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(57)  A  printing  plate  useful  for  printing  a  magnetic  toner 
resist  comprising  a  support  substrate,  a  layer  of  a  magnetic 
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extended  temperature  window  for  transfer,  and  has  an 
extended  life. 
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TECHNICAL  F I E L D  

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  m a g n e t i c  

p r i n t i n g ,   and  more   s p e c i f i c a l l y   to  an  i m p r o v e d  

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

c o a t i n g   o v e r   t h e   m a g n e t i z a b l e   l a y e r .  

BACKGROUND  OF  THE  I N V E N T I O N  

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

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

m a g n e t i c   m a t e r i a l   to  p r e p a r e   r e s i s t   i m a g e s .   T h e  

m a g n e t i c   p r i n t i n g   p l a t e   is  i m a g e d ,   t o n e d ,   and  t h e  

t o n e r   t r a n s f e r r e d   to  a  s u b s t r a t e   s u c h   as   a  h e a t e d  

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

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

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

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

a l s o   b e e n   t a u g h t   in  t h e   p r i o r   a r t .   H o w e v e r ,   t h e  

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

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

They  t e n d   to  have   h i g h   b a c k g r o u n d   s t a i n   due  to  t h e  

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

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

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

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

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

p r o v i d e   an  e x t e n d e d   t e m p e r a t u r e   w i n d o w   f o r   t r a n s f e r ,  

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

w i l l   n o t   a d h e r e   to  t h e   m a s t e r ,   and  h a v e   e x t e n d e d   l i f e .  

SUMMARY  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   p r o v i d e s   a  p r i n t i n g  

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

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

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

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



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

s u r f a c e   t e n s i o n   n o t   g r e a t e r   t h a n   24  d y n e s / c m   and  a  

h a r d n e s s   g r e a t e r   t h a n   5 . 1   A d j u s t e d   V i c k e r s .   T h e  

p r i n t i n g   p l a t e   has   good   r e l e a s e   p r o p e r t i e s   a t  

s t a n d a r d   t e m p e r a t u r e   s e t t i n g s ,   m i n i m i z e s   or  a v o i d s  

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

p r o v i d e s   an  e x t e n d e d   t e m p e r a t u r e   w i n d o w   f o r   t r a n s f e r ,  

and  h a s   an  e x t e n d e d   l i f e .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

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

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

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

i m a g e   to  a  s u b s t r a t e   by  m e a n s   of   h e a t   and  p r e s s u r e .  

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

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

f o r m s   an  image   on  s a i d   s u b s t r a t e   w h i c h   is   u s e f u l   as  a  

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

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

t h e   p r o c e s s   can  i n v o l v e   t h e   s t e p s   o f   (a)  t r a n s f e r r i n g  

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

p a r t i c l e s   f rom  a  m a g n e t i c   m e m b e r   to   a  s u i t a b l e   s u r f a c e  

to  fo rm  a  c o a l e s c e d   r e s i s t   i m a g e ,   (b)  m o d i f y i n g   t h e  

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

t h e   r e s i s t   i m a g e ,   and  (c)  o p t i o n a l l y   r e m o v i n g   t h e  

r e s i s t   i m a g e   f r o m   t h e   s u r f a c e - m o d i f i e d   p r o d u c t .   T h e  

m o d i f i c a t i o n   can   be  to  make  t h e   e x p o s e d   s u r f a c e   h y d r o -  

p h i l i c   or  h y d r o p h o b i c ,   o p p o s i t e   to   t h e   c h a r a c t e r i s t i c  

of   t h e   r e s i s t   i m a g e ,   in  w h i c h   c a s e   t h e   r e s u l t a n t  

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

p l a t e .   The  m o d i f i c a t i o n   can   be  to  e t c h   or  d e p o s i t   a  

m e t a l   on  t h e   e x p o s e d   s u r f a c e   o f   t h e   s u b s t r a t e   to  f o r m  

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

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

s u i t a b l e   d i m e n s i o n s .   In  c h e m i c a l   m i l l i n g   ( e t c h i n g ) ,  

t he   i n t e r c o n n e c t i n g   m e t a l l i c   n e t w o r k   is  e i t h e r  



s e l f s u p p o r t i n g   or  i t   may  be  a t t a c h e d   to  a  s u i t a b l e  

s u b s t r a t e .   The  p r o c e s s   and  a p p a r a t u s   e x c e p t   f o r   t h e  

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

E u r o p e a n   P a t e n t   a p p l i c a t i o n   79  100  8 9 2 . 3 .  

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

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

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

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

f l u o r o p o l y m e r .   The  s u p p o r t   s u b s t r a t e   can   be  in  t h e  

fo rm  of   an  e n d l e s s   b e l t ,   f l e x i b l e   f i l m   or  p l a t e n .  

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

c o n t a i n i n g   a  m a g n e t i c   i m a g e   g e n e r a l l y   w i l l   be  a  

p a r t i c u l a t e   h a r d   m a g n e t i c   m a t e r i a l   in  a  b i n d e r .  

S u i t a b l e   h a r d   m a g n e t i c   m a t e r i a l s   i n c l u d e   t h e  

p e r m a n e n t   m a g n e t i c   m a t e r i a l s   such   as  t h e   " A l n i c o s " ,  

t h e   " L o d e x e s "   ( a c i c u l a r   i r o n - c o b a l t   a l l o y s   e n c a s e d   i n  

l e a d   or  p l a s t i c ;   m a n u f a c t u r e d   by  G e n e r a l   E l e c t r i c  

C o m p a n y ) ,   t h e   " I n d o x "   b a r i u m   f e r r i t e   c o m p o s i t i o n s ,  

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

and  m a g n e t i c   p r i n t i n g   i n k s .   T h e s e   l a t t e r   m a t e r i a l s  

i n c l u d e   y - i r o n   o x i d e   ( F e 2 0 3 ) ,   m a g n e t i t e   ( b l a c k  

. F e 3 0 4 ) ,   x - i r o n   c a r b i d e   and  c h r o m i u m   d i o x i d e .  

A c i c u l a r   c h r o m i u m   d i o x i d e   is   g e n e r a l l y   p r e f e r r e d  

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

member   p r e f e r a b l y   is  a  d rum  in  w h i c h   c a s e   t h e   i m a g i n g  

s u r f a c e   may  be  an  i n t e g r a l   p a r t   of  t h e   drum  or  i t   m a y  
be  a  f l e x i b l e   f i l m   c o a t e d   w i t h   t h e   m a g n e t i c   m a t e r i a l  

and  m o u n t e d   on  t h e   d r u m .  

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

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

no t   g r e a t e r   t h a n   24  d y n e s / c m   and  h a r d n e s s   g r e a t e r  

t h a n   5 . 1   A d j u s t e d   V i c k e r s .   P r e f e r a b l y   t h e   c r i t i c a l  

s u r f a c e   t e n s i o n   is  no t   g r e a t e r   t h a n   18  d y n e s / c m   a n d  

more  p r e f e r a b l y   11  d y n e s / c m .   P r e f e r a b l y   t h e   h a r d n e s s  

is  g r e a t e r   t h a n   9 . 0   A d j u s t e d   V i c k e r s   and  m o r e  

p r e f e r a b l y   g r e a t e r   t h a n   12 .0   A d j u s t e d   V i c k e r s .  



E x a m p l e s   of   u s e f u l   f l u o r o p o l y m e r s   a r e :  

P o l y ( p e r f l u o r o - 2 - m e t h y l e n e - 4 - m e t h y l - l , 3 -  

d i o x o l a n e / v i n y l i d e n e   f l u o r i d e )  

( c a .   7 5 / 2 5   m o l e   %) 

P o l y ( h e x a f l u o r o i s o p r o p y l   m e t h a c r y l a t e )  

P o l y ( p e r f l u o r o   2 , 2 - d i m e t h y l - l , 3 - d i o x o l e / -  

t e t r a f l u o r o e t h y l e n e )  

( c a .   2 1 / 7 9   mo le   %) 

P o l y ( p e r f l u o r o - 2 , m e t h y l - l , 3 - d i o x o l e / t e t r a -  

f l u o r o e t h y l e n e )  

( c a .   7 5 / 2 5   m o l e   %) 

P o l y ( p e r f l u o r o - l , 3 - d i o x o l e / t e t r a f l u o r o e t h y l e n e )  

( c a .   7 5 / 2 5 /   m o l e   %) 

P o l y ( p e r f l u o r o - 2 - m e t h y l e n e - 4 - m e t h y l - l , 3 -  

d i o x o l a n e / t e t r a f l u o r o e t h y l e n e )  

( c a .   7 5 / 2 5   mo le   %) 

C r i t i c a l   s u r f a c e   t e n s i o n   (γc)   is   d e t e r m i n e d  

in  a c c o r d a n c e   w i t h   t h e   f o l l o w i n g :   Z i s m a n ,   " A d v a n c e s  

in  C h e m i s t r y   S e r i e s " ,   43,  p r o v i d e s   "a  r e c t i l i n e a r  

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

@,  and  t h e   s u r f a c e   t e n s i o n ,   y  LV°  f o r   e a c h   h o m o l o g o u s  

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

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

d e f i n e d   by  t h e   i n t e r c e p t   of   t h e   h o r i z o n t a l   l i n e   cos   @ 

=  1  w i t h   t h e   e x t r a p o l a t e d   s t r a i g h t - l i n e   p l o t   c o s   @  v s  

γLV°,   and  is   d e n o t e d   by  γc.   When  cos   @  i s  

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

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

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

r e c t i l i n e a r   b a n d .   In  g e n e r a l ,   t h e   g r a p h   of   cos   @  v s  

γLV°  f o r   any  l o w - e n e r g y   s u r f a c e   is   a l w a y s   a  s t r a i g h t  

l i n e   (or  a  n a r r o w   r e c t i l i n e a r   b a n d )   u n l e s s   t h e  

m o l e c u l e s   in  t h e   s o l i d   s u r f a c e   fo rm  h y d r o g e n   b o n d s . "  

B a s e d   on  t h e   a b o v e   i n f o r m a t i o n   and  t h e  

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

f l u o r o p o l y m e r   we re   d e t e r m i n e d :  



w h e r e :   6  =  r e c e d i n g   c o n t a c t   a n g l e s   ( d e g r e e s )  -   w i t h  

n - h e x a d e c a n e  

m  =  s l o p e  =   - 0 . 0 3 4   as  d e t e r m i n e d   by  Z i s m a n  

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

γLV  =  s u r f a c e   t e n s i o n   of  n - h e x a d e c a n e  =  

2 7 . 6   d y n e s / c m .  

The  A d j u s t e d   V i c k e r s   H a r d n e s s   was  d e t e r m i n e d  

u s i n g   t h e   m e t h o d   d e s c r i b e d   in  U . S .   P a t e n t   3 , 9 2 3 , 7 1 5  

i s s u e d   Dec.   2,  1 9 7 5 ,   c o l .   5,  l i n e s   15  e t   s e q .  

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

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

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



o  p o l y ( P M D / V F 2 )  =   ( p e r f l u o r o - 2 - m e t h y l e n e - 4 - m e t h y l -  

1 ,3   d i o x o l a n e / v i n y l i d e n e   f l u o r i d e )  

o  p o l y ( P M D / T F E )  =   ( p e r f l u o r o - 2 - m e t h y l e n e - 4 - m e t h y l - l , 3  

d i o x o l a n e / t e t r a f l u o r o e t h y l e n e )  

o  p o l y ( P D D / T F E )  =   ( p e r f l u o r o - 2 , 2 - d i m e t h y l - l , 3  

d i o x o l e / t e t r a f l u o r o e t h y l e n e )  

o  p o l y ( P D / T F E )  =   ( p e r f l u o r o - l , 3 - d i o x o l e / t e t r a f l u o r o -  

e t h y l e n e )  

o  p o l y ( P M M D / T F E )  =   p e r f l u o r o - 2 - m e t h y l - 1 , 3  

d i o x o l e / t e t r a f l u o r o e t h y l e n e )  

o  p o l y ( H I M )  =   ( h e x a f l u o r o i s o p r o p y l   m e t h a c r y l a t e )  

o  p o l y ( H M - 1 )  -   ( f l u o r o a l k y l e t h y l   m e t h a c r y l a t e / m e t h y l  

m e t h a c r y l a t e )   ( 8 0 / 2 0   wt  %) 

o  S Y L - O F F ®   7044  C o a t i n g  -   S o l v e n t - f r e e   s i l i c o n e   (Dow 

C o r n i n g )  

o  VYDAX®  Du  P o n t   =  F l u o r o c a r b o n   t e l o m e r s  

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

i n v e n t i o n   has   t h e   f o l l o w i n g   b a s i c   r e q u i r e m e n t s .   I t  

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

u s e d   a t   t e m p e r a t u r e s   f r o m   1 6 0 ° F   ( 7 1 . 1 ° C )   to   2 6 0 ° F  

( 1 2 6 . 7 ° C ) .   At  t h e s e   t e m p e r a t u r e s ,   t h e   t o n e r s   u s e d  

a r e   d e s i g n e d   to  be  v e r y   t a c k y   so  t h a t   t h e y   w i l l   h a v e  

good   a d h e s i o n   to  t h e   s u r f a c e   to  w h i c h   t h e y   a r e  

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

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

H o w e v e r ,   f o r   good   q u a l i t y   p r i n t i n g   i t   i s   i m p o r t a n t  

t h a t   a l l   t h e   t o n e r   on  t h e   m a g n e t i c   r e c o r d i n g   m e m b e r  

t a p e   or  m a s t e r   be  t r a n s f e r r e d ,   i . e . ,   a d h e r e  

p r e f e r e n t i a l l y   to  t h e   s u r f a c e   to  be  p r i n t e d ,   and  t h a t  

w h a t e v e r   t o n e r   r e m a i n s   on  t h e   m a s t e r   be  e a s i l y  

r e m o v e d   by  l i g h t   b r u s h i n g .   U s i n g   a  f l u o r o p o l y m e r  

h a v i n g   a  low  c r i t i c a l   s u r f a c e   t e n s i o n   good  r e l e a s e  

p r o p e r t i e s   a r e   o b t a i n e d .  

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

w e l l   to  t h e   l a y e r   b e l o w   w h i c h   is  c a p a b l e   o f  



c o n t a i n i n g   a  m a g n e t i c   i m a g e   or  has   a  s u r f a c e   c a p a b l e  

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

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

by  t h e   t o n e r   d u r i n g   t r a n s f e r   or  p r i n t i n g .   T h i s   h a r d  

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

n o t   be  worn   away  e v e n   a f t e r   s e v e r a l   h u n d r e d   b o a r d s  

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

as  a  v e r y   t h i n   l a y e r ,   p r e f e r a b l y ,   l e s s   t h a n   0 . 0 0 0 1  

i n c h   ( 0 . 0 0 0 2 5 4   c m ) .   I f   t h i s   c o a t i n g   is   t o o   t h i c k   i t  

w i l l   a c t   as  a  m e c h a n i c a l   b a r r i e r   h o l d i n g   t h e   t o n e r  

away  f rom  t h e   m a g n e t i c   s u r f a c e ,   t h u s   r e d u c i n g   t h e  

m a g n e t i c   f i e l d   s t r e n g t h   s e e n   by  t h e   t o n e r .   T h e  

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

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

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

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

I f   t h e   t o n e r   is   h e l d   on  t h e   m a s t e r   by  e l e c t r o s t a t i c  

f o r c e s ,   " b a c k g r o u n d " ,   i . e . ,   t o n e r   in  t h e   n o n i m a g e  

a r e a s ;   w i l l   be  u n a c c e p t a b l y   h i g h .   The  t o p   c o a t i n g ,  

s h o u l d   n o t   be  d a m a g e d   by  t h e   r a d i a n t   e n e r g y   to  w h i c h  

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

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

by  any  known  m e t h o d s   s u c h   as  l i q u i d   e x t r u s i o n   c o a t i n g  

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

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

s o l u t i o n ,   e t c .  

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

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

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

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

a d i p a m i d e ;   p o l y o l e f i n s ,   e . g . ,   p o l y p r o p y l e n e ;  

p o l y e s t e r s ,   e . g . ,   p o l y e t h y l e n e  

t e r e p h t h a l a t e / i s o p h t h a l a t e ;   v i n y l   p o l y m e r s ;   e . g . ,  

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

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



c e l l u l o s i c s ,   e . g . ,   c e l l u l o s e   a c e t a t e ,   c e l l u l o s e  

a c e t a t e / b u t y r a t e ,   c e l l o p h a n e .   A  p a r t i c u l a r l y  

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

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

A l l e s   e t   a l . ,   U . S .   P a t e n t   2 , 6 2 7 , 0 8 8 ,   and  A l l e s ,   U . S .  

P a t e n t   2 , 7 7 9 , 6 8 4 ,   w i t h   or  w i t h o u t   t h e   s u r f a c e   c o a t i n g  

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

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

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

s u p p o r t .   H o w e v e r ,   t h e   t o t a l   t h i c k n e s s   of  t h e  

c o n t i g u o u s   l a y e r   and  any  s o l u b l e  s u b l a y e r - o r  

u n d e r l a y e r   s h o u l d   n o t   e x c e e d   0 . 0 0 0 6   i n c h   ( 0 . 0 1 5   n m ) .  

P r e f e r a b l y   t h e   s u p p o r t   s u b s t r a t e   i s   f l e x i b l e .  

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

r e q u i r e   t h a t   t h e   b a s e   s u p p o r t   be  t r a n s p a r e n t ,   t h e  

c o n t i g u o u s   c o m p o s i t i o n   may  u s e f u l l y   be  c o a t e d   on  a n  

o p a q u e   s u p p o r t ,   s u c h   as  p a p e r ,   e s p e c i a l l y   w a t e r - p r o o f  

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

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

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

i m a g e   in  t h e   m a g n e t i c   m e m b e r   is   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 .   The  image   is  l a t e n t   in  t h e   s e n s e   t h a t   i t  

i s   g e n e r a l l y   n o t   v i s i b l e   to   t h e   n a k e d   eye   u n t i l  

d e c o r a t e d   w i t h   m a g n e t i c   t o n e r   w h i c h   d e v e l o p s   t h e '  

i m a g e .  

When  u s i n g   t h e r m a l   i m a g i n g   to  c r e a t e   t h e  

l a t e n t   m a g n e t i c   i m a g e ,   t h e   s u r f a c e   is   m a g n e t i c a l l y  

s t r u c t u r e d   by  one  of  s e v e r a l   m e t h o d s   w i t h   f rom  a b o u t  

100  to  1000  m a g n e t i c   l i n e s   p e r   i n c h   ( 3 9 . 4   to  3 9 3 . 7  

p e r   cm)  and  p r e f e r a b l y   f r o m   150  to  600  m a g n e t i c   l i n e s  

p e r   i n c h   ( 5 9 . 1   to   2 3 6 . 2   p e r   c m ) .   As  u s e d   h e r e i n ,   a  

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

p o l e .   The  t e c h n i q u e   of   r o l l - i n   m a g n e t i z a t i o n   can   b e  

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

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



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

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

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

b e e n   m a g n e t i z e d   in  one  d i r e c t i o n   by  a  p e r m a n e n t  

m a g n e t   or  a  DC  e l e c t r o m a g n e t ,   and  a  DC  e l e c t r o m a g n e t  

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

p l a c e d   on  t h e   b a c k s i d e   of   t h e   p e r m e a b l e   m a t e r i a l .   A s  

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

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

f l u x   l i n e s   a t   t h e   p o i n t s   or  c o n t a c t   c a u s i n g   p o l a r i t y  

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

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

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

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

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

of  m a g n e t i c   m a t e r i a l   on  t o p   of   a  m a g n e t i c   m a s t e r  

r e c o r d i n g   of  t h e   d e s i r e d  p e r i o d i c   p a t t e r n .   An 

e x t e r n a l   e n e r g y   s o u r c e   t h e n   h e a t s   t h e   s u r f a c e   of   t h e  

m a g n e t i c  m e m b e r   a b o v e   i t s   C u r i e   t e m p e r a t u r e .   As  t h e  

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

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

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

i t .   When  a c i c u l a r   c h r o m i u m   d i o x i d e   is  u s e d   as  t h e  

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

m e m b e r ,   as  l i t t l e   as  20  o e r s t e d s   c an   be  u s e d   t o  

s t r u c t u r e   t h e   s u r f a c e   of  t h e   m a g n e t i c   member   w h e n  

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

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

to  a c i c u l a r   c h r o m i u m   d i o x i d e   a t   room  t e m p e r a t u r e .  

A l t e r n a t i v e l y ,   t h e   l a t e n t   m a g n e t i c   i m a g e   c a n  
be  c r e a t e d   in  t h e   m a g n e t i c   member   by  means   of  a  

m a g n e t i c   w r i t e   h e a d .   The  m a g n e t i c   w r i t e   h e a d   c a n  

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

l a t e n t   m a g n e t i c   image   d i r e c t l y .  



The  m a g n e t i c   member   u s e d   in   t h e   e x a m p l e s   i s  

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

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

n o t   be  a l u m i n u m - b a c k e d   or  a l u m i n i z e d .  

The  t h i c k n e s s   of  t h e   CrO2  l a y e r   on  t h e  

f i l m   is   l i m i t e d   o n l y   by  t h e   a b i l i t y   o f   t h e   l a y e r   t o  

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

d e m a g n e t i z e   t h e   C r 0 2   l a y e r   by  r a i s i n g   a  g i v e n  

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

1 1 8 ° C   d u r i n g   t h e   t h e r m a l   i m a g i n g   p r o c e s s .   T h i c k e r  

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

s t r e n g t h .   P r a c t i c a l l y ,   t h e   t h i c k n e s s   of   t h e   C r 0 2  

l a y e r   on  t h e   i m a g i n g   member   is   f r o m   50  to   2000  m i c r o  

i n c h e s   ( 1 . 2 7   to   5 0 . 8  m i c r o m e t e r s ) ,   and  is   p r e f e r a b l y  

f r o m   150  to   500  m i c r o   i n c h e s   ( 3 . 8 1   to  1 2 . 7  

m i c r o m e t e r s ) .  

The  m a g n e t i c   member   can   be  u s e d   e i t h e r  

m o u n t e d   in  t h e   f o r m   of   an  e n d l e s s   b e l t   s u p p o r t e d   by  a  

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

r o l l .   The  i m a g i n g   and  t o n i n g   s t e p s   a r e   s e p a r a t e  

e n t i t i e s   w h i c h   do  n o t   need   to  be  d o n e   c o n s e c u t i v e l y .  

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

s t e p .   For   i n s t a n c e ,   i t   may  be  d e s i r e d   to  m o u n t   a  

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

The  m a g n e t i c   member   c an   be  i m a g e d   in  a  

v a r i e t y   of   w a y s ,   e i t h e r   h e l d   f l a t   or  a t t a c h e d   to  t h e  

c u r v e d   p r i n t i n g   r o l l .   One  fo rm  of   t h e   m a s t e r   i m a g e  

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

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

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

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

t h e   t r a n s p a r e n t   p a r t s   of  t h e   m a s t e r   r a i s e s   t h e   C r O 2  
a b o v e   i t s   C u r i e   t e m p e r a t u r e   of   1 1 8 ° C   and  d e m a g n e t i z e s  

i t ;   t h e   o p a q u e   p a r t s   of   t h e   d e s i g n   m i n i m i z e   e n e r g y  

t r a n s m i s s i o n   and  t h e   d e s i g n   r e m a i n s   as  a  l a t e n t   i m a g e  



on  t h e   C r 0 2   f i l m   i f   e x c e s s i v e   f l a s h   e n e r g y   i s  

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

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

h a v i n g   no  p r e s t r u c t u r e   w i t h   e l e c t r o m a g n e t i c   r e c o r d i n g  

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

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

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

t h e   m a g n e t i c   member   to   a b o v e   t h e   C u r i e   t e m p e r a t u r e   o f  

t h e   m a g n e t i c   m a t e r i a l   in  t h e   m a g n e t i c   m e m b e r .   T h e s e  

d e v i c e s   may  be  d e s i g n e d   to  r e s p o n d   in  an  o n - o f f  

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

P r e c i s e   i m a g e   r e g i s t r a t i o n   is   i m p o r t a n t   w h e n  

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

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

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

m e t a l .  

The  t o n i n g   and  t r a n s f e r   s t e p s   a r e   c a r r i e d  

o u t   u s i n g   t he   p r o c e s s   and  e q u i p m e n t   d e s c r i b e d   i n  

p u b l i s h e d   E u r o p e a n   P a t e n t   A p p l i c a t i o n   79  100  8 9 2 . 3  

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

i t s   i m p r o v e d   f l u o r o p o l y m e r   l a y e r .   The  i m a g e d   m a s t e r  

is  (1)  m o u n t e d   on  t h e   p r i n t   r o l l   and  r o t a t e d  p a s t   t h e  

c o r o n a   u n i t   (2)  t o n e d   w i t h   a  f i n e l y   d i v i d e d   m a g n e t i c  

t o n e r   (3)  p a s s e d   n e a r   an  AC  c o r o n a   d i s c h a r g e  d e v i c e  

to  r e d u c e   s t a t i c   e l e c t r i c i t y   (4)  p a s s e d   u n d e r   a  

c o m b i n a t i o n   a i r   k n i f e / v a c u u m   k n i f e   to  r e m o v e  

b a c k g r o u n d   t o n e r   f rom  t h e   d e m a g n e t i z e d   a r e a s   of   t h e  

i m a g e d   m a g n e t i c   f i l m   (5)  c o n t a c t e d   m o m e n t a r i l y   w i t h   a  

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

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

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

b o a r d   t e m p e r a t u r e ,   i . e . ,   s u b s t r a t e ,   is  in  t h e   r a n g e  

of   110°C  to  125°C  and  p r e f e r a b l y   112°C   to  1 2 0 ° C .  

The  i n v e n t i o n   w i l l   now  be  f u r t h e r  

i l l u s t r a t e d ,   b u t   i t   is  n o t   i n t e n d e d   to  be  l i m i t e d   b y  



t h e   f o l l o w i n g   e x a m p l e s .   A l l   p a r t s   and  p e r c e n t a g e s  

a r e   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 .  

E x a m p l e   1  

A  p o r t i o n   of   a  C i r t r a k ®   p r i n t i n g   p l a t e   w h i c h  

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

on  p o l y e s t e r   f i l m   was  c o a t e d   w i t h   an  a p p r o x i m a t e l y  

6.8%  s o l u t i o n   o f   p o l y ( p e r f l u o r o - 2 - m e t h y l e n e - 4 - m e t h y l -  

1 , 3 - d i o x o l a n e / V i n y l i d e n e   f l u o r i d e )   i n  

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

made  u s i n g   a  2 . 5   m i l   d r a w - d o w n   k n i f e .   The  p a r t i a l l y  

c o a t e d   p r i n t i n g   p l a t e   was  t h e n   p l a c e d   in  a  h o t   a i r  

o v e n   a t   1 0 0 ° C   f o r   2  h o u r s .   The  t a p e   was  i m a g e d   w i t h  

a  p e r m a n e n t   m a g n e t ,   and  t h e n   t r e a t e d   on  a  t h e r m a l  

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

E u r o p e a n   P a t e n t   A p p l i c a t i o n   79  100  8923  b y  

(1)  m o u n t i n g   i t   on  t h e   p r i n t   r o l l ;   (2)  t o n i n g   i t   w i t h  

a  f i n e l y   d i v i d e d   m a g n e t i c   t o n e r   (3)  p a s s i n g   t h e   t o n e d  

image   u n d e r   a  v a c u u m   k n i f e   to  r e m o v e   b a c k g r o u n d   t o n e r  

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

f i l m   and  (4)  c o n t a c t i n g   t h e   t o n e r   i m a g e   m o m e n t a r i l y  

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

t r a n s f e r ,   and  a d h e r e   t h e   t o n e r   to  t h e   c o p p e r   s u r f a c e  

s i m u l t a n e o u s l y .  

The  b i n d e r   s y s t e m   of   t h e   t o n e r   c o n s i s t e d   o f  

4 3 . 2   p a r t s   by  w e i g h t   A T l a c   382  ES,  t r i p h e n y l  

p h o s p h a t e   p l a s t i c i z e r   and  p r e s s u r e   s e n s i t i v e  

a d d i t i v e .   The  A T l a c   382  ES  p o l y e s t e r   r e s i n   f r o m   I C I ,  

L t d .   (a  p r o p o x y l a t e d   b i s p h e n o l - A ,   f u m a r i c   a c i d  

p o l y e s t e r   h a v i n g   a  t a c k   p o i n t   of   70°C  and  a  l i q u i d  

p o i n t   of   1 9 9 ° C )   has   a  m o l e c u l a r   w e i g h t   of   2 5 0 0 - 3 0 0 0  

and  a  Tg  o f   5 8 ° C .   The  r e m a i n i n g   p o r t i o n   of   t h e   t o n r  

(50  p a r t s   by  w t . )   is   c o m p o s e d   of   M a g n e t i c   P i g m e n t   3 4 5  

f r o m   BASF  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   of   08.   u m .  

Tack  p o i n t   and  l i q u i d   p o i n t   a r e   m a n u f a c t u r e r ' s   t e s t s  

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



s t i c k   to  a  h e a t e d   b a r   and  t h e   t e m p e r a t u r e   m e a s u r e d   i n  

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

p a r t i c l e   s i z e   of   t h i s   t o n e r   was  1 2 - 1 4   pm.  The  t o n e r  

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

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

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

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

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

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

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

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

k n i f e .   The  k n i f e   was  p l a c e d   a p p r o x i m a t e l y   10  m i l s  

( 0 . 2 5 4   mm)  f r o m   t he   f i l m   s u r f a c e .   The  v a c u u m   was  0 . 5  

i n c h   ( 1 . 2 7   cm  of   w a t e r )  .  

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

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

b l a n k   p r e h e a t e d   to  2 4 5 ° F   ( 1 1 8 . 3 ° C )   by  h o t   p l a t e s   w a s  

p u s h e d   i n t o   t h e   n i p   and  c o n t a c t e d   w i t h   t h e   t o n e d  

image   r o t a t i n g   t h r o u g h   t h e   n i p   a t   a  s p e e d   of   2 0  

f t / m i n   ( 1 0 . 2   c m / s e c   and  a  p r e s s u r e   of   30  p o u n d s   p e r  
i n c h 2   g a u g e .   The  c i r c u i t   b o a r d   w i t h   t h e   p r i n t e d  

r e s i s t   was  d e p o s i t e d   b e y o n d   t h e   n i p .  

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

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

was  p r e h e a t e d   to  2 7 0 ° F   ( 1 3 2 . 2 ° C ) .  

No  t o n e r   a d h e s i o n   was  n o t e d   on  t h e  

f l u o r o p o l y m e r   c o a t e d   a r e a s   of  t h e   t a p e   a t   2 4 5 ° F  

( 1 1 8 . 3 ° C )   or  2 7 0 ° F   ( 1 3 2 . 2 ° C ) ,   a l t h o u g h   s e v e r e   t o n e r  

a d h e s i o n   was  n o t e d   on  t h e   u n c o a t e d   a r e a s   of  t h e   t a p e .  

E x a m p l e   2 

A  C i r t r a k ®   P r i n t i n g   P l a t e   was  c o a t e d   a n d  

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

p a n e l   s u r f a c e   t e m p e r a t u r e s   r a n g i n g   f rom  1 9 6 ° F  

( 9 1 . 1 ° C )   to  2 3 6 ° F   ( 1 1 3 . 3 ° C ) .  



No  t o n e r   a d h e s i o n   was  n o t e d   in  t h e   c o a t e d  

a r e a s   e v e n   a t   a  s u r f a c e   t e m p e r a t u r e   of  2 3 6 ° F  

( 1 1 3 . 3 ° C ) .   A d h e s i o n   in  t h e   u n c o a t e d   a r e a s   w a s  

e v i d e n t   a t   p a n e l   s u r f a c e   t e m p e r a t u r e s   of   2 1 4 ° F  

( 1 0 1 ° C )  -   2 1 8 ° F   ( 1 0 3 . 3 ° C ) .  

E x a m p l e   3 

An  18"  x  27"  ( 4 5 . 7   cm  X  6 8 . 6   cm)  C i r t r a k ®  

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

c o n c e n t r a t i o n   of   3%,  4%  and  5%  by  w e i g h t   o f  

p o l y ( h e x a f l u o r o i s o p r o p y l   m e t h a c r y l a t e )   in  F r e o n   F - 1 1 3  

( t r i c h l o r o t r i f l u o r o   e t h a n e )   and  in  o t h e r   a r e a s   w i t h   a  

3%,  4%,  590  6.8%  by  w e i g h t   s o l u t i o n   o f   p o l y ( p e r -  

f l u o r o - 2 - m e t h y l e n e - 4 - m e t h y l - l , 3 - d i o x o l a n e / v i n y l d e n e  

f l u o r i d e )   in  F r e o n ®   F - 1 1 3   s o l v e n t .  

The  c o a t e d   p l a t e   was  t h e n   t e s t e d   a s  

d e s c r i b e d   in  E x a m p l e   1  w i t h   t h e   f o l l o w i n g   e x c e p t i o n :  

t h e   h e a t i n g   of   t h e   c o p p e r   p a n e l   was  d o n e   in  a  d y n a m i c  

mode  w h e r e   t h e   p a n e l   was  h i g h - s p e e d   c o n t a c t   h e a t e d .  

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

g a v e   an  ~10°F  ( 4 . 7 ° C )   i n c r e a s e   in  p a n e l  p r e h e a t  

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

The  p o l y ( p e r f l u o r o - 2 - m e t h y l e n e - 4 - m e t h y l - 1 , 3 -  

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

i n c r e a s e   of   a p p r o x i m a t e l y   6 0 ° F   ( - 2 8 ° C )   i n c r e a s e   i n  

p a n e l   p r e h e a t   t e m p e r a t u r e s .  

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

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

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

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

p l a t e   f rom  t h a t   a t t a i n e d   in  t h e   u n c o a t e d   a r e a s .  

A p p r o x i m a t e l y   25  p a n e l s   w e r e   p r o c e s s e d   w i t h  

no  u n u s u a l   e f f e c t s .   B a c k g r o u n d   a r e a s   w e r e   v e r y   c l e a n  

w i t h   b o t h   f l u o r o p o l y m e r s .  



E x a m p l e   4 

One  h a l f   o f   C i r t r a k ®   p r i n t i n g   p l a t e   w a s  

c o a t e d   w i t h   a  5%  s o l u t i o n   of   p o l y s i l i c i c   a c i d ,  

s i m i l a r   to  t h a t   d e s c r i b e d   in  U . S .   3 , 6 9 8 , 0 0 5   u s i n g   a  

0 . 0 0 2 5   i n c h   ( 0 . 0 0 6 4   cm)  d r a w - d o w n   k n i f e   f o l l o w e d   b y  

d r y i n g   f o r   a p p r o x i m a t e l y   2  h o u r s .  

One  h a l f   o f   a n o t h e r  C i r t r a k ®   p r i n t i n g   p l a t e  

was  s w a b b e d   w i t h   a  c h e e s e c l o t h   c o n t a i n i n g   a  5% 

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

f o r   a p p r o x i m a t e l y   2  h o u r s .  

The  c o a t e d   and  d r i e d   p l a t e s   we re   t h e n   t e s t e d  

as  d e s c r i b e d   in  E x a m p l e   1.  Bo th   c o a t i n g s   a p p e a r   v e r y  

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

a t t a c k   t he   C r 0 2   s u r f a c e .   F u r t h e r ,   t o n e r   was  f o u n d  

to  a d h e r e   v e r y   s t r o n g l y   to  t h e   c o a t e d   a r e a .  

A n o t h e r   C i r t r a k ®   p r i n t i n g   p l a t e   c o a t e d   w i t h  

a  5%  by  w e i g h t   s o l u t i o n   of   p o l y ( p e r f l u o r o - 2 -  

m e t h y l e n e - 4 - m e t h y l - l , 3   d i o x o l a n e / v i n y l i d e n e   f l u o r i d e )  

in  3 :2   F l u o r i n e r t ®   F C - 7 2 / F l u o r i n e r t ®   FC-75   (3M  C o . )  

s o l v e n t   and  t e s t e d   as  in  E x a m p l e   1,  had  v e r y   g o o d  

r e l e a s e   p r o p e r t i e s   w i t h   no  t o n e r   a d h e s i o n   to  t h e  

b a c k g r o u n d .  

E x a m p l e   5 

S e v e r a l   C i r t r a k ®   p r i n t i n g   p l a t e s   w e r e  

t r e a t e d   as  f o l l o w s :   one  h a l f   of   e a c h   p l a t e   was  d i p  

c o a t e d   in  one  of   t h e   s o l u t i o n s   i n d i c a t e d   in  T a b l e   I I  

b e l o w   a t   70  i n c h e s / m i n u t e   ( 2 . 9 6 3   c m / s e c . )   f o l l o w e d   b y  

h e a t   t r e a t i n g   a t   1 8 0 ° F   ( 8 2 . 2 ° C )   f o r   a p p r o x i m a t e l y   2 

h o u r s .   S o l u t i o n   c o n c e n t r a t i o n   is  by  w e i g h t .  



One  h a l f   of   an  a d d i t i o n a l   C i r t r a k ®   p r i n t i n g  

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

r u b b i n g   t h e   s u r f a c e   of   t h e   same  w i t h   i t ,   a n d  

c o n t i n u o u s l y   w i p i n g   to  r e m o v e   or  r e d u c e   t a c k i n e s s .  

The  p l a t e s   were   t h e n   t e s t e d   as  d e s c r i b e d   i n  

E x a m p l e   1.  The  p l a t e s   t r e a t e d   w i t h   S o l u t i o n s   1 - 9  



were   u n a c c e p t a b l e .   The  2%  t r e a t m e n t s   r e s u l t e d   i n  

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

t o n e r   b e c o m e s   e m b e d d e d   in  t h e   t h i c k   s o f t  

f l u o r o p o l y m e r   s u r f a c e .   The  0.5%  s o l u t i o n   t r e a t e d  

a r e a s   of   t h e   p l a t e   a p p e a r e d   c o m p a r a b l e   to  t h e  

u n t r e a t e d   a r e a s .   The  f l u o r o p o l y m e r s   u s e d   w e r e  

r e l a t i v e l y   s o f t ,   low  Tg  p o l y m e r s .  

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

p l a t e   had  f a r   l e s s   a d h e s i o n   to  t o n e r   t h a n   t h e  

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

b a c k g r o u n d   a r e a s   of  t h e   t r e a t e d   h a l f   was  s o m e w h a t  

h i g h e r .  

One  h a l f   of   a n o t h e r   C i r t r a k ®   p r i n t i n g   p l a t e  

was  c o a t e d   w i t h   a  4%  s o l u t i o n   by  w e i g h t   of  m e t h y l  

m e t h a c r y l a t e   in  t o l u e n e   to  g i v e   a  0 . 0 0 2 5   i n c h  

( 0 . 0 0 6 3 5   cm)  wet   c o a t i n g   f o l l o w e d   by  d r y i n g   in  a  h o t  

a i r   o v e n   f o r   30  m i n u t e s   a t   1 0 0 ° C .   The  p l a t e   was  t h e n  

t e s t e d   as  in  E x a m p l e   1.  The  c o a t e d   a r e a s   had  g r e a t e r  

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

a r e a s .  

E x a m p l e   6 

One  h a l f   of   a  C i r t r a k ®   p r i n t i n g   p l a t e   w a s  

s p r a y e d   w i t h   " S l i p   S p r a y   Dry  L u b r i c a n t "   (Du  P o n t )  

u n t i l   t h e   s u r f a c e   of  t h e   p l a t e   was  w e t t e d ,   and  l e f t  

w i t h   a  w h i t e   h a z e   r e s i d u e .   The  e x c e s s   was  w i p e d   o f f ,  

and  t h e   p l a t e   was  t h e n   t e s t e d   as  d e s c r i b e d   i n  

E x a m p l e   1  a t   v a r i o u s   p a n e l   s u r f a c e   t e m p e r a t u r e s .   T h e  

c o a t e d   p l a t e   had  u n a c c e p t a b l e   e l e c t r o s t a t i c  

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

2 0 7 ° F   ( 9 7 . 2 ° C )   i t   had  p o o r   r e l e a s e   c h a r a c t e r i s t i c s ,  

i . e . ,   t o n e r   a d h e r e s   to  t h e   p l a t e .  



1.  A  p r i n t i n g   p l a t e   u s e f u l   f o r   p r i n t i n g   a  

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

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

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

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

a  c r i t i c a l   s u r f a c e   t e n s i o n   n o t   g r e a t e r   t h a n   24 

d y n e s / c m   and  a  h a r d n e s s   g r e a t e r   t h a n   5 . 1   A d j u s t e d  

V i c k e r s .  

2.  The  p r i n t i n g   p l a t e   of  c l a i m   1  w h e r e i n  

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

18  d y n e s / c m .  

3.  The  p r i n t i n g   p l a t e   of   c l a i m   1  w h e r e i n  

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

11  d y n e s / c m .  

4.  The  p r i n t i n g   p l a t e   of   c l a i m   1  w h e r e i n  

t h e   h a r d n e s s   is  g r e a t e r   t h a n   9 . 0   A d j u s t e d   V i c k e r s .  

5.  The  p r i n t i n g   p l a t e   of   c l a i m   1  w h e r e i n  

t h e   h a r d n e s s   is  g r e a t e r   t h a n   12  A d j u s t e d   V i c k e r s .  

6.  The  p r i n t i n g   p l a t e   of   c l a i m   1  w h e r e i n  

t h e   c r i t i c a l   s u r f a c e   e n e r g y   is  n o t   g r e a t e r   t h a n   18  

d y n e s / c m   and  t h e   h a r d n e s s   is   g r e a t e r   t h a n   9 . 0  

A d j u s t e d   V i c k e r s .  

7.  The  p r i n t i n g   p l a t e   of   c l a i m   1  w h e r e i n  

t h e   c r i t i c a l   s u r f a c e   t e n s i o n   is  n o t   g r e a t e r   t h a n   1 1  

d y n e s / c m   and  t h e   h a r d n e s s   is   g r e a t e r   t h a n   12  A d j u s t e d  

V i c k e r s .  

8.  The  p r i n t i n g   p l a t e   of   c l a i m   1  w h e r e i n  

t h e   f l u o r o p o l y m e r   is  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  

P o l y ( p e r f l u o r o - 2 - m e t h y l e n e - 4 - m e t h y l - l , 3 -  

d i o x o l a n e / v i n y l i d e n e   f l u o r i d e )  

P o l y ( h e x a f l u o r o i s o p r o p y l   m e t h a c r y l a t e )  

P o l y ( p e r f l u o r o   2 , 2 - d i m e t h y l - l , 3 - d i o x o l e / -  

t e t r a f l u o r o e t h y l e n e )  



P o l y ( p e r f l u o r o - 2 , m e t h y l - 1 , 3 - d i o x o l e / t e t r a -  

f l u o r o e t h y l e n e )  

P o l y ( p e r f l u o r o - 1 , 3 - d i o x o l e / t e t r a f l u o r o e t h y l e n e )  

a n d  

P o l y ( p e r f l u o r o - 2 - m e t h y l e n e - 4 - m e t h y l - 1 , 3 -  

d i o x o l a n e / t e t r a f l u o r o e t h y l e n e )  

9 .  T h e   p r i n t i n g   p l a t e   of  c l a i m s   1  or  7 

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

c h r o m i u m   d i o x i d e .  

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

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

n o t   g r e a t e r   t h a n   24  d y n e s / c m .   and  a  h a r d n e s s   g r e a t e r  

t h a n   5 . 1   A d j u s t e d   V i c k e r s   to  a  p r e h e a t e d   s u b s t r a t e .  
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