  material  comprising  at 
least  two  layers,  the  first  of  which  is  (a)  an  electrically 
anisotropic  support  layer  (2)  having  electroconductive  parti- 
cles  dispersed  in  a  resin  matrix.  The  electroconductive 
particles  can  be  graphite  particles  having  a  particle  size 
between  0.1  to  20  microns,  carbon  black  particles  having  a 
particle  size  between  25  to  500  millimicrons,  or  metal 
powders,  and  (b)  at  least  one  thermal  or  electrothermal 
transfer  layer  (4)  in  the  form  of  a  resin  layer  capable  of  being 
broken  by  electrical  discharge  and  transferred  to  a  record 
sheet,  e.g.,  paper. 



1.  F i e l d   of  t he   I n v e n t i o n  

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  a  c o m p o s i t e  
e l e c t r o s e n s i t i v e   t r a n s f e r   m a t e r i a l ,   and  more  p a r t i c u -  

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

2.  D e s c r i p t i o n   of  t h e   P r i o r   A r t  

In  r e c e n t . y e a r s ,   v a r i o u s   s y s t e m s   h a v e   b e e n  

p r o p o s e d   f o r   t he   r a p i d   t r a n s m i s s i o n   a n d / o r   r e c o r d i n g   o f  

i n f o r m a t i o n .   One  s u c h   s y s t e m   is   an  e l e c t r i c   d i s c h a r g e  
r e c o r d i n g   s y s t e m .  

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

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

s e v e r a l   h u n d r e d   v o l t s   and  s e v e r a l   w a t t s   i n  t h e   form  o f  

an  e l e c t r i c   v o l t a g e ,   and  b r e a k i n g   a  s e m i c o n d u c t i v e  

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

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

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

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

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

use   as  a  s i m p l e   r e c o r d i n g   p r o c e s s .   For  e x a m p l e ,   t h e  

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

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

s h e e t s .  

In  t he   e l e c t r i c   d i s c h a r g e   r e c o r d i n g ,   a  d i s -  

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

r e c o r d i n g   s u r f a c e   of  an  e l e c t r i c   d i s c h a r g e   r e c o r d i n g  
m a t e r i a l .   D i s c h a r g i n g   is   p e r f o r m e d   t h r o u g h   t h e   s t y l u s  
to  b r e a k   the   r e c o r d i n g   l a y e r ,   and  to  form  an  image   o n  
t h e   r e c o r d i n g   s u r f a c e .  



A  m o r e   r e c e n t   d e v e l o p m e n t   i s   d i s c l o s e d   b y  
N a k a n o   e t   al   in  U .S .   P a t e n t   4 , 1 6 3 , 0 7 5   and  r e l a t e s   to  t h e  

use   of  an  e l e c t r o s e n s i t i v e   t r a n s f e r   f i l m .   To  r e c o r d  
w i t h   t h i s   t y p e   of   f i l m   i t   i s   l a i d   o v e r   an  u n t r e a t e d  

s h e e t   o f   a  r e c e i v i n g   m e d i u m ,   s u c h   as   p a p e r ,   and  a n  
e l e c t r i c   d i s c h a r g e   s t y l u s   is   moved  in  a  r e g u l a r   p a t t e r n  

a c r o s s   t h e   b a c k   o f   t h e   t r a n s f e r   f i l m .   P r o v i s i o n   i s  

g e n e r a l l y   made  to  g r o u n d   e i t h e r   one  edge   or  t h e   f r o n t  

s u r f a c e   of  t h e   t r a n s f e r   f i l m .   When  a  v o l t a g e   on  t h e  

o r d e r   of   150  to   200  v o l t s   i s   a p p l i e d   to   t h e   s t y l u s ,  

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

be  t r a n s f e r r e d   to   t h e   r e c e i v i n g   s h e e t ,   e . g . ,   p a p e r .  

The  f i l m   d i s c l o s e d   by  N a k a n o   e t   a l   in  U . S .  

P a t e n t   4 , 1 6 3 , 0 7 5 ,   c o m p r i s e s   t h r e e   l a y e r s ,   n a m e l y   a  f i l m  

s u p p o r t   l a y e r   and  two  t r a n s f e r   l a y e r s .   The  s u p p o r t  

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

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

a v e r a g e   d i a m e t e r   of   2  m i c r o n s   d i s p e r s e d   in  a  v i n y l  

c h l o r i d e   r e s i n .  

N u m e r o u s   d i s a d v a n t a g e s   a p p e a r   to  e x i s t   w i t h  

t h e   use   of  t h e   p r o d u c t s   d i s c l o s e d   in  t he   Nakano   e t   a l  

p a t e n t .   For  e x a m p l e ,   t h e   use  of  s m a l l   m e t a l   p a r t i c l e s  

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

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

n e e d   t h e r e f o r e   e x i s t s   f o r   a  t r a n s f e r   s h e e t   e x h i b i t i n g  

i m p r o v e d   image   q u a l i t y   t h a t   can  be  p r o d u c e d   a t   a  l o w  

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

SUMMARY  OF  THE  INVENTION 

I t   i s   an  o b j e c t   of  t h i s   i n v e n t i o n   to  p r o v i d e  

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

t h e   d i s a d v a n t a g e s   d e s c r i b e d   h e r e i n a b o v e .  



A c c o r d i n g   to  t he   p r e s e n t   i n v e n t i o n ,   an  e l e c -  

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

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

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

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

a r e :   (1)  g r a p h i t e   p a r t i c l e s   h a v i n g   a  p a r t i c l e   s i z e  

b e t w e e n   0 .1   to  20  m i c r o n s ,   (2)  c a r b o n   b l a c k   p a r t i c l e s  

h a v i n g   a  p a r t i c l e   s i z e   b e t w e e n   25  to  500  m i l l i m i c r o n s ,  

or  (3)  m e t a l   p o w d e r s ;   and  (b)  a t   l e a s t   one  t h e r m a l   o r  

e l e c t r o t h e r m a l   t r a n s f e r   l a y e r   in  the   form  of  a  r e s i n  

l a y e r   c a p a b l e   of  b e i n g   b r o k e n   by  e l e c t r i c a l   d i s c h a r g e  
and  t r a n s f e r r e d   to  a  r e c o r d   s h e e t .   A  p r e f e r r e d   r e s i n  

m a t r i x   c o m p r i s e s   a  p h e n o x y   r e s i n   of  t he   f o r m u l a :  

w h e r e   n  is   a b o u t   1 0 0 .  

One  e m b o d i m e n t   of  t he   p r e s e n t   i n v e n t i o n   is   a n  

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

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

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

r e s i s t a n c e   of  105  to  1016  ohms  and  a  v o l u m e   r e s i s t a n c e  

of  103  to  1014  o h m s - c m ;   (b)  an  e l e c t r o c o n d u c t i v e   e l e c -  

t r i c a l l y   a n i s o t r o p i c   r e s i n   l a y e r   c o n t a i n i n g   e l e c t r o -  

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

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

one  s u r f a c e   of  t he   s e m i c o n d u c t i v e   r e s i n   l a y e r   ( a ) ;   a n d  

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

more  t h a n   104  ohms  and  a  v o l u m e   r e s i s t a n c e   of  n o t   m o r e  

t h a n   102  o h m s - c m ,   w h i c h   i s   l a m i n a t e d   on  t h e   o t h e r  

s u r f a c e   of  t he   s e m i c o n d u c t i v e   r e s i n   l a y e r   ( a ) .  



.  A n o t h e r   e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n   i s  

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

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

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

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

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

of  one  r e s i n   l a y e r .  

S t i l l   a n o t h e r   e m b o d i m e n t   o f   t h e   p r e s e n t  
i n v e n t i o n   i s   an  e l e c t r i c   d i s c h a r g e   r e c o r d i n g   m a t e r i a l ,  

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

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

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

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

l a y e r .   The  g r a p h i t e   and  c a r b o n   b l a c k   p a r t i c l e s   e x h i b i t  

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

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

O t h e r   o b j e c t s ,   f e a t u r e s   and  e f f e c t s   of  t h i s  

i n v e n t i o n   w i l l   become  more   a p p a r e n t   from  the   f o l l o w i n g  

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

w h e r e i n :  

F i g u r e   1  i s   an  e x p a n d e d   s e c t i o n a l   v i e w   of  t h e  

t r a n s f e r   f i l m   of  t h i s   i n v e n t i o n .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

The  f i l m   s t r u c t u r e ,   as  i l l u s t r a t e d   in  FIGURE 

1,  c o m p r i s e s   an  e l e c t r i c a l l y   a n i s o t r o p i c   ( u n i d i r e c t i o n -  

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

l a y e r   2  and  two  t r a n s f e r   l a y e r s ,   n a m e l y   l a y e r s   4  and  6 .  

When  a  g r a p h i t e - c o n t a i n i n g   r e s i n   is   e m p l o y e d  

as  l a y e r   2,  i t   g e n e r a l l y   c o n t a i n s   b e t w e e n   5  to  65%  a n d  

p r e f e r a b l y   b e t w e e n   15  to  45%  by  w e i g h t   g r a p h i t e   b a s e d  



on  t he   w e i g h t   of  t h e   r e s i n .   B e s t   r e s u l t s   a re   o b t a i n e d  

when  the   l a y e r   c o n t a i n s   b e t w e e n   25  and  35%  by  w e i g h t  

g r a p h i t e ,   b a s e d   on  t he   w e i g h t   of  t he   r e s i n .   The  p a r -  
t i c l e   d i a m e t e r   of  t h e   g r a p h i t e   u s e d   in  t h i s   l a y e r  
i s   a l s o   c r i t i c a l   to   t h e   s u c c e s s f u l   p r a c t i c e   of  t h e  

s u b j e c t   i n v e n t i o n .   G e n e r a l l y ,   t h e   p a r t i c l e   s i z e   i s  

g e n e r a l l y   b e t w e e n   0 . 1   to   20  m i c r o n s ,   and  p r e f e r a b l y  

b e t w e e n   0 . 1 - 5   m i c r o n s ,   w i t h   b e s t   r e s u l t s   b e i n g   a c h i e v e d  
w i t h   p a r t i c l e s   b e t w e e n   0 . 1   and  1  m i c r o n s .  

A c c o r d i n g   to  an  e m b o d i m e n t   of  t h i s   i n v e n t i o n ,  

g r a p h i t e   p a r t i c l e s   u s e f u l   in  t he   a n i s o t r o p i c   s u p p o r t  
l a y e r   can  be  p r e p a r e d   by  g r i n d i n g   t h e  g r a p h i t e   p a r t i c l e s  

in  t he   p r e s e n c e   of  w a t e r   or  o t h e r   s o l v e n t   h a v i n g   s u b -  

s t a n t i a l l y   t h e   same  f r e e z i n g   and  v a p o r   p r e s s u r e   p r o p e r -  
t i e s   as  w a t e r ,   e . g . ,   t e r t i a r y   b u t y l   a l c o h o l ,   c y c l o h e x a n e ,  

b e n z e n e ,   d i o x a n e ,   and  p a r a - x y l e n e .   G e n e r a l l y ,   b e t w e e n  

a b o u t   70  and  80%  by  w e i g h t   of  t he   s l u r r y   is   w a t e r   o r  

s o l v e n t ,   as  d e f i n e d   h e r e i n ,   t he   b a l a n c e   b e i n g   s o l i d s ,  

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

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

c r i t i c a l   and  can  v a r y   o v e r   wide   r a n g e s   b o t h   b e l o w   70% 

and  a b o v e   80%  b e c a u s e   t h e   s o l v e n t   or  w a t e r   is  e v e n t u a l l y  
d r i v e n   o f f   in  a c c o r d a n c e   w i t h   t h i s   p r o c e s s .   G r i n d i n g  

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

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

p a r t i c l e s   in  t h e   s o l v e n t   or  w a t e r .   G e n e r a l l y ,   s u c h  

g r i n d i n g   t a k e s   p l a c e   b e t w e e n   8  and  16  h o u r s   to  a c h i e v e  

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

The  t e rm  " s u b s t a n t i a l " ,   as  used   in  t h i s   c o n t e x t ,   m e a n s  

a t   l e a s t   95%  of  t h e   g r a p h i t e   b e i n g   d i s p e r s e d   in  t h e  

w a t e r   or  s o l v e n t   w i t h   as  l i t t l e   as  p o s s i b l e   a g g l o m e r i -  

z a t i o n   of  t h e   g r a p h i t e   b e i n g   p r e s e n t .   G r i n d i n g   i s  

g e n e r a l l y   a c c o m p l i s h e d   by  s u b j e c t i n g   t he   s l u r r y   to  a 

b a l l   m i l l ,   sand  m i l l   or  any  o t h e r   d i s p e r s i o n   t e c h n i q u e  

w e l l - k n o w n   to  t h o s e   of  o r d i n a r y   s k i l l   in  the   a r t .   I t  



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

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

g r a p h i t e   p a r t i c l e s   w i t h   an  "ATTRITOR" ,   Model  01,  made  b y  

U n i o n   P r o c e s s   C o m p a n y ,   D a y t o n ,   O h i o .  

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

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

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

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

The  p o l y m e r   e m p l o y e d   i s   to  be  s o l u b l e   in  the   w a t e r   o r  

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

p o l y v i n y l   a l c o h o l ,   g e l a t i n   or  m e t h y l   c e l l u l o s e .  

F r e e z i n g   of  t h e   s l u r r y   i s   a c h i e v e d   by  l o w e r i n g  

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

t h e   s o l v e n t   c h a n g e s   f rom  l i q u i d   to  s o l i d .   The  f r o z e n  

s l u r r y   i s   t h e n   d r i e d ,   u n d e r   c o n d i t i o n s   such   t h a t   t h e  

w a t e r   s o l v e n t   p r e s e n t   i s   c a u s e d   to  s u b l i m e ,   i . e . ,   t h e  

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

p a s s a g e   t h r o u g h   t h e   l i q u i d   s t a t e .   The  p r o c e s s   r e s u l t s  

in  t he   f o r m a t i o n   of   a  s u b s t a n t i a l   a m o u n t   of  u n d a m a g e d  

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

a t   l e a s t   0 . 2   m i c r o n s .   By  s u b s t a n t i a l   a m o u n t ,   i t   i s  

i n t e n d e d   t h a t   a t   l e a s t   90%  o f   t h e   p a r t i c l e s   h a v e   a  

d i a m e t e r   of  a t   l e a s t   0 . 2   m i c r o n s .  

S u b l i m a t i o n   of  w a t e r ,   or  o t h e r   s o l v e n t s   u s e d  

in   p l a c e   of   w a t e r ,   w h i c h   e x i s t s   in  t h e   s o l i d   s t a t e ,  

can   be  c a u s e d   to   c h a n g e   to  a  g a s e o u s   p h a s e   w i t h o u t   a n  

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

a l o n e ,   t e m p e r a t u r e   a l o n e ,   or  a  c h a n g e   in  b o t h   t e m p e r -  

a t u r e   and  p r e s s u r e .   G e n e r a l l y ,   s u b l i m a t i o n   c an   b e  

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

I t   i s   c r i t i c a l   t h a t   t h e   g r a p h i t e   p a r t i c l e s   b e  

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



n o t   r e d u c e d   in  s i z e   to  d u s t   p a r t i c l e s   ( u n d e r   0 .1  m i c r o n ) .  

G r a p h i t e   p a r t i c l e s   a r e   t h e r e f o r e   d i s p e r s e d   in  a  r e s i n ,  

g e n e r a l l y   in  a  m o l t e n   s t a t e ,   by  means   of  a  h i g h   s h e e r  

b l e n d e r ,   e . g . ,   a  W a r i n g   b l e n d e r ,   Cowl  or  G r e e r   b l e n d e r s ,  

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

m i l l i n g   or  d i s p e r s i n g   in  an  a t t r i t o r .   The  l a t t e r  

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

p a r t i c l e s   l e s s   t h a n   0 . 1   m i c r o n   s i z e ,   a d v e r s e l y   a f f e c t i n g  

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

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

c a r b o n - b l a c k - c o n t a i n i n g   r e s i n   of   l a y e r   2  c o n t a i n s  

g e n e r a l l y   b e t w e e n   60  to   70%  by  w e i g h t   c a r b o n   b l a c k .  

B e s t   r e s u l t s   a r e   o b t a i n e d   when  t he   l a y e r   c o n t a i n s   65%  b y  

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

and  c a r b o n   b l a c k .   The  p a r t i c l e   d i a m e t e r   of  t he   c a r b o n  

b l a c k   used   in  t h i s   l a y e r   i s   a l s o   c r i t i c a l   to  the   s u c -  

c e s s f u l   p r a c t i c e   of  t he   s u b j e c t   i n v e n t i o n .   G e n e r a l l y ,  

t h e   p a r t i c l e   s i z e   i s   g e n e r a l l y   b e t w e e n   25  and  5 0 0  

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

p a r t i c l e s   of  a b o u t   350  m i l l i m i c r o n s .  

C a r b o n   b l a c k   i s   a v a i l a b l e   f r o m   n u m e r o u s  

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

b l a c k s ,   f u r n a c e   b l a c k s ,   and  t h e r m a l   b l a c k s   a r e   u s e f u l   i n  

the   p r a c t i c e   of  t h e   i n v e n t i o n .   E x a m p l e s   of  s u i t a b l e  

c a r b o n   b l a c k s   i n c l u d e   t h o s e   s o l d   u n d e r   t h e  m a r k   THERMAX. 

The  r e s i n   w h i c h   c o n s t i t u t e s   t he   r e s i n   m a t r i x  

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

t r o p i c   l a y e r   a r e   d i s p e r s e d   may  be  any  t h e r m o p l a s t i c   o r  

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

e l e c t r i c a l   i n s u l a t i o n   ( g e n e r a l l y   h a v i n g   a  vo lume   r e s i s -  

t a n c e   of  at   l e a s t   107  o h m s - c m ) .   G e n e r a l l y ,   the   m a t r i x  

r e s i n   p r e f e r a b l y   has   a  g r e a t   a b i l i t y   to  b i n d   the   e l e c -  



t r o - c o n d u c t i v e   p a r t i c l e   and  can   be  f o r m e d   i n t o   s h e e t s   o r  
f i l m s   h a v i n g   h i g h   m e c h a n i c a l   s t r e n g t h ,   f l e x i b i l i t y   a n d  

h i g h   s t i f f n e s s .  

A  p r e f e r r e d   r e s i n   t h a t   i s   u s e f u l   in  t he   r e s i n  

m a t r i x ,   in  w h i c h   t h e   e l e c t r o - c o n d u c t i v e   p a r t i c l e s .   a r e  
d i s p e r s e d ,   i s   a  p h e n o x y   r e s i n   of  t h e   f o r m u l a :  

w h e r e i n   n  is   a b o u t   1 0 0 .  

A  s u i t a b l e   p h e n o x y   r e s i n   i s   s o l d   by  U n i o n  

C a r b i d e   C o r p o r a t i o n   u n d e r   t he   t r a d e n a m e   "PKHH".  T h i s  

r e s i n   has   t he   f o l l o w i n g   c h a r a c t e r i s t i c s :  

G e n e r a l l y ,   t h e   m a t r i x   r e s i n   p r e f e r a b l y   has   a  

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

e . g . ,   g r a p h i t e ,   c a r b o n   b l a c k   or   t h e   m e t a l   p o w d e r s  
d i s c l o s e d   in  U . S .   P a t e n t   4 , 1 6 3 , 0 7 5   or  o t h e r   u s e f u l  

e l e c t r o c o n d u c t i v e   p a r t i c l e s   t h a t   may  be  u s e d .   T h e s e  
r e s i n s   can  be  f o r m e d   i n t o   s h e e t s   or  f i l m s   h a v i n g   h i g h  
m e c h a n i c a l   s t r e n g t h ,   f l e x i b i l i t y   and  h i g h   s t i f f n e s s .  



E x a m p l e s   of  s u i t a b l e   r e s i n s   t h a t   can  be  u s e d  

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

p o l y o l e f i n s   ( s u c h   as  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 ) ,  

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

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

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

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

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

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

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

a r e   e s p e c i a l l y   p r e f e r r e d .  

As  i s   c o n v e n t i o n a l   in  t he   a r t ,   a d d i t i v e s   s u c h  

as   p l a s t i c i z e r s ,   f i l l e r s ,   l u b r i c a n t s ,   s t a b i l i z e r s ,  

a n t i o x i d a n t s   or  mold  r e l e a s i n g   a g e n t s   may  be  a d d e d   a s  
n e e d e d   to  t h e   r e s i n   in  o r d e r   to  i m p r o v e   i t s   m o l d a b i l i t y ,  

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

e t c .  

E x a m p l e s   of   t h e   p l a s t i c i z e r s   a r e   d i o c t y l  

p h t h a l a t e ,   d i b u t y l   p h t h a l a t e ,   d i c a p r y l   p h t h a l a t e ,  

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

d i ( 2 - e t h y l   b u t y r a t e ) ,   d i b u t y l   s e b a c a t e ,   d i o c t y l   a z e l a t e ,  

and  t r i e t h y l h e x y l   p h o s p h a t e ,   w h i c h   a r e   g e n e r a l l y   used   a s  

p l a s t i c i z e r s   f o r   r e s i n s .   The  amoun t   of  t he   p l a s t i c i z e r  

can  be  v a r i e d   o v e r   a  wide   r a n g e   a c c o r d i n g ,   f o r   e x a m p l e ,  

to  t he   t y p e   of  t he   r e s i n   and  the   t y p e   of  t he   p l a s t i c i z e r .  

G e n e r a l l y ,   i t s   a m o u n t   is  a t   mos t   150  p a r t s   by  w e i g h t ,  

p r e f e r a b l y   up  to  100  p a r t s   by  w e i g h t ,   p e r   100  p a r t s  

by  w e i g h t   o f   t h e   r e s i n .   The  o p t i m u m   a m o u n t   of   t h e  

p l a s t i c i z e r   i s   n o t   more  t h a n   80  p a r t s   by  w e i g h t   per   1 0 0  

p a r t s   by  w e i g h t   of  t he   r e s i n .  



E x a m p l e s   o f   f i l l e r s   a r e   f i n e   p o w d e r s   o f  

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

p o t a s s i u m   c a r b o n a t e ,   s t r o n t i u m   c a r b o n a t e ,   z i n c   o x i d e ,  

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

They   may  be  u s e d   e i t h e r   a l o n e   or  as  m i x t u r e s   of  two  o r  

m o r e .  

The  a m o u n t   of  t h e   f i l l e r   is   n o t   c r i t i c a l ,   a n d  

can   be  v a r i e d   o v e r   a  w ide   r a n g e   a c c o r d i n g   to  t he   t y p e   o f  

t h e   r e s i n ,   t h e   t y p e   of   t h e   f i l l e r ,   e t c .   G e n e r a l l y ,   t h e  

a m o u n t   i s   up  to  1000  p a r t s   by  w e i g h t ,   p r e f e r a b l y   n o t  

more   t h a n   500  p a r t s   by  w e i g h t ,   more  p r e f e r a b l y   up  to  200  

p a r t s   by  w e i g h t .  

U s u a l l y   i t s   t h i c k n e s s   i s   a t   l e a s t   3  m i c r o n s .  

The  u p p e r   l i m i t   of  t h e   t h i c k n e s s   i s   n o t   s t r i c t ,   b u t   i s  

a d v a n t a g e o u s l y   s e t   a t   100  m i c r o n s   f o r   t h e   r e a s o n   s t a t e d  

a b o v e .   P r e f e r a b l y ,   t h e   t h i c k n e s s   i s   5  to  60  m i c r o n s ,  

more   p r e f e r a b l y   10  to  40  m i c r o n s .  

The  s e m i c o n d u c t i v e   r e s i n   l a y e r   4  l a m i n a t e d   o n  

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

b r o k e n   by  d i s c h a r g i n g .   I t   h a s   a  s u r f a c e   r e s i s t a n c e   o f  

10  to   109  ohms ,   p r e f e r a b l y   103  to  107  ohms,   more  p r e f e r -  

a b l y   104  to  106  ohms  and  a  v o l u m e   r e s i s t a n c e  o f   11  t o  

106  o h m s - c m ,   p r e f e r a b l y   110  to  105  o h m s - c m ,   more  p r e f e r -  

a b l y   102  to  104  o h m s - c m .  

The  s e m i c o n d u c t i v e   r e s i n   l a y e r   4  can  be  f o r m e d  

by  d i s p e r s i n g   a  c o n d u c t i v i t y - i m p a r t i n g   a g e n t   in  a  r e s i n  

m a t r i x .  

The  r e s i n   m a t r i x   f o r m i n g   a  s u b s t r a t e   fo r   t h e  

s e m i c o n d u c t i v e   r e s i n   l a y e r   4  may  be  c h o s e n   f rom  t h o s e  

w h i c h   h a v e   been   d e s c r i b e d   h e r e i n a b o v e   a b o u t   the   n o n -  



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

t i c l e - c o n t a i n i n g   r e s i n .   The  t h e r m o p l a s t i c   r e s i n s  a r e  

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

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

n e e d e d ,   t he   r e s i n   may  c o n t a i n   a d d i t i v e s   of  t he   t y p e s  
d e s c r i b e d   h e r e i n a b o v e   s u c h   as  p l a s t i c i z e r s   and  f i l l e r s  

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

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

f rom  t h e   c o n d u c t i v i t y - i m p a r t i n g   a g e n t ,   g e n e r a l l y   h a v i n g  

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

a g e n t ,   i s   i n c l u d e d   in  the   s e m i c o n d u c t i v e   r e s i n   l a y e r   4 ,  

t he   b r e a k d o w n   of  t he   s e m i c o n d u c t i v e   r e s i n   l a y e r   4  b y  

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

image   w h i c h   is  c l e a r e r   and  has   a  h i g h e r   c o n t r a s t   c a n  

be  o b t a i n e d .   S u i t a b l e   f i l l e r s   of  t h i s   k ind   a r e   f i n e  

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

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

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

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

s i l i c a ,   k a o l i n   c l a y ,   and  z i n c   o x i d e .   They  can  be  u s e d  

s i n g l y   or  as   a  m i x t u r e   of  two  or  m o r e .   Of  t h e s e ,  

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

s u i t a b l e .   The  a v e r a g e   p a r t i c l e   d i a m e t e r   of  t h e   f i l l e r  

i s   g e n e r a l l y   10  m i c r o n s   a t   m o s t ,   p r e f e r a b l y   n o t   m o r e  

t h a n   5  m i c r o n s ,   more  p r e f e r a b l y   2  to  0 .1   m i c r o n s .   T h e  

a m o u n t   of  t he   f i l l e r   can  be  v a r i e d   o v e r   a  wide   r a n g e  

a c c o r d i n g   to  t he   t ype   of  t h e   r e s i n ,   e t c .   The  s u i t a b l e  

a m o u n t   i s   g e n e r a l l y   10  to  2 , 0 0 0   p a r t s   by  w e i g h t ,   p r e f e r -  

a b l y   20  to  1 , 0 0 0   p a r t s   by  w e i g h t ,   more  p r e f e r a b l y  5 0   t o  

400  p a r t s   by  w e i g h t ,   p e r   100  p a r t s   by  w e i g h t   of  t h e  

r e s i n .  

The  c o n d u c t i v i t y - i m p a r t i n g   a g e n t   to  be  d i s -  

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

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



s u r f a c e   r e s i s t a n c e   and  v o l u m e   r e s i s t a n c e   d e s c r i b e d   a b o v e  

to  t h e   r e s i n   l a y e r .   G e n e r a l l y ,   s u i t a b l e   c o n d u c t i v i t y -  

i m p a r t i n g   a g e n t s   have   a  s p e c i f i c   r e s i s t a n c e ,   m e a s u r e d  

u n d e r   a  p r e s s u r e   of  50  k g / c m 2 ,   o f   n o t   m o r e   t h a n   1 0 6  

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

a g e n t   i n c l u d e   c a r b o n   b l a c k s ;   m e t a l s   s u c h   as   g o l d ,  

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

and  c o n d u c t i v e   z i n c   o x i d e   ( z i n c   o x i d e   d o p e d   w i t h   0 . 0 3  

to  2.0%  by  w e i g h t ,   p r e f e r a b l y   0 . 0 5   to  1.0%  by  w e i g h t ,  

b a s e d   on  t h e   z i n c   o x i d e ,   of   a  d i f f e r e n t   m e t a l   s u c h   a s  

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

i r o n ) ;   c o n d u c t i v e   m e t a l - c o n t a i n i n g   c o m p o u n d s   s u c h   a s  

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

z e o l i t e s .   Of  t h e s e ,   c a r b o n   b l a c k s ,   s i l v e r ,   n i c k e l ,  

s u p r o u s   i o d i d e ,   c o n d u c t i v e   z i n c   o x i d e   a r e   p r e f e r r e d ,  

and  c a r b o n   b l a c k s   and  c o n d u c t i v e   z i n c   o x i d e   a r e   m o r e  

p r e f e r r e d .   The  c a r b o n   b l a c k s   w h i c h   a l s o   a c t   as   a  

c o l o r i n g   a g e n t   a r e   mos t   p r e f e r r e d .  

C a r b o n   b l a c k s   d i f f e r   s o m e w h a t   in  c o n d u c t i v i t y  

a c c o r d i n g   to   t h e   m e t h o d   of   p r o d u c t i o n .   G e n e r a l l y ,  

a c e t y l e n e   b l a c k ,   f u r n a c e   b l a c k ,   c h a n n e l   b l a c k ;   a n d  

t h e r m a l   b l a c k   can   be  u s e d .  

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

u s u a l l y   in  t h e   form  of  a  f i n e   p o w d e r   in  t he   r e s i n .   T h e  

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

a g e n t   i s   10  m i c r o n s   a t   m o s t ,   p r e f e r a b l y   n o t   more   t h a n   5 

m i c r o n s ,   e s p e c i a l l y   p r e f e r a b l y   2  to  0 . 0 0 5   m i c r o n s .   When  .  

a  m e t a l   p o w d e r   is   u sed   as  t he   c o n d u c t i v i t y - i m p a r t i n g  

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

or  m i c r o l u m p y   f o r m .   M o r e o v e r ,   s i n c e   a  r e s i n   s h e e t  

h a v i n g   t h e   m e t a l   powder   d i s p e r s e d   t h e r e i n   t e n d s   to  b e  

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

e x c e e d s   0 . 2   m i c r o n .   H e n c e ,   t h e   p a r t i c l e   s i z e   of  a  m e t a l  

p o w d e r   in  t h e   a b o v e - m e n t i o n e d   f o r m   to  be  u s e d   as  a  



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

r e s i n   l a y e r   4  or  t h e   c o n d u c t i v e   l a y e r   6  s h o u l d   be  a t  

m o s t   0 .5   m i c r o n ,   p r e f e r a b l y   n o t   more  t h a n   0 . 2   m i c r o n ,  

m o r e   p r e f e r a b l y   0 . 1 5   to   0 . 0 4   m i c r o n .   S c a l e - l i k e   o r  

n e e d l e - l i k e   p o w d e r s   c an   a l s o   be  u s e d ,   b u t   s h o u l d   b e  

c o m b i n e d   w i t h   p o w d e r s   of  t he   a b o v e   f o r m s .  

The  a m o u n t   of  t h e   c o n d u c t i v i t y - i m p a r t i n g   a g e n t  

to  be  a d d e d   to  t he   r e s i n   can  be  v a r i e d   o v e r   a  v e r y   w i d e  

r a n g e   a c c o r d i n g   to  t h e   c o n d u c t i v i t y   of  t h e   c o n d u c t i v i t y -  

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

to  a d j u s t   t he   s u r f a c e   r e s i s t a n c e   and  v o l u m e   r e s i s t a n c e  

of  t h e   s e m i c o n d u c t i v e   r e s i n   l a y e r   4  to   t h e   a b o v e -  

m e n t i o n e d   r a n g e s .   For   e x a m p l e ,   c a r b o n   b l a c k s   a r e  

i n c o r p o r a t e d   g e n e r a l l y   in  an  a m o u n t   of  1  to  300  p a r t s   b y  

w e i g h t ,   p r e f e r a b l y   2  to   200  p a r t s   by  w e i g h t ,   m o r e  

p r e f e r a b l y   3  to  150  p a r t s   by  w e i g h t ,   pe r   100  p a r t s   b y  

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

a g e n t s   a r e   u sed   g e n e r a l l y   in  an  a m o u n t   of  3  to  500  p a r t s  

by  w e i g h t ,   p r e f e r a b l y   5  to  400  p a r t s   by  w e i g h t ,   m o r e  

p r e f e r a b l y   10  to  300  p a r t s   by  w e i g h t ,   pe r   100  p a r t s   b y  

w e i g h t   of  t he   r e s i n .  

The  t h i c k n e s s   of  t h e   s e m i c o n d u c t i v e   r e s i n  

l a y e r   4  is   no t   c r i t i c a l ,   and  can   be  v a r i e d   o v e r   a  w i d e  

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

e t c .   G e n e r a l l y ,   i t s   t h i c k n e s s   i s   a t   l e a s t   2  m i c r o n s ,  

p r e f e r a b l y   3  to   50  m i c r o n s ,   m o r e   p r e f e r a b l y   5  to  2 0  

m i c r o n s .  

A c c o r d i n g   t o   t h e   p r e s e n t   i n v e n t i o n ,   t h e  

c o n d u c t i v e   l a y e r   6  is   l a m i n a t e d   on  the   o t h e r   s u r f a c e   o f  

the   s e m i c o n d u c t i v e   r e s i n   l a y e r   4 .  

The  c o n d u c t i v e   l a y e r   6  p l a y s   an  i m p o r t a n t   r o l e  

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



a c c u r a c y   by  c o n v e r g i n g   t he   c u r r e n t   f l o w i n g   t h r o u g h   t h e  

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

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

The  c o n d u c t i v e   l a y e r   6  has   a  s u r f a c e   r e s i s t a n c e   of  n o t  

more   t h a n   104  ohms ,   p r e f e r a b l y   n o t   more  t h a n   5  x  1 0 3  

o h m s ,   more   p r e f e r a b l y   10-1   to  2  x  103  ohms  and  a  v o l u m e  

r e s i s t a n c e   of  n o t   more  t h a n   102  o h m s - c m ,   p r e f e r a b l y   n o t  

more   t h a n - 5 0   o h m s - c m ,   more   p r e f e r a b l y   n o t   more  t h a n   20 

o h m s - c m .  

The  c o n d u c t i v e   l a y e r   6  h a v i n g   s u c h   r e s i s t a n c e  

c h a r a c t e r i s t i c s   may  be  a  c o n d u c t i v e   r e s i n   l a y e r   c o m -  

p r i s i n g   a  t h e r m o p l a s t i c   or  t h e r m o s e t t i n g   r e s i n   and  a  

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

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

The  t h e r m o p l a s t i c   or  t h e r m o s e t t i n g   r e s i n   t h a t  

can   be  u s e d   in  t he   c o n d u c t i v e   r e s i n   l a y e r   can   a l s o   b e  

s e l e c t e d   f rom  t h o s e   d e s c r i b e d   h e r e i n a b o v e   in  c o n n e c t i o n  

w i t h   t h e   n o n - r e c o r d i n g   l a y e r .   Of  t h e s e ,   t he   t h e r m o -  

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

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

The  c o n d u c t i v i t y - i m p a r t i n g   a g e n t   to  be  d i s p e r s e d   in  t h e  

r e s i n   may  be  c h o s e n   f r o m   t h o s e   d e s c r i b e d   a b o v e   i n  

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

b l a c k s   and  m e t a l   p o w d e r s   a r e   e s p e c i a l l y   s u i t a b l e .  

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

v i e w   of   c o s t   f a c t o r s .  

The  c o n d u c t i v i t y - i m p a r t i n g   a g e n t s   a r e   added   i n  

a m o u n t s   w h i c h   w i l l   c a u s e   the   r e s i n   l a y e r   to  have  t h e  

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

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

c o n d u c t i v i t y - i m p a r t i n g   a g e n t .   For   e x a m p l e . ,   c a r b o n  

b l a c k s   a r e   used   in  an  a m o u n t   of  g e n e r a l l y   a t   l e a s t   10  

p a r t s   by  w e i g h t ,   p r e f e r a b l y   20  to  200  p a r t s   by  w e i g h t ,  



more   p r e f e r a b l y   30  to  100  p a r t s   by  w e i g h t ;   t he   o t h e r  

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

a r e   u sed   in  an  a m o u n t   of  a t   l e a s t   50  p a r t s   by  w e i g h t ,  

p r e f e r a b l y   100  to  600  p a r t s   by  w e i g h t ,   more  p r e f e r a b l y  

150  to  400  p a r t s   by  w e i g h t ,   b o t h   pe r   100  p a r t s   by  w e i g h t  

of   t h e   r e s i n .  

As  n e e d e d ,   t h e   c o n d u c t i v e   r e s i n   l a y e r   m a y  
c o n t a i n   t he   a f o r e s a i d   a d d i t i v e s   s u c h   as  p l a s t i c i z e r s   a n d  

f i l l e r s   in  t he   a m o u n t s   s t a t e d .  

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

n o t   c r i t i c a l ,   and  can  be  v a r i e d   w i d e l y   a c c o r d i n g   to  t h e  

u s e s   of   t he   f i n a l   p r o d u c t s ,   e t c .   G e n e r a l l y ,   i t   i s   a t  

l e a s t   3  m i c r o n s ,   p r e f e r a b l y   3  to   50  m i c r o n s ,   m o r e  

p r e f e r a b l y   5  to  20  m i c r o n s .  

The  c o n d u c t i v e   l a y e r   6  may  be  a  v a c u u m -  

d e p o s i t e d   m e t a l   l a y e r .   S p e c i f i c   e x a m p l e s   of  t he   m e t a l  

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

a l u m i n u m   is   mos t   s u i t a b l e .  

The  t h i c k n e s s   of  t h e   v a c u u m - d e p o s i t e d   m e t a l  

l a y e r   i s   n o t   c r i t i c a l .   G e n e r a l l y ,   i t   i s   a t   l e a s t   4 

m i l l i m i c r o n s ,   p r e f e r a b l y   10  t o   300  m i l l i m i c r o n s ,  

more   p r e f e r a b l y   20  to  100  m i l l i m i c r o n s .   By  an  o r d i n a r y  

v a c u u m - d e p o s i t i n g   m e t h o d   f o r   m e t a l ,   i t   can  be  a p p l i e d   t o  

one  s u r f a c e   of  t he   s e m i c o n d u c t i v e   r e s i n   l a y e r   4 .  

The  c o n d u c t i v e   l a y e r   6  may  a l s o   be  a  t h i n  

m e t a l   f o i l ,   f o r   e x a m p l e ,   an  a l u m i n u m   f o i l .   I t   can  b e  

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

4  by  such   means   as  b o n d i n g   or  p l a t i n g .  

I t   i s   u n d e r s t o o d   t h a t   a t   l e a s t   one  of  t h e  

l a y e r s   4  and  6  may  c o n t a i n   a  c o l o r i n g   s u b s t a n c e .   U s e f u l  



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

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

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

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

i m p a r t i n g   a g e n t   as  s t a t e d   a b o v e .   T h u s ,   when  t h e   s e m i -  

c o n d u c t i v e   r e s i n   l a y e r   or  t he   c o n d u c t i v e   r e s i n   l a y e r  

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

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

s u b s t a n c e .   The  i n c l u s i o n   of  o t h e r   s u i t a b l e   c o l o r i n g  

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

E x a m p l e s   of  p i g m e n t s   o t h e r   t h a n   c a r b o n   b l a c k  

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

t i t a n i u m   y e l l o w ,   c a d m i u m   y e l l o w ,   z i n c   y e l l o w ,   o c h r e ,  

c a d m i u m   r e d ,   p r u s s i a n   b l u e ,   u l t r a m a r i n e   b l u e ,   z i n c  

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

i r o n   o x i d e ,   c h r o m e   o r a n g e ,   c h r o m e   v e r m i l i o n ,   red  i r o n  

o x i d e ,   red  l e a d   and  v e r m i l i o n ,   and  o r g a n i c   p i g m e n t s   o f  

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

s u c h   as  a n i l i n e   b l a c k ,   n a p h t h o l   y e l l o w   S,  h a n z a   y e l l o w  

10G,   b e n z i d i n e   y e l l o w ,   p e r m a n e n t   y e l l o w ,   P e r m a n e n t  

O r a n g e ,   B e n z i d i n e   O r a n g e   G,  I n d a n t h r e n e   B r i l l i a n t   O r a n g e  

GK,  P e r m a n e n t   Red  4 R ,   B r i l l i a n t   F a s t   S c a r l e t ,   P e r m a n e n t  

Red  F2R,  Lake  Red  C,  C i n q u a s i a   Red  Y  (Dup)  (C.  I .   4 6 5 0 0 ) ,  

P e r m a n e n t   P i n k   E  (FH)  [ Q u i d o   M a g e n t a   RV  6 8 0 3 ( H A R ) ] ,  

and  P h t h a l o c y a n i n e   B lue   ( C . I .   P i g m e n t   Blue   1 5 ) .  

E x a m p l e s   o f   u s e f u l   d y e s   a r e   a z o i c   d y e s ,  

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

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

The  p i g m e n t s   and  d y e s   d e s c r i b e d   a r e   u s e d  

e i t h e r   a l o n e   or  in  c o m b i n a t i o n   a c c o r d i n g   to  the   c o l o r  

d e s i r e d   to  be  f o r m e d   on  a  t r a n s f e r   r e c o r d i n g   s h e e t .  



The  a m o u n t   of  t h e   p i g m e n t   or  dye  can  be  v a r i e d  

o v e r   a  w ide   r a n g e  a c c o r d i n g   to  t he   t y p e ,   c o l o r   i n t e n s i t y ,  

e t c .   of  t he   c o l o r i n g   s u b s t a n c e .   G e n e r a l l y ,   i t   is   a t  

l e a s t   1  p a r t   by  w e i g h t ,   p r e f e r a b l y   2  to  1 , 0 0 0   p a r t s  

by  w e i g h t ,   more  p r e f e r a b l y   3  to  500  p a r t s   by  w e i g h t ,   p e r  

100  p a r t s   by  w e i g h t   of  t he   r e s i n .  

When  t h e   p i g m e n t   or  dye  i s   to  be  i n c o r p o r a t e d  

in  b o t h   o f   t h e   s e m i c o n d u c t i v e   r e s i n   l a y e r   4  and  t h e  

c o n d u c t i v e   r e s i n   l a y e r   6,  i t   i s   d e s i r a b l e   t h a t   p i g m e n t s  

or  d y e s   be  of   an  i d e n t i c a l   c o l o r   or  have   c o l o r s   of  t h e  

same  s e r i e s .  

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

m a t e r i a l   of   t h i s   i n v e n t i o n   c a n   be  f o r m e d   by  k n o w n  

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

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

c a s t i n g   m e t h o d ,   an  e m u l s i o n   c a s t i n g   m e t h o d   or  c o m b i -  

n a t i o n s   of  t h e s e   m e t h o d s .  

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

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

an  e l e c t r i c   d i s c h a r g e   t r a n s f e r   r e c o r d i n g   m a t e r i a l   or  a n  

e l e c t r i c   s t e n c i l   m a s t e r   s h e e t .  

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

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

by  s u p e r i m p o s i n g   the   t r a n s f e r   r e c o r d i n g   medium  o n t o   a 

r e c o r d i n g   s h e e t   8,  e . g . ,   c e l l u l o s i c   p a p e r ,   a  s y n t h e t i c  

p a p e r - l i k e   s h e e t   or  a  p l a s t i c   s h e e t   so  t h a t   t he   c o n d u c -  

t i v e   l a y e r   6  c o n t a c t s   r e c o r d i n g   s h e e t   8.  When  e l e c t r i c  

d i s c h a r g e   r e c o r d i n g   is  p e r f o r m e d   by  a  d i s c h a r g e   r e c o r d -  

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

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

r e s i n   l a y e r   2,  t he   s e m i c o n d u c t i v e   r e s i n   l a y e r   4  and  t h e  

c o n d u c t i v e   l a y e r   6  a r e   s i m u l t a n e o u s l y   b r o k e n   by  e l e c t r i c  



d i s c h a r g i n g ,   and  t h e   b r o k e n   p i e c e s   10  a r e   t r a n s f e r r e d   t o  

t h e   r e c o r d   s h e e t   and  f i x e d   t h e r e o n ,   t h e r e b y   a c h i e v i n g  
t r a n s f e r   r e c o r d i n g .  

A c c o r d i n g   to   a  f u r t h e r   e m b o d i m e n t   of   t h e  

p r e s e n t   i n v e n t i o n ,   a  c o l o r   c o u p l e r   may  be  p u t   in  one  o r  

more   t r a n s f e r   l a y e r s   to  r e a c t   w i t h   a  m a t e r i a l   in  t h e  

r e c o r d i n g   m a t e r i a l   or   p a p e r ,   to   g e n e r a t e   a  c o l o r e d  

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

I t   i s   u n d e r s t o o d   t h a t   t he   e l e c t r i c   d i s c h a r g e  

t r a n s f e r   f i l m   of   t h i s   i n v e n t i o n   can  be  p r o c e s s e d   to   a n y  
d e s i r e d   w i d t h   or  l e n g t h   in  a c c o r d a n c e   w i t h   i t s   d e s i r e d  

u s e .   For  e x a m p l e ,   t h e   t r a n s f e r   f i l m   can  be  u s e d   in  t h e  

f o r m   of   a  n a r r o w   t a p e ,   s u c h   as  a  t y p e w r i t e r   r i b b o n .  

In  e l e c t r i c   d i s c h a r g e   r e c o r d i n g ,   t h e   s e m i -  

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

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

a r e   b r o k e n   d o w n ,   b u t   t h e   e l e c t r o c o n d u c t i v e   p o w d e r -  

c o n t a i n i n g   r e s i n   l a y e r   i s   n o t   b r o k e n   b e c a u s e   of   i t s  

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

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

a t   t h e   t i m e   of  e l e c t r i c   d i s c h a r g e   b r e a k d o w n   is  i n h i b i t e d ,  

and  s o o t   or  a  c o l o r i n g   s u b s t a n c e   s u c h   as  c a r b o n   b l a c k   i s  

p r e v e n t e d   f rom  s c a t t e r i n g   and  a d h e r i n g   to  t he   d i s c h a r g e  

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

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

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

h i g h   r e l i a b i l i t y .   The  t e r m   " e l e c t r i c a l   a n i s o t r o p y "  

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

e l e c t r o c o n d u c t i v e   p a r t i c l e   c o n t a i n i n g   r e s i n   l a y e r   2  i n  

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

l a y e r   in  t he   l a t e r a l   d i r e c t i o n .  



The  use   of  t h e   c o m p o s i t e   e l e c t r i c   d i s c h a r g e  

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

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

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

a n c e   and  a  s o f t   t o n e   can  be  o b t a i n e d .  

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

m a t e r i a l   of  t h i s   i n v e n t i o n   can  be  used  a  p l u r a l i t y   o f  

t i m e s .  

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

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

in  f a c s i m i l e   s y s t e m s ,   t e r m i n a l   r e c o r d i n g   d e v i c e s   i n  

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

a u t o m a t i c   m e a s u r i n g   i n s t r u m e n t s ,   and  v a r i o u s   t y p e s   o f  

p r i n t e r s ,   e t c .  

In   t h e   p r e s e n t   s p e c i f i c a t i o n ,   t h e   t e r m s  

" s u r f a c e   r e s i s t a n c e *   and  " v o l u m e   r e s i s t a n c e "   i s   d e t e r -  

mined   in  a c c o r d a n c e   w i t h   t h e   m e t h o d   d e s c r i b e d   by  H.  R .  

D a l t o n   in  U .S .   P a t e n t   2 , 6 6 4 , 0 4 4 .  

In  t h e   d e t a i l e d   d e s c r i p t i o n   of   t h e   p r e s e n t  

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

and  two  t r a n s f e r   l a y e r s   i s   d i s c l o s e d .   I t   i s   u n d e r s t o o d  

t h a t   t h e   p r e s e n t   i n v e n t i o n   a l s o   e n c o m p a s s e s   t h e   use   o f  

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

or  p o s s i b l y   more   t h a n   two  r e s i n   l a y e r s   p r o v i d e d   t h a t  

a t   l e a s t   one   o f   t h e   l a y e r s   i s   t h e r m a l l y   or  e l e c t r o -  

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

p a p e r   s h e e t .  

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

p r e s e n t   i n v e n t i o n .  



EXAMPLE  1 

A  t r a n s f e r   s h e e t   in  a c c o r d a n c e   w i t h   t h i s  

i n v e n t i o n   was  p r e p a r e d   as  f o l l o w s .  

A  s t o c k   s o l u t i o n   (A-1)  c o n t a i n i n g   2 7 . 5   g r a m s  

E s t a n e   5715  ( p o l y u r e t h a n e )   s o l d   by  B.  F.  G o o d r i c h   C o . ,  
and  7 2 . 5   g r a m s   m e t h y l   e t h y l   k e t o n e   was  mixed   t o g e t h e r  

and  s t i r r e d   u n t i l   c o m p l e t e   d i s s o l u t i o n   was  a c h i e v e d .  

A  s e c o n d   s o l u t i o n   c o n t a i n i n g   10  g r ams   of  p a r t i c u l a t e  

g r a p h i t e ,   s o l d   as  M i c r o   650  by  A s b u r y   G r a p h i t e ,   90  g r a m s  
r e s i n   s o l u t i o n ,   40  g r a m s   m e t h y l   e t h y l   k e t o n e ,   and  2 . 1  

g r a m s   Byk  S p e c i a l   s o l d   by  M a l l i n c k r o d t   C h e m i c a l   C o m p a n y ,  

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

b l e n d e r   f o r   15  m i n u t e s   and  t h e n   a l l o w e d   to  s e t t l e   f o r   1 5  

m i n u t e s .  

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

s h e e t   w i t h   a  gap   c o a t e r   to  a  d ry   t h i c k n e s s   of  1 .1   m i l s ,  

a i r   d r i e d   f o r   5  m i n u t e s   and  t h e n   d r i e d   in  a  oven   a t   6 5 o C  

f o r   15  m i n u t e s .  

A n o t h e r   s o l u t i o n   (B)  was  p r e p a r e d   by  i n t r o -  

d u c i n g   2 2 . 5   g r a m s   p o l y - n - b u t y l   m e t h a c r y l a t e ,   s o l d   a s  

ELVACITE  2044  by  E . I .   du  Pon t   de  Nemours   &  C o . ,   and  7 4 . 4  

g r a m s   TOLUSOL  25,  s o l d   by  S h e l l   C h e m i c a l   Company ,   i n t o  

an  8  oz .   p l a s t i c   b o t t l e .   The  b o t t l e   was  r o l l e d   on  a  

j a r   n u l l   u n t i l   t h e   c o n t e n t s   were   d i s s o l v e d .   7 . 5   g r a m s  
B l a c k   P e a r l s   L  w h i c h   i s   c a r b o n   b l a c k ,   s o l d   by  C a b o t  

C o r p o r a t i o n ,   and  600  g r a m s   of  1 / 4 "   s t a i n l e s s   s t e e l   ( T y p e  

440)  s h o t   was  a d d e d   to  t he   s o l u t i o n   and  the   same  w a s  

m i l l e d   f o r   16  h o u r s .   The  r e s u l t i n g   s o l u t i o n   was  c o a t e d  

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

u s i n g   a  Mayer  rod  ( a b o u t   # 2 2 ) .   The  p r o d u c t   was  o v e n  

d r i e d   a t   65°C  f o r   3  m i n u t e s .  



A  f i n a l   s o l u t i o n   (C-1)  was  p r e p a r e d   by  i n t r o -  

d u c i n g   2 5 . 0   g r a m s   A q u a d a g   E  ( g r a p h i t e   d i s p e r s i o n ,   22% 

s o l i d s   in  w a t e r )   and   7 5 . 0   g r a m s   e t h a n o l   in  an  8  o z .  
b o t t l e .   The  c o n t e n t s   w e r e   s t i r r e d   r a p i d l y   f o r   6 0  

m i n u t e s   w i t h   v o r t e x   b l a d e s .   T h i s   s o l u t i o n   was  c o a t e d  

o v e r   t h e   s e c o n d   c o a t i n g   ( f r o m   s o l u t i o n   B)  to   a  d r y  

t h i c k n e s s   o f   0 . 3   m i l   u s i n g   a  M a y e r   r o d   ( a b o u t   # 1 8 )  

and  oven   d r i e d   a t   650C  f o r   3  m i n u t e s .  

EXAMPLE  2 

A  t r a n s f e r   s h e e t   was  p r e p a r e d   in  a c c o r d a n c e  

w i t h   E x a m p l e   1  e x c e p t   t h a t   a  s o l u t i o n   (C-2)   c o n t a i n i n g  

2 5 . 0   g r a m s   AQUABLACK  5 4 8 - 1 7   (24%  c a r b o n   b l a c k   in  w a t e r )  

or   4 2 8 - 2 3 8 ,   s o l d   by  B o r d e n   C h e m i c a l   C o . ,   2 . 0   g r a m s  

R h o p l e x   P - 3 7 6   ( a c r y l i c   r e s i n   d i s p e r s i o n   in  w a t e r ,   50% 

s o l i d s )   and  2 7 . 0   g r a m s   w a t e r   was  s u b s t i t u t e d   f o r   s o l u -  

t i o n   C-1  and  p r o c e s s e d   in  the   same  m a n n e r   as  s o l u t i o n  

C - 1 .  



1.  An  e l e c t r i c   d i s c h a r g e   t r a n s f e r   m a t e r i a l  

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

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

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

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

(1)  g r a p h i t e   p a r t i c l e s   h a v i n g   a  p a r t i c l e  
s i z e   b e t w e e n   0 . 1   to   20  m i c r o n s ,  

(2)  c a r b o n   b l a c k   p a r t i c l e s   h a v i n g   a  

p a r t i c l e   s i z e   b e t w e e n   25  t o   5 0 0  

m i l l i m i c r o n s ,   o r  

(3)  m e t a l   p o w d e r s ;   a n d  

(b)  a t   l e a s t   one  t h e r m a l   or  e l e c t r o t h e r m a l  

t r a n s f e r   l a y e r   in  t he   form  of  a  r e s i n   l a y e r   c a p a b l e   o f  

b e i n g   b r o k e n   by  e l e c t r i c a l   d i s c h a r g e   and  t r a n s f e r r e d   t o  

a  r e c o r d   s h e e t .  

2.  An  e l e c t r i c   d i s c h a r g e   t r a n s f e r   m a t e r i a l  

a c c o r d i n g   to  c l a i m   1  f u r t h e r   c h a r a c t e r i z e d   by  c o m p r i s i n g :  

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

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

r e s i s t a n c e   of  105  to  1016  ohms  and  a  v o l u m e   r e s i s t a n c e  

of  103  to  1014  o h m s - c m ;  

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

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

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

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

r e s i n   l a y e r   ( a ) ;   a n d  



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

r e s i s t a n c e   of  n o t   m o r e   t h a n   104  ohms  and  a  v o l u m e  

r e s i s t a n c e   of  no t   more   t h a n   102  o h m s - c m ,   s a i d   c o n d u c t i v e  

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

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

3.  An  e l e c t r i c   d i s c h a r g e   t r a n s f e r   m a t e r i a l  

a c c o r d i n g   to  c l a i m   2  f u r t h e r   c h a r a c t e r i z e d   in  t h a t   a t  

l e a s t   one  of  t he   s e m i c o n d u c t i v e   r e s i n   l a y e r   (a)  and  t h e  

c o n d u c t i v e   l a y e r   (c)   c o n t a i n s   a  c o l o r i n g   s u b s t a n c e .  

4.  An  e l e c t r i c   d i s c h a r g e   t r a n s f e r   m a t e r i a l  

a c c o r d i n g   to  c l a i m   3  f u r t h e r   c h a r a c t e r i z e d   in  t h a t   t h e  

c o l o r i n g   s u b s t a n c e   i s   c a r b o n   b l a c k .  

5.  An  e l e c t r i c   d i s c h a r g e   t r a n s f e r   m a t e r i a l  

a c c o r d i n g   to  any  one  of  c l a i m s   1-4  f u r t h e r   c h a r a c t e r i z e d  

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

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

or  t h e r n o s e t t i n g   r e s i n   and  c a r b o n   b l a c k   and  a  f i l l e r  

d i s p e r s e d   t h e r e i n .  

6.  An  e l e c t r i c   d i s c h a r g e   t r a n s f e r   m a t e r i a l  

a c c o r d i n g   to  any  one  of  c l a i m s   1-5  f u r t h e r   c h a r a c t e r i z e d  

in  t h a t   t h e   s a i d   e l e c t r i c a l l y   a n i s o t r o p i c   r e s i n   l a y e r  

c o m p r i s e s   b e t w e e n   60  to   70%  by  w e i g h t   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   b e t w e e n   25  and  500  m i l l i m i c r o n s ,  

b a s e d   on  t he   t o t a l   w e i g h t   of  the   r e s i n   and  c a r b o n   b l a c k .  

7.  An  e l e c t r i c   d i s c h a r g e   t r a n s f e r   m a t e r i a l  

a c c o r d i n g   to  any  one  of  c l a i m s   1-5  f u r t h e r   c h a r a c t e r i z e d  

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

c o m p r i s e s   b e t w e e n   5  and  65%  by  w e i g h t   g r a p h i t e   h a v i n g  

a  p a r t i c l e   s i z e   b e t w e e n   0 .1   and  20  m i c r o n s ,   b a s e d   on  t h e  

w e i g h t   of  t he   r e s i n .  



8.  An  e l e c t r i c   d i s c h a g e   t r a n s f e r   m a t e r i a l  

a c c o r d i n g   to  any  one  of  c l a i m s   1-7  f u r t h e r   s a i d   r e s i n  
m a t r i x   c o m p r i s e s   a  p h e n o x y   r e s i n   of   t h e   f o r m u l a :  

w h e r e i n   n  i s   a b o u t   1 0 0 .  

9.  A  m e t h o d   f o r   m a k i n g   an  e l e c t r i c a l l y  

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

d i s c h a r g e   t r a n s f e r   m a t e r i a l s   o f   c l a i m   7  or  c l a i m   7 
c h a r a c t e r i z e d   by  c o m p r i s i n g   the   s t e p s   o f :  

(a)  g r i n d i n g   a  s l u r r y   of   g r a p h i t e   p a r t i c l e s  

in  t h e   p r e s e n c e   of  w a t e r   or  s o l v e n t   h a v i n g   f r e e z i n g   a n d  

v a p o r   p r e s s u r e   p r o p e r t i e s   s i m i l a r   to  w a t e r   f o r   a  p e r i o d  

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

t h e   g r a p h i t e   p a r t i c l e s   in  s a i d   w a t e r   or  s o l v e n t ;  

(b)  a d d i n g   a  b i n d i n g   p o l y m e r   to  s a i d   g r a p h i t e  

s l u r r y ,   e i t h e r   as  p a r t   of  s t e p   (a)  or  i m m e d i a t e l y   a f t e r  

s t e p   ( a ) ,   w h e r e i n   s a i d   p o l y m e r   is   s o l u b l e   in  s a i d   w a t e r  

or  s o l v e n t ;  

(c)  f r e e z i n g   s a i d   s l u r r y ;  

(d)  d r y i n g   s a i d   s l u r r y   w h e r e i n   s a i d   w a t e r   o r  

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

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

a t   l e a s t   a  s u b s t a n t i a l   p o r t i o n   of  t h e s e   p a r t i c l e s   have   a  

d i a m e t e r   of  a t   l e a s t   0 .2   m i c r o n s ;   a n d  

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

i n t o   a  s u p p o r t   l a y e r   fo r   an  e l e c t r o c o n d u c t i v e   t r a n s f e r  

f i l m .  



10.   A  m e t h o d   a c c o r d i n g   to   c l a i m   9  f u r t h e r  

c h a r a c t e r i z e d   by  s o l v e n t   c a s t i n g   s a i d   c o a t e d   g r a p h i t e  

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

t r a n s f e r   f i l m .  

11.   A  m e t h o d   a c c o r d i n g   to  c l a i m   9  or  c l a i m   10  

f u r t h e r   c h a r a c t e r i z e d   in  t h a t   t h e   s a i d   w a t e r - s o l u b l e   o r  

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

g e l a t i n g   or  m e t h y l   c e l l u l o s e .  

12.   A  m e t h o d   a c c o r d i n g   to  any  one  of  c l a i m s  

9 - 1 1   f u r t h e r   c h a r a c t e r i z e d   in  t h a t   t h e   s a i d   s o l v e n t   i s  

t - b u t y l   a l c o h o l ,   c y c l o h e x a n e ,   b e n z e n e ,   d i o x a n e ,   o r  

p - x y l e n e .  
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