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,5*)  One  part  toner  powder  composition. 

(57)  A  one-part,  flowable,  dry,  electrostatically  attractable 
toner  powder  comprising 

(a)  particles  each  comprising  a  blend  of  from  about  30  to 
80  parts  by  weight  thermoplastic  binder  and,  corresponding- 
ly,  from  about  70  to  20  parts  by  weight  magnetically 
responsive  material;  and 

(b)  a  surface  treatment  composition  comprising  0.1  to  2 
parts  by  weight  fluoroaliphatic  compound  per  100  parts  by 
weight  of  said  particles.  The  toner  powder  possesses 
humidity  resistance  and  improve  image  quality,  particularly 
in  terms  of  image  sharpness. 
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1.  A  o n e - p a r t ,   f l o w a b l e ,   d r y ,   e l e c t r o s t a t i c a l l y  

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

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

f r o m   a b o u t   30  to   80  p a r t s   by  w e i g h t   t h e r m o p l a s t i c  

b i n d e r   a n d ,   c o r r e s p o n d i n g l y   f rom  a b o u t   70  to   20  p a r t s  

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

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

c o m p r i s i n g   f r o m   a b o u t   0 . 1   to  2  p a r t s   by  w e i g h t  

f l u o r o a l i p h a t i c   c o m p o u n d   p e r   100  p a r t s   by  w e i g h t   o f  

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

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

2.  A  t o n e r   p o w d e r   in  a c c o r d a n c e   w i t h   c l a i m   1  w h e r e i n   s a i d  

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

a b o u t   0 . 1   to   2 .5   p a r t s   by  w e i g h t   s i l i c o n   d i o x i d e   p e r  

100  p a r t s   by  w e i g h t   of  s a i d   p a r t i c l e s ,   s a i d   s i l i c o n  

d i o x i d e   h a v i n g   an  a v e r a g e   d i a m e t e r   s m a l l e r   t h a n   s a i d  

p a r t i c l e s .  

3.  A  t o n e r   p o w d e r   in  a c c o r d a n c e   w i t h   c l a i m   1  o r   2  w h e r e i n  

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

f r o m   a b o u t   0 . 1   to   2  p a r t s   by  w e i g h t   c a r b o n   p e r   1 0 0  

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

an  a v e r a g e   d i a m e t e r   s m a l l e r   t h a n   s a i d   p a r t i c l e s .  

4.  A  t o n e r   p o w d e r   in  a c c o r d a n c e   w i t h   c l a i m  1   w h e r e i n   s a i d  

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

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

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

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

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

3  Rf  is  a  f l u o r o a l i p h a t i c   g r o u p ,   Z  is   a  t e r m i n a l   g r o u p ,  

and  Qm  is   a  l i n k i n g   g r o u p   j o i n i n g   Rf  and  Z .  



6.  A  t o n e r   p o w d e r   in  a c c o r d a n c e   w i t h   c l a i m   5  w h e r e i n   s a i d  

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

C 8 F 1 7 S O 2 N ( C 2 H 5 ) C 2 H 4 O C O N H  

( C 8 F 1 7 S O 2 N H C 3 H 6 N ( C H 3 ) 3⊕ ) I @  

C 8 F i 7 S O 2 N ( C H 3 ) H  

C 8 F 1 7 S O 2 N ( C 2 H 5 ) C H 2 C O O H  

C 8 F 1 7 S O 3 K  

C 8 F 1 7 S O 2 N H C 2 H 4 N H C 2 H 4 N H 2  

( C 8 F 1 7 S O N ( C 2 H 5 ) C 2 H 4 ) 2 P O O H  

C 8 F i 7 S O 2 N ( C 2 H 5 ) C 2 H 4 O P O ( O H ) 2  

( C a F 2 a + 1 C 2 H 4 O ) 2 P ( O ) ( O N H 4 )  

C a F 2 a + 1 C 2 H 4 S C H C O O M  

CH2COOM 

w h e r e   M  is   h y d r o g e n   or   a  m e t a l l i c   i o n .  

7.  A  t o n e r   p o w d e r   a c c o r d i n g   to   c l a i m   6  w h e r e i n   s a i d  

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

C 8 F 1 7 S O 2 N ( C 2 H 5 ) C 2 H 4 O C O N H  

( C 8 F 1 7 S O 2 N H C 3 H 6 N ( C H 3 ) 3⊕ ) I @  

C 8 F i 7 S O 2 N ( C 2 H 5 ) C H 2 C O O H  

CaF2a+1C2H4SCHCOOM 

CH2COOM 

8.  A  t o n e r   p o w d e r   in  a c c o r d a n c e   w i t h   c l a i m   7  w h e r e i n   s a i d  

f l u o r o a l i p h a t i c   c o m p o u n d   is  C 8 F 1 7 S O 2 N ( C 2 H 5 ) C H 2 C O O H .  



3.  A  m e t h o d   of  e l e c t r o g r a p h i c   r e c o r d i n g   c o m p r i s i n g :  

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

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

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

a  b l e n d   of  f r o m   a b o u t   30  to   80  p a r t s   by  w e i g h t   t h e r m o -  

p l a s t i c   b i n d e r   a n d ,   c o r r e s p o n d i n g l y ,   f r o m   a b o u t   70  t o  

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

and  (b)  a  s u r f a c e  - t r e a t m e n t   c o m p o s i t i o n   c o m p r i s i n g  

f r o m   a b o u t   0 . 1   to   2  p a r t s  b y   w e i g h t   f l u o r o a l i p h a t i c  

c o m p o u n d   p e r   100  p a r t s   by  w e i g h t   of  s a i d   p a r t i c l e s ,  

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

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

t o n e r   p o w d e r   to  s a i d   e l e c t r o s t a t i c   image   a r e a   a n d  

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

f i x i n g   s a i d   t o n e r   p o w d e r   by  means   of  h e a t ,  

p r e s s u r e ,   or   h e a t   and  p r e s s u r e .  

10 .   A  p r o c e s s   of  p r e p a r i n g   a  o n e - p a r t ,   f l o w a b l e ,   d r y ,  

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

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

p r i s i n g   a  b l e n d   of  f r o m   a b o u t   30  to   80  p a r t s   b y  

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

f r o m   a b o u t   70  to   20  p a r t s   by  w e i g h t   m a g n e t i c a l l y  

r e s p o n s i v e   m a t e r i a l ;  

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

c o m p r i s i n g   f r o m   a b o u t   0 . 1   to   2  p a r t s   by  w e i g h t  

f l u o r o a l i p h a t i c   c o m p o u n d   p e r   100  p a r t s   by  w e i g h t  

o f   s a i d   p a r t i c l e s ;  

m i x i n g   s a i d   p a r t i c l e s   and  s a i d   s u r f a c e   t r e a t -  

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

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

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

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

s u r f a c e   of  s a i d   p a r t i c l e s ;  

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

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

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



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

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

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

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

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

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

.1.  A  t o n e r   p o w d e r   in  a c c o r d a n c e   w i t h   c l a i m   4  w h e r e i n   s a i d  

f l u o r o a l i p h a t i c   c o m p o u n d   is   p o l y m e r i c .  



T e c h n i c a l   F i e l d  

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

t i o n s   s u i t a b l e   f o r   use   in  e l e c t r o g r a p h i c   r e c o r d i n g .   M o r e  

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

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

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

B a c k g r o u n d   A r t  

O n e - p a r t   t o n e r   p o w d e r   f o r m u l a t i o n s   ( s o m e t i m e s  

known  as  s i n g l e -   or   m o n o - c o m p o n e n t   t o l . c r s )   a r e   k n o w n .  

They   d i f f e r   f r o m   t w o - p a r t   or  two  c o m p o n e n t   d e v e l o p i n g  

p o w d e r s   in  t h a t   t h e y   do  n o t   u t i l i z e   a  m i x t u r e   of   c a r r i e r  

p a r t i c l e s   and  t o n e r   p o w d e r   p a r t i c l e s   to  make  up  t h e  

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

p o w d e r s   a r e   m a g n e t i c a l l y   r e s p o n s i v e   and  do  n o t   u t i l i z e   a  

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

O n e - p a r t   t o n e r   p o w d e r s   may  be  e i t h e r   h e a t -  

f u s i b l e   or  p r e s s u r e - f i x a b l e .   H e a t - f u s i b l e   t o n e r   p o w d e r s  

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

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

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

t o g e t h e r   and  a d h e r e   to  t he   s u b s t r a t e .   P r e s s u r e - f i x a b l e  

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

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

them  to  c o a l e s c e   and  a d h e r e   t o  t h e   s u b s t r a t e .  

A l t h o u g h   b o t h   h e a t - f u s i b l e   and  p r e s s u r e - f i x a b l e  

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

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

t a g e s .   For  e x a m p l e ,   t he   i m a g e s   p r o d u c e d   w i t h   s u c h   p o w d e r s  

g e n e r a l l y   h a v e   p o o r   r e s o l u t i o n .   T h u s ,   t h e y   l a c k   s h a r p  

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

l e t t e r s   A,  a,  B,  b,  D,  d,  and  0,  s u f f e r   f rom  " f u z z y - f i l l -  



in"   ( i . e . ,   t h e r e   is  s i g n i f i c a n t   t o n e r   d e p o s i t e d   in  s u c h  

o p e n i n g s   t h e r e b y   r e n d e r i n g   t hem  i n d i s t i n c t ) .   A d d i t i o n -  

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

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

b e t w e e n   l e t t e r s .   C o n s e q u e n t l y ,   t h e   r e s u l t a n t   p h o t o c o p i e s  

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

r e a d .  

A d d i t i o n a l l y ,   t h e   f l o w   p r o p e r t i e s   and  d e v e l o p i n g  

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

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

t h e y   may  r e s i s t   f l o w ,   e . g . ,   by  c a k i n g   or   f o r m i n g   c l u m p s ,  

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

or   c l u m p i n g   may  a l s o   c a u s e   c l o g g i n g   in  t he   d e v e l o p m e n t  

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

t o n e r   p o w d e r   a n d ,   c o n s e q u e n t l y ,   p o o r   copy   q u a l i t y .  

The  f o r e g o i n g   d i s a d v a n t a g e s   a r e   o v e r c o m e   in  t h e  

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

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

c o m p o u n d .  

A l t h o u g h   t h e   use   of  f l u o r o c h e m i c a l   m a t e r i a l s   h a s  

b e e n   d i s c l o s e d   p r e v i o u s l y ,   s e e   U . S .   P a t e n t s   3 , 7 9 8 , 1 6 7 ;  

4 , 0 0 2 , 5 7 0 ;   4 , 0 7 3 , 9 8 0 ;   4 , 1 3 9 , 4 8 3 ;   4 , 1 9 8 , 4 7 7 ;   B r i t i s h   P a t e n t  

2 , 0 3 4 , 9 0 7 ;   and  c o p e n d i n g   U . S .   a p p l i c a t i o n   s e r i a l   n u m b e r  

' 8 4 , 6 0 7   f i l e d   O c t o b e r   15,   1979  and  now  U . S .   P a t e n t  

4 , 2 6 8 , 5 9 8 ,   a p p l i c a n t   i s   a w a r e   of  no  d i s c l o s u r e   of  t h e   u s e  

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

c o m p o u n d   as  a  s u r f a c e   t r e a t m e n t   f o r   a  o n e - p a r t   t o n e r  

p o w d e r .  

-Of  t h e   a b o v e - m e n t i o n e d   p a t e n t s ,   a l l   e x c e p t   t h e  

B r i t i s h   P a t e n t   and  t h e   c o p e n d i n g   U n i t e d   S t a t e s  a p p l i c a t i o n  

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

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

U . S .   P a t e n t   3 , 7 9 8 , 1 6 7   d i s c l o s e s   t he   a p p l i c a t i o n   of   a  

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

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

m a t e r i a l .   U .S .   P a t e n t   4 , 0 0 2 , 5 7 0   d i s c l o s e s   a  t h r e e  

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



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

p a r t i c u l a t e ,   c r o s s - l i n k e d   p o l y v i n y l i d e n e   f l u o r i d e .   T h e  

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

and  a c t   as  e f f e c t i v e   p h o t o r e c e p t o r   c l e a n i n g   m a t e r i a l s .  

U . S .   P a t e n t   4 , 0 7 3 , 9 8 0   d i s c l o s e s   a  two  c o m p o n e n t   d e v e l o p i n g  

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

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

t h e i r   s u r f a c e .   U .S .   P a t e n t s   4 , 1 3 9 , 4 8 3 ,   and  4 , 1 9 8 , 4 7 7  

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

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

o u t ,   r a t h e r   t h a n   c o a t e d   on ,   t h e   b i n d e r   of  t h e   t o n e r  

p o r t i o n   of   t h e   c o m p o s i t i o n .  

F l u o r o c h e m i c a l   m a t e r i a l s   have   a l s o   b e e n  

p r e v i o u s l y   u t i l i z e d   w i t h   o n e - p a r t   t o n e r   p o w d e r s •   T h u s ,  

B r i t i s h   p a t e n t   2 , 0 3 4 , 9 0 7   A  ( p u b l i s h e d   J u n e   11,   1 9 8 0 )  

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

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

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

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

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

C o p e n d i n g   U . S .   a p p l i c a t i o n   8 4 , 6 0 7 ,   f i l e d   O c t o b e r -  

15,   1 9 7 9 ,   now  U .S .   P a t e n t   4 , 2 6 8 , 5 9 8 ,   d e s c r i b e s   a  m i x t u r e  

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

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

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

t o n e r   p o w d e r .  

Summary   of   t h e   I n v e n t i o n  

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

is   p r o v i d e d   a  o n e - p a r t ,   f l o w a b l e ,   d r y ,   e l e c t r o s t a t i c a l l y  

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

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

a b o u t  3 0   to   80  p a r t s   by  w e i g h t   t h e r m o p l a s t i c   b i n d e r ,   a n d ,  

c o r r e s p o n d i n g l y ,   f rom  a b o u t   70  to   20  p a r t s   by  w e i g h t  

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

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

f rom  a b o u t   0 .1   to   2  p a r t s   by  w e i g h t   f l u o r o a l i p h a t i c  



c o m p o u n d   p e r   100  p a r t s   by  w e i g h t   of  s a i d   p a r t i c l e s ,   s a i d  

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

s u r f a c e   of  s a i d   p a r t i c l e s .  

The  t o n e r   p o w d e r   of  t he   p r e s e n t   i n v e n t i o n  

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

s u b s t a n t i a l l y   r e d u c e d   " f u z z y   f i l l - i n " ,   and  s u b s t a n t i a l l y  

r e d u c e d   b a c k g r o u n d ,   e v e n   in  t h e   a r e a s   b e t w e e n   i m a g e s .   T h e  

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

" f u z z y   f i l l - i n " ,   and  b a c k g r o u n d .   A d d i t i o n a l l y ,   t h e .  t o n e r  

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

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

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

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

r e d u c e d   " f u z z y - f i l l - i n " ,   and  r e d u c e d   b a c k g r o u n d .  

S t i l l   f u r t h e r ,   t h e   t o n e r   p o w d e r   of  t he   i n v e n t i o n  

t e n d s   to   be  l e s s   s e n s i t i v e   to   c h a n g e s   in  t h e   s i z e   of  t h e  

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

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

in   i m a g e   d e n s i t y   as  t h e   gap  i s   w i d e n e d   w i t h  t h e   i n s t a n t  

t o n e r s   t h a n   w i t h   s u c h   p r i o r   a r t   t o n e r s .   T h i s   p e r m i t s   t h e  

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

t o l e r a n c e s ,   s u c h   as  d o c t o r   b l a d e   g a p ,   may  be  r e l a x e d .   T h e  

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

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

r o u g h   s u r f a c e   d e v e l o p e r   r o l l s .  

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

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

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

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

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

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

D e t a i l e d   D e s c r i p t i o n   of   t h e   I n v e n t i o n  

The  p o w d e r   of   t he   p r e s e n t   i n v e n t i o n   p r e f e r a b l y  

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

95  n u m b e r   p e r c e n t   of  t h e   p a r t i c l e s   h a v e   a  maximum  d i m e n -  

s i o n   in   t h e   r a n g e   of  a b o u t   4  to   30  m i c r o n s .   P r e f e r a b l y  



t h e   p a r t i c l e s   e a c h   c o m p r i s e   a  b l e n d   of  f r o m   a b o u t   35  to   4 5  

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

f r o m   a b o u t   65  to   55  p a r t s   by  w e i g h t   m a g n e t i c a l l y   r e s p o n -  

s i v e   m a t e r i a l .   Most   p r e f e r a b l y   t h e   p a r t i c l e s   e a c h   c o m -  

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

r e s p o n s i v e   m a t e r i a l .  

The  s u r p r i s i n g   i m p r o v e m e n t s   in  copy   q u a l i t y  

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

r e s u l t   of   t r e a t i n g   t h e   s u r f a c e   t h e r e o f   so  t h a t   t h e   t r e a t -  

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

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

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

t h a t   a t t a c h m e n t   is  a c h i e v e d   by  a t   l e a s t   p a r t i a l l y  

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

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

p a r t i c l e s .  

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

s u r f a c e   t r e a t m e n t   c o m p o s i t i o n   may  be  m o n o m e r i c   o r  

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

b o t h   a  f l u o r o a l i p h a t i c   g r o u p   and  a  g r o u p   w h i c h   may  c o n t a i n  

an  a l i p h a t i c   g r o u p ,   an  a r o m a t i c   g r o u p ,  o r   b o t h   and  w h i c h  

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

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

f l u o r o a l i p h a t i c   c o m p o u n d   is   n o t   c r i t i c a l   to   t h e   i n v e n t i o n .  

H o w e v e r ,   t h e   p r e f e r r e d   f l u o r o a l i p h a t i c   c o m p o u n d   may  b e  

r e p r e s e n t e d   as  RfQmZ  w h e r e   Rf  is  a  f l u o r o a l i p h a t i c   g r o u p ,  

Qm  is   a  l i n k i n g   g r o u p ,   and  Z  is  a  t e r m i n a l   g r o u p .  

The  f l u o r o a l i p h a t i c   g r o u p ,   may  be  g e n e r a l l y  

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

of  a t   l e a s t  , 3   c a r b o n   a t o m s .   The  a l p h a t i c   c h a i n   may  b e  

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

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

t r i v a l e n t   n i t r o g e n   a t o m s   b o n d e d   o n l y   to  c a r b o n   a t o m s .   A 

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

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

t h a t   n o t   more   t h a n   one  a tom  of  e i t h e r   is  p r e s e n t   f o r   e v e r y  

two  c a r b o n   a t o m s ,   and  p r e f e r a b l y ,   t he   g r o u p   c o n t a i n s   a t  



l e a s t   a  t e r m i n a l   p e r f l u o r o m e t h y l   g r o u p .   W h i l e   f l u o r o -  

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

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

t h a n   a b o u t   20  c a r b o n   a t o m s   a r e   p r e f e r r e d   s i n c e   l a r g e r  

g r o u p s   u s u a l l y   r e p r e s e n t   a  l e s s   e f f i c i e n t   u t i l i z a t i o n   o f  

f l u o r i n e   t h a n   i s   p o s s i b l e   w i t h   s h o r t e r   c h a i n s .   F l u o r o -  

a l i p h a t i c   g r o u p s   c o n t a i n i n g   a b o u t   5  t o   12  c a r b o n   a t o m s   a r e  

m o s t   p r e f e r r e d .  

In  t h e   l i n k i n g   g r o u p   Qm,  m  is   an  i n t e g e r   f r o m   0 

to   2,  and   Q  r e p r e s e n t s   a  d i r e c t   bond   b e t w e e n   Rf  and   Z  w h e n  

m  is   z e r o ,   or   a  m u l t i f u n c t i o n a l ,   g e n e r a l l y   d i f u n c t i o n a l ,  

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

a l k y l e n e ,   c a r b o n a m i d o   a l k y l e n e   and  t h e   l i k e .   In  s o m e  

i n s t a n c e s   more   t h a n   one  Rf  g r o u p   may  a t t a c h   to  a  s i n g l e   Q 

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

l i n k e d   to   more   t h a n   one  Q  g r o u p ,   or   may  be  l i n k e d   by  a  

s i n g l e   Q  g r o u p   to  more   t h a n   one  Z  g r o u p .  

The  Z  g r o u p   r e p r e s e n t s   an  a n i o n i c ,   a  c a t i o n i c ,   a  

n o n - i o n i c   or   an  a m p h o l y t i c   m o i e t y   o r - c o m b i n a t i o n s   t h e r e o f .  

T y p i c a l   a n i o n i c   g r o u p s   w o u l d   i n c l u d e   -C02M,   - S 0 2 M ,   - S 0 3 M ,  

-OPOOM,  and  - O P ( O M ) 2 ,   w h e r e   M  i s   h y d r o g e n   or   a  m e t a l l i c  

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

c a t i o n i c   g r o u p s   w o u l d   i n c l u d e   -NH2,   -NHR,  w h e r e   R  is   a  

l o w e r   a l k y l   g r o u p   s u c h   as  m e t h y l ,   e t h y l   or   b u t y l ,   -NR31⊕A@, 

w h e r e   RI  i s   a  l o w e r   a l k y l   g r o u p   or   h y d r o g e n   and  A  is   a n  

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

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

- N R 2 @ O   and  t h o s e   d e r i v e d   f r o m   p o l y e t h y l e n e   o x i d e   a n d  

m i x e d   p o l y e t h y l e n e   o x i d e - p o l y p r o p y l e n e   o x i d e   p o l y o l s .  

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

- N ( C 2 H 4 0 H ) 2 ,   -NHC2H4NHC2H4NH2,   - N ( C H 3 ) 2 C 2 H 4 C 0 2 ,  

- N ( C H 3 ) ( C 2 H 4 C O 2 H ) 2  @   0 , - a n d   t h e   l i k e .  

S p e c i f i c   e x a m p l e s   of  u s e f u l   f l u o r o a l i p h a t i c  

c o m p o u n d s   i n c l u d e  



( C 8 F 1 7 S O 2 N H C 3 H 6 N⊕ ( C H 3 ) 3 ) I @  

C 8 F 1 7 S O 2 N ( C H 3 ) H  

C 8 F 1 7 S O 2 N ( C 2 H 5 ) C H 2 C O O H  

C 8 F 1 7 S O 3 K  

C8F17SO2NHC2H4NHC2H4NH2 

( C 8 F 1 7 S O 2 N ( C 2 H 5 ) C 2 H 4 O ) 2 P O O H  

C 8 F 1 7 S O 2 N ( C 2 H 5 ) C 2 H 4 O P O ( O H ) 2  

O t h e r   s p e c i f i c   e x a m p l e s   of  u s e f u l  

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

w h e r e   M  is   as  d e s c r i b e d   a b o v e ,   a v a i l a b l e   as  "MD  31"  f r o m  

I C I ,   L t d . ,  

( C a F 2 a + 1 C 2 H 4 O ) 2 P ( O ) ( O N H 4 ) ,   w h e r e   a  is  an  i n t e g e r   of  f r o m  

a b o u t   5 - 2 5 ,   a v a i l a b l e   as  " Z o n y l "   FSP  f r o m   E.  I:  d u P o n t  

d e N e m o u r s ) ,   a n d  

C a F 2 a + l C 2 H 4 S C H C O O M  

CH2COOM,  w h e r e   a  and  M  a r e   as  d e s c r i b e d   a b o v e ,  

a v a i l a b l e   as  " L o d y n e "   S100  f r o m   C i b a - G e i g y .  

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

u s e f u l   in  t h e   i n v e n t i o n .   For   e x a m p l e ,   t he   c o p o l y m e r   ( 9 5 / 5  

by  w e i g h t )   of  C 8 F 1 7 S O 2 N ( C 2 H 5 ) C 2 H 5 O C O C ( C H 3 ) = C H 2   a n d  

b u t y l a c r y l a t e   is  a  u s e f u l   s u r f a c e   t r e a t m e n t   m a t e r i a l .  

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

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

S t a t e s   P a t e n t s ,   2 , 5 5 9 , 7 5 1 ;   2 , 5 5 9 , 7 4 9 ;   2 , 5 5 9 , 7 5 4 ;  

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



2 , 8 0 9 , 9 9 9 ;   2 , 9 1 5 , 5 5 4 ;   3 , 1 2 9 , 2 5 4 ;   3 , 2 8 2 , 9 0 5 ;   3 , 3 9 8 , 1 8 2 ;  

3 , 9 1 1 , 0 5 6 ;   4 , 1 7 1 , 2 8 2 ;   B r i t i s h   S p e c i f i c a t i o n s   1 , 2 7 0 , 6 6 2 ;  

1 , 1 3 0 , 8 2 2 ;   and   O r g a n i c   F l u o r i n e   C h e m i s t r y ,   M i l a s   H u d l i c k y ,  

P l e n u m   P r e s s ,   N . Y .   ( 1 9 7 1 ) .  

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

b l e n d e d   w i t h   one   or  more   o t h e r   i n g r e d i e n t s   b e f o r e   b e i n g  

a p p l i e d   to   t h e   s u r f a c e   of  t h e   p a r t i c l e s .   T h u s ,   t h e  

s u r f a c e   t r e a t m e n t   may  f u r t h e r   c o m p r i s e   f r o m   a b o u t   0 . 1   t o  

2 . 5 ,   p r e f e r a b l y   0 . 5   to   2 . 5 ,   p a r t s   by  w e i g h t   s i l i c o n  

d i o x i d e   p e r   100  p a r t s   by  w e i g h t   p a r t i c l e s ;   f r om  a b o u t   0 . 1  

t o   2,  p r e f e r a b l y   0 . 5   to   1,  p a r t s   by  w e i g h t   c a r b o n   p e r   1 0 0  

p a r t s   by  w e i g h t   p a r t i c l e s ;   or  b o t h .  

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

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

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

t r e a t m e n t   c o m p o s i t i o n   p r e f e r a b l y   c o m p r i s e s   f r o m   a b o u t   0 . 5  

to   1  p a r t   by  w e i g h t   s i l i c o n   d i o x i d e ,   0 . 4   t o   0 .7   p a r t   b y  

w e i g h t   f l u o r o a l i p h a t i c   c o m p o u n d ,   and  0 . 7   to   0 .8   p a r t   b y  

w e i g h t   c a r b o n   p e r   100  p a r t s   by  w e i g h t   p a r t i c l e s   w h e n  

h e a t - f u s i n g   t o n e r s   a r e   m a d e ;   and  f r o m   a b o u t  1   to   2 . 5   p a r t s  

by  w e i g h t   s i l i c o n   d i o x i d e ,   0 . 6   to   1 . 2   p a r t s   by  w e i g h t  

f l u o r o a l i p h a t i c   c o m p o u n d ,   and  0 . 7   to   0 . 8   p a r t   by  w e i g h t  

c a r b o n   p e r   100  p a r t s   by  w e i g h t   p a r t i c l e s   when  p r e s s u r e -  

f i x i n g   t o n e r s   a r e   m a d e .  

The  s i l i c o n   d i o x i d e   u s e f u l   in  t h e   s u r f a c e   t r e a t -  

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

( i . e . ,   a v e r a g e   d i a m e t e r )   s m a l l e r   t h a n   t h a t   of  t h e   t o n e r  

p o w d e r   p a r t i c l e s   b u t   whose   e x a c t   s i z e   is   o t h e r w i s e   n o t  

c r i t i c a l   to   t h e   i n v e n t i o n .   P r e f e r a b l y   t h e   s i l i c o n   d i o x i d e  

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

h a v i n g   an  a v e r a g e   d i a m e t e r   in  t h e   r a n g e   of  5  to   50  m i l l i -  

m i c r o n s   ( m o s t   p r e f e r a b l y   in  t h e   r a n g e   of   10  to   20  m i l l i -  

m i c r o n s ) .  

S i l i c o n   d i o x i d e   p a r t i c l e s   p e r   se  a r e   known  a n d  

may  be  p r e p a r e d   by,   f o r   e x a m p l e ,   t h e   h y d r o l y s i s   of  s i l i c o n  

t e t r a c h l o r i d e   in  an  o x y g e n - h y d r o g e n   f l a m e .   P y r o g e n i c  

s i l i c o n   d i o x i d e   is  h y d r o p h i l i c   as  p r e p a r e d .   H o w e v e r ,   i t  



can   be  r e n d e r e d   h y d r o p h o b i c ,   i f   d e s i r e d ,   by  r e a c t i n g   t h e  

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

E x a m p l e s   of  u s e f u l   s i l i c o n   d i o x i d e s   i n c l u d e  

" A e r o s i l @ "   200  (a  h y d r o p h i l i c ,   p y r o g e n i c ,   w h i t e   f l u f f y  

p o w d e r ,   99 .8%  S i 0 2 ,   a v e r a g e   p r i m a r y   p a r t i c l e   s i z e   of  1 2  

m i l l i m i c r o n ,   b u l k   d e n s i t y   of  200  m 2 / g ,   and  BET  s u r f a c e  

a r e a   of  2 0 0  +   25  m 2 / G ) ,   and  " A e r o s i l @ "   R972  (a  h y d r o -  

p h o b i c ,   p y r o g e n i c ,   w h i t e   f l u f f y   p o w d e r ,   98 .3%  S i 0 2 ,  

a v e r a g e   p r i m a r y   p a r t i c l e   s i z e   of  16  m i l l i m i c r o n ,   b u l k  

d e n s i t y   of   60  g / l ,   and  BET  s u r f a c e   a r e a   of   1 2 0  +   20  m 2 / g ) .  

T h e s e   m a t e r i a l s   a r e   a v a i l a b l e   f rom  D e g u s s a ,   I n c o r p o r a t e d .  

The  c a r b o n   u s e f u l   in  t he   s u r f a c e   t r e a t m e n t   i s  

a l s o   a  p o w d e r   w h o s e   a v e r a g e   p a r t i c l e   s i z e   ( i . e . ,   a v e r a g e  

d i a m e t e r )   is   s m a l l e r   t h a n   t h a t   of  t h e   t o n e r   p o w d e r  

p a r t i c l e s   b u t   w h o s e   e x a c t   s i z e   i s   o t h e r w i s e   n o t   c r i t i c a l  

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

a v e r a g e   d i a m e t e r   b e l o w   a b o u t   100  m i l l i m i c r o n s   a n d  

p r e f e r a b l y   one  b e l o w   a b o u t   40  m i l l i m i c r o n s .   I t   i s   a l s o  

p r e f e r r e d   t h a t   t h e   c a r b o n   be  c o n d u c t i v e ,   i . e . ,   t h a t   i t  

h a v e   a  s t a t i c   e l e c t r i c a l   c o n d u c t i v i t y   of  a t   l e a s t   1 0 - 2  

r e c i p r o c a l   ohm-cm  in  a  1 0 , 0 0 0   v / c m   e l e c t r i c a l   f i e l d .  

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

d e s c r i b e d   in  U . S .   P a t e n t   3 , 6 3 9 , 2 4 5   a t   c o l u m n   3,  l i n e   4 7  -  

c o l u m n   6,  l i n e   4 6 .  

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

c a r b o n   b l a c k s   s u c h   as  " V u l c a n "   XC-72R,   a  c o n d u c t i v e   c a r b o n  

b l a c k   w i t h   a  maximum  p a r t i c l e   s i z e   of  30  m i l l i m i c r o n   s o l d  

by  C a b o t   C o r p o r a t i o n ;   " C o n d u c t e x "   950 ,   maximum  p a r t i c l e  

s i z e   of  21  m i l l i m i c r o n   s o l d   by  C i t i e s   S e r v i c e ;   " R a v e n "  

1 8 0 0 ,   maximum  p a r t i c l e   s i z e   of  18  m i l l i m i c r o n   s o l d   b y  

C o l u m b i a   C h e m i c a l s ;   " K e t j e n b l a c k "   EC  s o l d   by  N o u r y ;   a n d  

" T h e r m a x "   MT  s o l d   by  R.  T.  V a n d e r b i l t .  

When  a  c o n d u c t i v e   c a r b o n   is  e m p l o y e d   in  t h e  

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

has   a  d y n a m i c   c o n d u c t i v i t y   in  t he   r a n g e   of  2 - 1 5   ( m o s t  

p r e f e r a b l y   6 -9 )   m i c r o a m p e r e s   (µA)  in  an  e l e c t r i c   f i e l d   o f  

1 , 0 0 0   D.C.  v o l t s .   The  d y n a m i c   c o n d u c t i v i t y   r e f e r r e d   t o  



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

h e r e i n a f t e r .  

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

i n v e n t i o n   may  be  any  t h e r m o p l a s t i c   m a t e r i a l  a l t h o u g h  

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

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

t h a t   h a v e   a  m e l t i n g   p o i n t   in  t h e   r a n g e   of  45°C  to  150°C   a s  

m e a s u r e d   a c c o r d i n g   to   A S T M : D - 1 2 7 ,   (b)  o r g a n i c   r e s i n s   t h a t  

h a v e   a  r i n g   and  b a l l   s o f t e n i n g   p o i n t   a b o v e   a b o u t   60°C  a s  

m e a s u r e d   a c c o r d i n g   to   A S T M : E - 1 2 8 ,   and  m i x t u r e s   of  t h e   t w o .  

Waxes   u s e f u l   in  t h e   b i n d e r   i n c l u d e   a l i p h a t i c  

w a x e s   ( e . g . ,   n a t u r a l   or   s y n t h e t i c ) ,   f a t t y   a c i d s   a n d  

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

h y d r o x y l a t e d   f a t t y   a c i d s   or   a m i d e s ,   low  m o l e c u l a r   w e i g h t  

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

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

m a t e r i a l s .  

R e p r e s e n t a t i v e   e x a m p l e s   of  u s e f u l   a l i p h a t i c  

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

c a r a n a u b a   wax,   m o n t a n   wax ,   o u r i c u r y   wax ,   c e r e s i n   w a x ,  

c a n d e l l i l a   wax,   and  s u g a r   c a n e   wax.   R e p r e s e n t a t i v e  

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

p a l m i t i c   a c i d ,   and  b e h e n i c   a c i d .   R e p r e s e n t a t i v e   e x a m p l e s  

of  u s e f u l   m e t a l   s a l t s   of  f a t t y   a c i d s   i n c l u d e   a l u m i n u m  

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

s t e a r a t e ,   z i n c   s t e a r a t e ,   l i t h i u m   s t e a r a t e ,   and  z i n c  

p a l m i t a t e .   R e p r e s e n t a t i v e   e x a m p l e s   of  u s e f u l   f a t t y   a c i d  

d e r i v a t i v e s   i n c l u d e   c a s t o r   wax  ( g l y c e r y l   t r i s - 1 2 - h y d r o x y  

s t e a r a t e ) ,   m e t h y l   h y d r o x y s t e a r a t e   ( c o m m e r c i a l l y   a v a i l a b l e  

u n d e r   t h e   t r a d e   name  " P a r a c i n   1 " ) ,   e t h y l e n e   g l y c o l  

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

t r a d e   name  " P a r a c i n   1 5 " ) ,   and  h y d r o x y s t e a r i c   a c i d .  

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

or   a m i d e s   i n c l u d e   N ( b e t a h y d r o x y e t h y l ) r i c i n o l e a m i d e  

( c o m m e r c i a l l y   a v a i l a b l e   u n d e r   t h e   t r a d e   name  " F l e x r i c i n  

1 1 5 " ) ,   N , N ' e t h v l e n e - b i s - r i c i n o l e a m i d e   ( c o m m e r c i a l l y  

a v a i l a b l e   u n d e r   t h e   t r a d e   name  " F l e x r i c i n   1 8 5 " ) ,  



N ( 2 - h y d r o x y l e t h y l ) - 1 2 - h y d r o x y s t e a r a m i d e   ( c o m m e r c i a l l y  

a v a i l a b l e   u n d e r   t h e   t r a d e   name  " P a r a c i n   2 2 0 . " ) ,   a n d  

N , N ' - e t h y l e n e - b i s - 1 2 - h y d r o x y s t e a r a m i d e   ( c o m m e r c i a l l y  

a v a i l a b l e   u n d e r   t h e   t r a d e   name  " P a r a c i n   2 8 5 " ) .  

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

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

" P o l y w a x e s " ,   e . g . ,   " P o l y w a x "   6 5 5 ,   1 0 0 0 ,   and  2000  s o l d   b y  

t h e   B a r e c o   D i v i s i o n   of   P e t r o l i t e   C o r p o r a t i o n .   O t h e r  

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

m o l e c u l a r   w e i g h t   p o l y e t h y l e n e s   s u c h   as  " P o l y w a x "   E - 2 0 1 8  

and  E - 2 0 2 0   s o l d   by  B a r e c o   D i v i s i o n   of  P e t r o l i t e   C o r p o r a -  

t i o n , . a n d   t h e   " E p o l e n e "   s e r i e s   of  low  m o l e c u l a r   w e i g h t  

p o l y e t h y l e n e   r e s i n s   s u c h   as  " E p o l e n e "   E-14   a v a i l a b l e   f r o m  

E a s t m a n   C h e m i c a l   P r o d u c t s   I n c o r p o r a t e d .   R e p r e s e n t a t i v e  

e x a m p l e s   of  u s e f u l   a r o m a t i c   w a x - l i k e   m a t e r i a l s   i n c l u d e  

d i c y c l o h e x y l p h t h a l a t e ,   d i p h e n y l p h t h a l a t e   and  t h e   " B e  

S q u a r e "   s e r i e s   of   w a x e s   f r o m   t h e   B a r e c o   D i v i s i o n   o f  

P e t r o l i t e   C o r p o r a t i o n ,   s u c h   as  "Be  S q u a r e "   1 9 5 .   The  " B e  

S q u a r e "   w a x e s   a r e   h i g h   m e l t i n g   p o i n t   w a x e s   t h a t   c o n s i s t   o f  

p a r a f f i n s   and  n a p t h e n i c   h y d r o c a r b o n s .  

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

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

2000  m o l .   w t . ) ;   e p o x y   r e s i n s   ( e . g . ,   d i g l y c i d y l   e t h e r   o f  

b i s p h e n o l - A   s u c h  a s   " E p o n "   1 0 0 4 ,   c o m m e r c i a l l y   a v a i l a b l e  

f r o m   S h e l l   C h e m i c a l   C o r p ) ;   a c r y l i c   r e s i n s   ( e . g . ,  

" E l v a c i t e "   2 0 4 4 ,   and  N - b u t y l   m e t h a c r y l a t e   c o m m e r c i a l l y  

a v a i l a b l e   f r o m   E.  I .   d u P o n t   d e N e m o u r s ) ;   v i n y l   r e s i n s   s u c h  

as  p o l y v i n y l   b u t y r a l   ( e . g . ,   " B u t v a r "   B 7 2 - A ,   c o m m e r c i a l l y  

a v a i l a b l e   f r o m   M o n s a n t o   C o m p a n y ) ,   p o l y v i n y l   a c e t a t e   r e s i n s  

( e . g . ,   " G e l v a "   V - 1 0 0 ,   c o m m e r c i a l l y   a v a i l a b l e   f r o m   M o n s a n t o  

C o m p a n y ) ;   v i n y l   c o p o l y m e r s   s u c h   as  v i n y l   c h l o r i d e / v i n y l  

a c e t a t e   ( e . g . ,   "VYHH",  c o m m e r c i a l l y   a v a i l a b l e   f r o m   U n i o n  

C a r b i d e   C o r p . ) ,   e t h y l e n e / v i n y l   a c e t a t e   c o p o l y m e r s ;  

c e l l u l o s e   e s t e r s   s u c h   as  c e l l u l o s e   a c e t a t e   b u t y r a t e   ( e . g . ,  

" E A B - 1 7 1 - 2 5 " ,   c o m m e r c i a l l y   a v a i l a b l e   f rom  E a s t m a n   C h e m i c a l  

P r o d u c t s ,   I n c . ) ,   c e l l u l o s e   a c e t a t e   p r o p i o n a t e ;   a n d  

c e l l u l o s e   e t h e r s .   , 



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

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

o r g a n i c   r e s i n .   Mos t   p r e f e r a b l y   t h e   o r g a n i c   r e s i n   is   a n  

e p o x y   r e s i n .   H o w e v e r ,   some  wax  may  a l s o   be  i n c o r p o r a t e d  

i n t o   t h e   b i n d e r   of   a  h e a t - f u s i b l e   t o n e r   p o w d e r .   The  w a x  

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

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

T y p i c a l l y   t h e   w e i g h t   r a t i o   of   t h e   o r g a n i c   r e s i n   to  t h e   w a x  

i s   b e t w e e n   a b o u t   4 : 1   and  2 0 : 1 .  

When  a  p r e s s u r e   f i x a b l e   d e v e l o p i n g   p o w d e r   i s  

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

wax  a l o n e   or   a  c o m b i n a t i o n   of  t h e   wax  and  t h e   o r g a n i c  

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

w e i g h t   r a t i o   of   wax  to   o r g a n i c   r e s i n   is   b e t w e e n   a b o u t   1 : 1  

to  5 0 : 1 ,   p r e f e r a b l y   b e t w e e n   a b o u t   4 : 1   and  2 0 : 1 .   M o s t  

p r e f e r a b l y   t h e   b i n d e r   c o n s i s t s   e s s e n t i a l l y   of  t h e   wax.   I n  

e i t h e r   e v e n t ,   t h e   wax  p r e f e r a b l y   i s   s e l e c t e d   f rom  m i c r o -  

c r y s t a l l i n e   wax ,   low  m o l e c u l a r   w e i g h t ' p o l y e t h y l e n e   r e s i n ,  

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

p r e s e n t ,   c o m p r i s e s   an  e p o x y   r e s i n .  

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

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

g e n e o u s l y   d i s t r i b u t e d   t h r o u g h o u t   t h e   b i n d e r .   A d d i t i o n -  

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

m i c r o n   or  l e s s .   R e p r e s e n t a t i v e   e x a m p l e s   of  u s e f u l  

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

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

n i c k e l   o x i d e ,   e t c .  

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

p o w d e r s   a r e   k n o w n .   T h u s ,   f o r   e x a m p l e ,   s e e   U.  S.  P a t e n t  

3 , 9 6 5 , 0 2 2 .   T h i s   p a t e n t   d e s c r i b e s   a  b i n d e r   t h a t   c o m p r i s e s  

(a)  a b o u t   74  to   98  p a r t s   by  v o l u m e   of  a  t h e r m o p l a s t i c  

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

6 0 ° C ,   a  1 0 - s e c o n d   s h e a r   c r e e p   c o m p l i a n c e   in  t h e   r a n g e   o f  

a b o u t   1  x  1 0 - 9   c m 2 / d y n e   to   1  x  1 0 - 1 3   c m 2 / d y n e   a t   r o o m  

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

a b o u t   3 0 0 ° C ,   and  (b)  a b o u t   2  to   26  p a r t s   by  v o l u m e   of  a  



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

t e m p e r a t u r e   b e l o w   a b o u t   0°C  as  m e a s u r e d   by  d i f f e r e n t i a l  

t h e r m a l   a n a l y s i s ,   and  a  1 0 - s e c o n d   s h e a r   c r e e p   c o m p l i a n c e  

in  t h e   r a n g e   of  a b o u t   50  c m 2 / d y n e   to   8  x  1 0 - 3   c m 2 / d y n e   a t  

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

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

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

( i . e . ,   low  s h e a r   c r e e p   c o m p l i a n c e   m a t e r i a l s )   and  o f  

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

m a t e r i a l s )   a r e   d i s c l o s e d   in  U .S .   3 , 9 6 5 , 0 2 2 .   T h e  

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

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

O t h e r   i n g r e d i e n t s   may  be  i n c o r p o r a t e d   o n t o   t h e  

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

T h u s ,   f a t t y   a c i d   a m i d e s   c o n t a i n i n g   a t   l e a s t   a b o u t   10  

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

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

f r o m   a b o u t   0 . 0 5   to   2%  by  w e i g h t   of  t h e   f a t t y   a c i d   a m i d e   i s  

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

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

N , N ' - e t h y l e n e - b i s ( t a l l   o i l ) a m i d e ,   and  N , N ' - e t h y l e n e - b i s -  

o l e a m i d e .  

The  d e v e l o p i n g   p o w d e r s   of  t he   i n v e n t i o n   may  b e  

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

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

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

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

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

c o o l ,   g r i n d i n g   the   m i x t u r e   to  fo rm  p a r t i c l e s ,   a n d  

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

s i z e   ( i . e . ,   1  to   40  m i c r o n s   maximum  d i m e n s i o n ) .  

The  p a r t i c l e s ,   w h i c h   a r e   i r r e g u l a r l y   s h a p e d ,   a r e  

t h e n   p r e f e r a b l y   f o r m e d   i n t o   " p r e s p h e r e s "   by  f i r s t  

a s p i r a t i n g   them  i n t o   a  m o v i n g   gas   s t r e a m ,   p r e f e r a b l y   a i r ,  

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

a n g l e   of  a b o u t   9 0 °  +   5°  t h r o u g h   a  s t r e a m   of  g a s ,   a g a i n  

p r e f e r a b l y   a i r ,   w h i c h   h a s   b e e n   h e a t e d   to  a b o u t   450°C  a n d  



6 0 0 ° C   i n t o   a  c o o l i n g   c h a m b e r   w h e r e   t h e   now  s u b s t a n t i a l l y  

s p h e r i c a l   p a r t i c l e s   s e t t l e   by  g r a v i t y   as  t h e y   c o o l .  

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

a p p l i e d   to   t h e   " p r e s p h e r e s " .   When  t h e   t r e a t m e n t   c o m p o s i -  

t i o n   c o n t a i n s   i n g r e d i e n t s   ( e . g . ,   s i l i c o n   d i o x i d e   a n d / o r  

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

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

f o r   e x a m p l e ,   a  " W a r i n g "   b l e n d e r   and  m i x i n g   f o r   a b o u t  

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

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

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

a r e   t h e n   e a c h   a d d e d   to  a  b l e n d e r   ( e . g . ,   a  t w i n   s h e l l  

b l e n d e r   f rom  " P a t t e r s o n   K e l l y " )   and  c o l d   b l e n d e d   a  

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

p l a s t i c   b i n d e r   ( e . g . ,   2 0 - 3 0 ° C )   u n t i l   t h e   s u r f a c e   t r e a t m e n t  

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

t h i s   is   a c c o m p l i s h e d   w i t h i n   t h r e e   h o u r s .   I f   d e s i r e d ,   t h e  

p r e s p h e r e s   may  be  c o l d   b l e n d e d   w i t h   one   of   t h e   a b o v e  

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

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

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

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

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

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

to  t h e   p a r t i c l e s .   T h i s   is  t y p i c a l l y   a c c o m p l i s h e d   in  f r o m  

two  to   s i x   h o u r s .   P r e f e r a b l y   t h e   s u r f a c e   t r e a t m e n t  

c o m p o s i t i o n   is   a t t a c h e d   as  a  l a y e r   or   zone   a t   or  n e a r   t h e  

s u r f a c e   of  t he   p r e s p h e r e s .  

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

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

a g g l o m e r a t e s ,   and  c l a s s i f i e d   so  t h a t   95%  by  w e i g h t   of  t h e  

p r o d u c t   is  g r e a t e r   t h a n   4  m i c r o n s   a v e r a g e   d i a m e t e r   a n d  

o n l y   5%  by  w e i g h t   is  g r e a t e r   t h a n   30  m i c r o n s   a v e r a g e  
d i a m e t e r .  

The  t o n e r   p o w d e r   of  t h e   i n v e n t i o n   is  u s e f u l   i n  

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

image   p a t t e r n   of  t h e   t o n e r   is  f o r m e d   and  s u b s e q u e n t l y  



f i x e d   by  means   of  p r e s s u r e ,   h e a t ,   or  h e a t   and  p r e s s u r e .  
The  d i f f e r e n t i a l   i m a g e   p a t t e r n   may  be  f o r m e d   by ,   f o r  

e x a m p l e ,   f o r m i n g   e l e c t r o s t a t i c   image   a r e a s   on  a  p h o t o c o n -  

d u c t i v e   s u r f a c e   ad  c o n t a c t i n g   t he   image   a r e a s   w i t h  t h e  

t o n e r .   A l t e r n a t i v e l y ,   t h e   d i f f e r e n t i a l   image   p a t t e r n   may  
be  f o r m e d   by  c o n t a c t i n g   a  p a s s i v e   d i e l e c t r i c   s u r f a c e   w i t h  

t h e   t o n e r ;   f o r m i n g   t h e   i m a g e   p a t t e r n   by,   f o r   e x a m p l e ,  

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

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

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

a r e a s .   See  U . S .   P a t e n t   3 , 8 1 6 , 8 4 0   f o r   f u r t h e r   d e s c r i p t i o n  

of  t h i s   p r o c e s s .   I f   d e s i r e d ,   t h e   t o n e d   image   a r e a s   may  b e  

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

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

m e a n s   of  t he   f o l l o w i n g   e x a m p l e s   w h e r e i n   t h e   t e r m   " p a r t s "  

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

In  t h e s e   e x a m p l e s ,   s e v e r a l   p h y s i c a l   c h a r a c t e r -  

i s t i c s   of  t h e   t o n e r - p o w d e r s   we re   m e a s u r e d .   The  t e c h n i q u e s  

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

a.  D y n a m i c   C o n d u c t i v i t y .  

T h i s   p r o p e r t y   s i m u l a t e s   t he   e l e c t r i c a l  

c o n d u c t i v i t y   of  a  t o n e r   p o w d e r   when  u sed   in  an  e l e c t r o -  

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

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

" S e c r e t a r y   I I I "   p h o t o c o p i e r   ( a v a i l a b l e   f rom  t h e   3M 

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

by  an  a l u m i n u m   drum  ( 1 2 . 5   cm  d i a ) .   The  d e v e l o p e r   r o l l  

c o m p r i s e s   a  s t a i n l e s s   s t e e l   s h e l l   ( 3 . 1 5   cm  d i a )   a r o u n d   a n  

8  p o l e   c i r c u l a r   m a g n e t .   A  d o c t o r   b l a d e ,   a  t o n e r  h o p p e r ,  

and  a  1000  v o l t   p o w e r   s u p p l y   a r e   a l s o   s u p p l i e d .   The  g a p  

b e t w e e n   the   d e v e l o p e r   r o l l   and  the   a l u m i n u m   drum  is  s e t   a t  

0 . 0 7 1   cm;  the   gap  b e t w e e n   t h e   d o c t o r   b l a d e   and  t h e   t o n e r  

h o p p e r   a t   0 . 0 5   cm;  and  t h e   gap  b e t w e e n   the   t o n e r   h o p p e r  

and  t he   d e v e l o p e r   r o l l   a t   0 . 1 2 5   c m .  

To  m e a s u r e   c o n d u c t i v i t y ,   16  ml  of  t o n e r   i s  

c h a r g e d   to  t he   h o p p e r ,   and  t h e   t e s t   r i g   is  s t a r t e d   so  t h a t  

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



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

s u r f a c e   s p e e d   of   6 1 . 3   c m / s e c   and  t h e   a l u m i n u m   drum  h a v i n g  

a  s u r f a c e   s p e e d   of  1 9 . 5   c m / s e c .   The  t e s t   r i g   is  t h e n   r u n  

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

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

gap  and  u n d e r   a  1000  v o l t   p o t e n t i a l .  

b.  Maximum  D e n s i t y   ( D m a x )  

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

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

o p t i c a l   i n p u t   d e n s i t y   of  o n e .   P r e f e r a b l y   Dmax  i s   a t   l e a s t  

o n e .  

Dmax  is   m e a s u r e d   by  d e t e r m i n i n g   t h e   d i f f u s e  

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

t i o n a l   d i f f u s e   r e f l e c t i o n   d e n s i t o m e t e r   ( e . g . ,   M a c B e t h  

Q u a n t a - L o g   D i f f u s e   R e f l e c t i o n   D e n s i t o m e t e r ,   Mode l   R D - 1 0 0 ) .  

The  o p t i c a l   d e n s i t y   r e a d i n g   is   t a k e n   as  t h e   Dmax  f o r   t h e  

t o n e r   p o w d e r   b e i n g   t e s t e d .  

c.  D e n s i t y   D e c a y .  

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

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

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

f r o m   a  g i v e n   t o n e r   p o w d e r   d e c r e a s e s   as  t h e   s i z e   of  t h e  

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

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

i n d i c a t e   t h a t   t h e   t o n e r   p o w d e r   is   more   s e n s i t i v e   to   s u c h  

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

g a p s .  

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

e l e c t r o g r a p h i c   r e c o r d i n g   d e v i c e   ( e . g . ,   a  " S e c r e t a r y   I I I " )  

as  f o l l o w s .   The  d e v e l o p m e n t   gap  is   r e d u c e d   to  t h e   p o i n t  

a t   w h i c h   image   d e n s i t i e s   on  an  i m a g e d   and  d e v e l o p e d  

p h o t o c o n d u c t i v e   s u r f a c e   v a r y   f rom  b a n d s   of  h i g h   and  l o w  

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

s u r f a c e .   The  d e v e l o p m e n t   gap  is  t h e n   o p e n e d   by  t u r n i n g  

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

c o p y   is  p r o d u c e d   a t   t h i s   o p e n i n g   and  i t s   image   d e n s i t y  

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



t o m e t e r   s u c h   as  i s   s e t   f o r t h   a b o v e .   The  d e v e l o p m e n t   g a p  
is   t h e n   f u r t h e r  o p e n e d   by  t u r n i n g   t he   a d j u s t m e n t   m e a n s  

f o u r   a d d i t i o n a l   ( t o t a l   of  s i x )   t u r n s   f r o m   s a i d   p o i n t . .   A 

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

m e a s u r e d   as  d e s c r i b e d   a b o v e .   The  d e n s i t y   d e c a y   is  t a k e n  

as  t he   d e c r e a s e   in  i m a g e   d e n s i t y   f rom  t h e   n a r r o w e r   to  t h e  

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

d.  C o n t r a s t   ( G a m m a ) .  

T h i s   p r o p e r t y   is   a  m e a s u r e   of  a  t o n e r   p o w d e r ' s  

a b i l i t y   to  d i s t i n g u i s h   b e t w e e n   d i f f e r i n g   image   d e n s i t i e s  

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

High   c o n t r a s t   v a l u e s ,   i . e . ,   g r e a t e r   t h a n   5,  i n d i c a t e   t h e  

t o n e r   p o w d e r ' s   i n a b i l i t y   to  d i s t i n g u i s h   and  r e p r o d u c e   t h e  

d i f f e r e n c e   b e t w e e n   v a r y i n g   image   d e n s i t i e s .  

C o n t r a s t   is  m e a s u r e d   a c c o r d i n g   to  t he   f o l l o w i n g  

p r o c e d u r e .   C o p i e s   of  an  o r i g i n a l   h a v i n g   a  r a n g e   of  i m a g e  

d e n s i t i e s   ( i . e . ,   a  s t e p   w e d g e )   a r e   made  on  an  e l e c t r o -  

g r a p h i c   r e c o r d i n g   ( e . g . . ,   a  " S e c r e t a r y   I I I " )   m a c h i n e .   T h e  

o u t p u t   image   d e n s i t i e s   a r e   m e a s u r e d   as  d e s c r i b e d   a b o v e   i n  

t h e   Dmax  t e s t   and  p l o t t e d   a g a i n s t   t h e   l o 9 1 0   of  t he   i n p u t  

i m a g e   d e n s i t i e s .   The  l o g 1 0   of   t he   i n p u t   d e n s i t i e s   a r e  

p l o t t e d   as  t he   h o r i z o n t a l   a x i s   a n d  t h e   o u t p u t   d e n s i t i e s  

a r e  p l o t t e d   as  t h e   v e r t i c a l   a x i s .   The  c o n t r a s t   (gamma)  i s  

t a k e n   as  t h e   s l o p e   of  t h e   s t r a i g h t   l i n e   p o r t i o n   of  t h e  

p l o t .  

E x a m p l e s   1 - 1 6  

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

p o w d e r s   were   p r e p a r e d .   In  t h e   e x a m p l e s ,   95%  by  w e i g h t   o f  

t h e   t o n e r   p o w d e r s   w e r e   g r e a t e r   t h a n   5  m i c r o n s   a v e r a g e  
d i a m e t e r   and  o n l y   5%  by  w e i g h t   were   g r e a t e r   t h a n   2 2  

m i c r o n s   a v e r a g e   d i a m e t e r .   E x a m p l e s   1 - 1 5   we re   e x a m p l e s   o f  

t h e   i n v e n t i o n   w h i l e   E x a m p l e   16  was  a  t o n e r   p o w d e r   t h a t   w a s  

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

In  e a c h   e x a m p l e   t he   p r e s p h e r e s   were   p r e p a r e d   a s  

d e s c r i b e d   a b o v e   f rom  40  p a r t s   e p o x y   r e s i n   ( " E p o n "   1 0 0 4  

f r o m   S h e l l   C h e m i c a l   Company)   and  60  p a r t s   m a g n e t i t e .  



E x a m p l e s   1 - 1 4   t h e   p r e s p h e r e s   w e r e  s e p a r a t e l y   s u r f a c e  

t r e a t e d   as  d e s c r i b e d   a b o v e   u s i n g   d i f f e r e n t   t r e a t m e n t  

c o m p o s i t i o n s .   In  e x a m p l e   15  t h e   s u r f a c e   t r e a t m e n t  

c o m p o s i t i o n   was  c o l d   b l e n d e d   w i t h   t h e   p r e s p h e r e s   f o r   1 5  

h o u r s   p r i o r   to  h o t   b l e n d i n g .  

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

q u a n t i t i e s   r e p o r t e d   as  p a r t s ,   w e r e   u s e d :  





The  n o n - s u r f a c e   t r e a t e d   t o n e r   p o w d e r   ( E x a m p l e  

16)  was  p r e p a r e d   by  c o m b i n i n g   1 0 0  p a r t s   of  t h e   p r e s p h e r e s  

w i t h   0 . 6   p a r t s   of   c o n d u c t i v e   c a r b o n   b l a c k   ( V u l c a n   X C - 7 2 R  

f r o m   t h e   C a b o t   C o r p o r a t i o n )   to  f o r m   a  m i x t u r e .   T h e  

m i x t u r e   was  d r y   b l e n d e d   a t   room  t e m p e r a t u r e   f o r   3  h o u r s  

and  t h e n   h o t   b l e n d e d   a t   65°C  f o r   a b o u t   8  h o u r s .   T h e  

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

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

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

36  k g / h r   to   f o r m   an  a e r o s o l ;   d i r e c t i n g   t h e   a e r o s o l   a t  

9 0 °  +   5°  i n t o   a  h o t   ( 6 5 0 ° C )   a i r   s t r e a m ;   a l l o w i n g   t h e  

p o w d e r   to   s e t t l e ;   and  c o l l e c t i n g   t h e   p o w d e r   by  f i l t r a t i o n .  

A b o u t   0 .05%  by  w e i g h t   S i 0 2   ( " A e r o s i l "   972 ,   D e g u s s a ,  

I n c o r p o r a t e d )   was  b l e n d e d   w i t h   t h e   t o n e r   as  a  s e p a r a t e  

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

The  p o w d e r s   w e r e   t h e n   u s e d   in  a  h e a t - f u s i n g  

c o p y i n g   p r o c e s s   in   a  " S e c r e t a r y   I I I "   c o p y i n g   m a c h i n e  

( a v a i l a b l e   f r o m   t h e   3M  Company)   to   p r o v i d e   i m a g e s   on  p l a i n  

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

T a b l e   1.  The  b i a s   v o l t a g e   was  s e t   a t  - 2 0 0   DC  v o l t s .  

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

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

c o n d u c t i v i t y   of  t h e   t o n e r   p o w d e r s ,   t h e   maximum  d e n s i t y  

( D m a x ) ,   t h e   d e n s i t y   d e c a y ,   and  t h e   i m a g e   c o n t r a s t )   a r e  

g i v e n   in   T a b l e   1 .  





The  t o n e r   p o w d e r s   of  t h e   i n v e n t i o n ,   i . e . ,   t h o s e  

u s e d   in   E x a m p l e s   1 - 1 5   p r o v i d e d   c o p i e s   w i t h   i m a g e s   t h a t  

w e r e   more   s h a r p l y   d e f i n e d   t h a n   w e r e   t he   i m a g e s   p r o v i d e d   b y  

t h e   t o n e r   u s e d   in  E x a m p l e   16.   Thus   t h e   e d g e s   of  t h e  

i m a g e s   p r o d u c e d   in  E x a m p l e s   1 - 1 5   w e r e   s h a r p ,   t h e   o p e n i n g s  

in  t h e   i m a g e s   ( l e t t e r s )   had   s u b s t a n t i a l l y   r e d u c e d   " f u z z y  

f i l l - i n " ,   and  t h e   s p a c e s   b e t w e e n   t h e   i m a g e s   ( b a c k g r o u n d )  

had   s u b s t a n t i a l l y   r e d u c e d   b l u r r i n g   c a u s e d   by  u n d e s i r e d  

t o n e r   d e p o s i t i o n .   F u r t h e r m o r e ,   t h e   t o n e r s   u s e d   i n  

E x a m p l e s   1,  2,  7,  and  13  p r o d u c e d   c o p i e s   h a v i n g   v i r t u a l l y  

no  " f u z z y   f i l l - i n "   and  v i r t u a l l y   no  b a c k g r o u n d .   T h e  

i m a g e s   p r o d u c e d   f r o m   t h e   t o n e r   u s e d   in  E x a m p l e   1 6 ,  

h o w e v e r ,   had  b l u r r y   e d g e s ,   s u b s t a n t i a l   " f u z z y   f i l l - i n " ,  

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

A d d i t i o n a l l y ,   t h e   t o n e r s   of  t h e   i n v e n t i o n  

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

n o n - s u r f a c e   t r e a t e d   t o n e r   u s e d   in  E x a m p l e   16 .   T h u s ,  t h e  

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

s t r i n g e n t   p r o c e s s   c o n d i t i o n s   s u c h   as  gap  l a t i t u d e .  

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

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

t o n e r   p o w d e r s .   T h u s ,   d y n a m i c   c o n d u c t i v i t y ,   Dmax,  a n d  

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

EXAMPLE  17  

A  p r e s s u r e - f i x a b l e   t o n e r   p o w d e r   a c c o r d i n g   to  t h e  

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

p r e s p h e r e s   w e r e   p r e p a r e d   f r o m   10  p a r t s   " P o l y w a x "   1000  ( a  

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

h a v i n g   a  Mw/Mm  of  1 . 2   f r o m   B a r e c o   D i v i s i o n   of  P e t r o l i t e  

C o r p o r a t i o n ) ,   30  p a r t s   " E p o l e n e "   E-14  (an  e m u l s i f i a b l e   l o w  

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

P r o d u c t s ,   I n c o r p o r a t e d ) ,   and  60  p a r t s   M a g n e t i t e .  

The  p r e s p h e r e s   we re   s u r f a c e   t r e a t e d   as  d e s c r i b e d  

a b o v e   w i t h   a  t r e a t m e n t   c o m p o s i t i o n   c o m p r i s i n g   0 .6   p a r t s  

" V u l c a n "   X C - 7 2 R ,   2 .4   p a r t s   " A e r o s i l "   200 ,   and  1 . 2   p a r t s  

C S F 1 7 S O 2 N ( C 2 H 5 ) C H 2 C O O H -  



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

( r o o m   t e m p e r a t u r e )   p r e s s u r e - f i x i n g   c o p y i n g   p r o c e s s   t o  

p r o v i d e   i m a g e s   on  a  p l a i n   p a p e r   s u b s t r a t e .   The  e x p o s u r e  

v o l t a g e   was  82  v o l t s .   The  i m a g e s   on  t h e   c o p i e s   p r o d u c e d  

were   s h a r p ,   t h e   o p e n i n g s   in  t h e   i m a g e s   had  v i r t u a l l y   n o  

" f u z z y   f i l l - i n " ,   and  t h e r e   was  v i r t u a l l y   no  b a c k g r o u n d .  

The  t o n e r   p o w d e r   had  a  d y n a m i c   c o n d u c t i v i t y   o f  

5 .3   A / 1 0 3 V ,   a  Dmax  of   1 . 4 7 ,   and  a  c o n t r a s t   (gamma)  of   4 . 3 .  

EXAMPLE  18  

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

i n v e n t i o n   w a s  p r e p a r e d   as  d e s c r i b e d   in  E x a m p l e s   1 - 1 4  

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

The  r e s u l t i n g   t o n e r   p o w d e r   was  u s e d   in  a  h e a t -  

f u s i n g   c o p y i n g   p r o c e s s   in  a  " S e c r e t a r y "   I I I   c o p y i n g  

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

e x p o s u r e   v o l t a g e   was  75  v o l t s   and  t h e   b i a s   v o l t a g e   was  2 0 0  

v o l t s .  

The  i m a g e s   on  t h e   r e s u l t a n t   copy   were   s h a r p l y  

d e f i n e d ,   had  v i r t u a l l y   no  " f u z z y   f i l l - i n " ,   and  the   c o p y  

had  v i r t u a l l y   no  b a c k g r o u n d .   A d d i t i o n a l l y ,   t he   t o n e r  

p o w d e r   had  a  d y n a m i c   c o n d u c t i v i t y   of   9 . 5   A / 1 0 3 V   a n d  

p r o d u c e d   i m a g e s   h a v i n g   a  Dmax  of  0 . 6 2   and  a  c o n t r a s t   o f  

0 . 6 5 .   W h i l e   t h e   Dmax  and  c o n t r a s t   v a l u e s   of  t h i s   e x a m p l e  

a r e   low,   i t   s t i l l   d e m o n s t r a t e s   i m p r o v e d   edge   s h a r p n e s s ,  

" f u z z y   f i l l - i n "   and  b a c k g r o u n d .  

EXAMPLE  1 9  

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

was  p r e p a r e d   as  d e s c r i b e d   in  E x a m p l e s   1 - 1 4   e x c e p t   t h a t   t h e  

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

f o l l o w i n g   p r o c e d u r e .  

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

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



c o m p o u n d   was  a  9 5 / 5   by  w e i g h t   c o p o l y m e r   o f  

C 8 F 1 7 S O 2 N ( C 2 H 5 ) C 2 H 4 O C O C ( C H 3 ) = C H 2   and  b u t y l   a c r y l a t e .  

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

p r e c i p i t a t e   t h e   p o l y m e r .   The  p o l y m e r   was  d r i e d   in   a  

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

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

p o w d e r .  

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

p a r e d   as  d e s c r i b e d   a b o v e   by  c o m b i n i n g   0 . 6   p a r t   f l u o r o -  

c h e m i c a l ,   0 . 8   p a r t   " A e r o s i l "   2 0 0 ,   and  0 . 7   p a r t   " V u l c a n "  

XC-72  R .  

The  r e s u l t i n g   t o n e r   p o w d e r   was  u s e d   in  a  h e a t -  

f u s i n g   c o p y i n g   p r o c e s s   in   a  " S e c r e t a r y "   I I I   c o p y i n g  

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

e x p o s u r e   v o l t a g e   was  78  v o l t s   and  t h e   b i a s   v o l t a g e   was  2 0 0  

v o l t s .  

The  i m a g e s   on  on  t h e   r e s u l t a n t   copy   w e r e   s h a r p l y  

d e f i n e d ,   had  v i r t u a l l y   no  " f u z z y   f i l l - i n " ,   and  t h e   c o p y  
had  v i r t u a l l y   no  b a c k g r o u n d .   A d d i t i o n a l l y ,   t h e   t o n e r  

p o w d e r   had  a  d y n a m i c   c o n d u c t i v i t y   of   8 µ A / 1 0 3 V   and  p r o d u c e d  

i m a g e s   h a v i n g   a  Dmax  of  0 . 9 8   and  a  c o n t r a s t   of  1 . 5 3 .  
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