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Film  for  thermal  imaging. 
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©  This  invention  relates  to  infrared  transparency  films  and 
films  forthermal  imaging  processes,  and  in  particular,  to  a  coat- 
ing  material  for  such  films. 

Infrared  imaging  involves  the  use  of  a  focused  infrared 
lamp  to  heat  an  infrared  absorbing  image,  i.e.,  the  «original», 
which  is  in  contact  with  a  substrate,  e.g.,  a  transparency  film, 
having  thermally  sensitive  imaging  chemicals.  Upon  absorbing 
the  focused  infrared  light,  the  infrared  absorbing  image  heats 
the  thermally  sensitive  imaging  chemicals  on  the  substrate, 
causing  a  chemical  reaction,  resulting  in  a  copy  of  the  original 
image  on  the  substrate. 

When  projection  transparencies  are  prepared  from  origi- 
nals  which  are  plain  paper  copies  prepared  from  electrophoto- 
graphic  imaging  processes,  localized  heating  of  the  original  re- 
sults  in  partial  remelting  of  the  toner  powder  thereon,  causing 
the  original  to  adhere  to  the  transparency.  When  the  original  is 
separated  from  the  transparency,  toner  powder  from  the  origi- 
nal  is  transferred  to  the  transparency  film,  resulting  in  partial 
destruction  of  the  original  and  irregular  black  spots  on  the 
transparency. 

This  invention  provides  thermally  imageable  film  compris- 
ing  a  polymeric  substrate,  a  layer  of  thermally  imageable  ma- 
terial  coated  over  at  least  one  major  surface  thereof,  and  a  re- 
lease  coating  coated  over  the  layer  of  thermally  imageable  ma- 
terial.  The  release  coating  is  an  organopolysiloxane  applied 
from  a  composition  which  is  curable  at  temperatures  below 

about  70°C  with  a  curing  exposure  time  of  under  about  3  min- 
utes,  thereby  preventing  adverse  effects  upon  the  layer  of  ther- 
mally  imageable  material.  The  release  coating  serves  to  pre- 
vent  the  transfer  of  toner  powder  from  an  original  to  the  trans- 
parency  film. 
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BACKGROUND  OF  THE  INVENTION 

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

f i l m s ,   and  to   a  r e l e a s e   c o a t i n g   f o r   s u c h   f i l m s .  

I n f r a r e d   i m a g i n g   i s   a  f o rm  of  t h e r m a l   i m a g i n g  

t h a t   i n v o l v e s   t h e   use   of  a  f o c u s e d   i n f r a r e d   lamp  to  h e a t   a n  

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

" o r i g i n a l " ,   w h i c h   image   i s   in  c o n t a c t   w i t h   a  s u b s t r a t e ,  

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

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

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

r a d i a t i o n ,   t h e   o r i g i n a l   t r a n s f e r s   t h e   a b s o r b e d   h e a t   to  t h e  

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

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

r e s u l t s   in  t he   f o r m a t i o n   of  a  copy   of  t h e   image   of  t h e  

o r i g i n a l   on  t h e   s u b s t r a t e .  

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

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

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

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

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

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

f i x i n g   of  t o n e r   p o w d e r   to   t he   p l a i n   p a p e r   c o p y .   T o n e r  

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

p o i n t ,   and  c a r b o n .   When  t h e   t o n e r   on  the   s u r f a c e   of  a  

p l a i n   p a p e r   copy   in  c o n t a c t   w i t h   t h e   s u b s t r a t e   f rom  w h i c h  

t h e   p r o j e c t i o n   t r a n s p a r e n c y   i s   to  be  p r e p a r e d   a b s o r b s  

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

on  t h e   c o p y   i s   l i k e l y   to  o c c u r .   The  p o r t i o n s   of  t h e  

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

f r e q u e n t l y   a d h e r e   to  t h e  t r a n s p a r e n c y .   When  the   o r i g i n a l  

is   s e p a r a t e d   Erom  the   t r a n s p a r e n c y ,   t o n e r   p o w d e r   f rom  t h e  



o r i g i n a l   is   l i k e l y   to  be  r e m o v e d   f rom  s a i d   o r i g i n a l   a n d  

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

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

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

t h e   o r i g i n a l   and  may,   in  e f f e c t ,   d e s t r o y   t he   q u a l i t y   of  t h e  

i m a g e .   T h u s ,   t he   o r i g i n a l   can  be  d a m a g e d   when  a  p r o j e c t i o n  

t r a n s p a r e n c y   i s   made  f rom  i t .   The  a d h e r e n c e   of  t he   t o n e r  

p o w d e r   to  the   p r o j e c t i o n   t r a n s p a r e n c y   may  a l s o   r e s u l t   i n  

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

i t s e l f .   When  t he   image   f o r m e d   on  t h e   s u r f a c e   of  t h e  

t r a n s p a r e n c y   is   b l a c k ,   t h e   t o n e r   p o w d e r   d o e s   no t   harm  t h e  

image   i t s e l f ,   b u t   t he   p o w d e r   may  be  r u b b e d   o f f   t h e  

t r a n s p a r e n c y   and  t r a n s f e r   to  s u r f a c e s   w h i c h   s u b s e q u e n t l y  

come  in  c o n t a c t   w i t h   the   t r a n s p a r e n c y .   When  the   i m a g e  

f o r m e d   on  the   t r a n s p a r e n c y   is  a  c o l o r ,   t h e   t o n e r   p o w d e r   c a n  

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

t h e   c o l o r e d   image   a r e a .   T h i s   i s   c o n s i d e r e d   to  be  a  m a j o r  

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

b e t w e e n   the   i m a g e a b l e   l a y e r   of  t he   t r a n s p a r e n c y   and  t h e  

o r i g i n a l   can   p r e v e n t   t o n e r   p o w e r   f rom  b e i n g   p i c k e d   up  a n d  

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

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

d o e s   s e r v e   as  s u c h   a  b a r r i e r .  

In  a d d i t i o n   to  t he   f o r e g o i n g   p r o b l e m s ,   c e r t a i n  

i m a g e a b l e   m a t e r i a l s   t e n d   to  l i b e r a t e   m o i s t u r e   upon  e x p o s u r e  
to  h e a t   or  i n f r a r e d   r a d i a t i o n .   T h i s   m o i s t u r e   l i b e r a t i o n  

r e s u l t s   in  f o r m a t i o n   of  o p a q u e   a r e a s ,   i . e .   " h a l o s " ,   a r o u n d  

the   e d g e s   of  t he   i m a g e s .   T h e s e   a r e a s   s c a t t e r   l i g h t   a n d  

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

I t o ,   e t   a l ,   U .S .   P a t e n t   No.  3 , 9 5 5 , 0 3 5   d i s c l o s e s   a  

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

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

c o a t i n g ,   h o w e v e r ,   i s   b r i t t l e   and  w i l l   c r a c k   i f   a p p l i e d   to  a  
f l e x i b l e   p o l y e s t e r   s u b s t r a t e   of  t he   t y p e   c o m m o n l y   u s e d   f o r  

p r e p a r i n g   t r a n s p a r e n c i e s .   C l a r k ,   U .S .   P a t e n t   No.  3 , 9 8 6 , 9 9 7  

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

s i l i c a   in  a  c o n d e n s a t e   of  m e t h y l   t r i h y d r o x y   s i l a n e .   T h i s  



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

f l e x i b l e   s h e e t i n g .   B a n e y ,   et   a l ,   U.S .   P a t e n t   No.  4 , 2 2 3 , 0 7 2  

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

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

of   t he   c o a t i n g   d i s c l o s e d   in  t he   C l a r k   p a t e n t ,   the   f l e x i -  

b i l i t y   is  i n s u f f i c i e n t   to  a l l o w   c o a t i n g   on  t h i n   p o l y e s t e r  

f i l m s .   G r e n o b l e ,   U .S .   P a t e n t   No.  4 , 0 7 1 , 6 4 4   d i s c l o s e s   a  

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

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

in  t h i s   p a t e n t   c o m p r i s e s   v i n y l   a l k y l   s i l o x a n e   o l i g o m e r s ,  

a l k y l   h y d r o g e n   s i l o x a n e s ,   and  a  c a t a l y s t .   T h e s e   c o a t i n g s  

a r e   c u r a b l e   a t   2 5 0 ° F   ( 1 2 1 ° C ) ,   a  t e m p e r a t u r e   a t   w h i c h   a  

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

i n f r a r e d   i m a g e a b l e   f i l m s   and  t h e r m a l l y   i m a g e a b l e   f i l m s  

w o u l d   r e a c t   p r e m a t u r e l y .   G a r d e n ,   e t   a l ,   U.S .   P a t e n t  

3 , 9 3 6 , 5 8 1   d i s c l o s e s   a  r e l e a s e   c o a t i n g   c o n t a i n i n g   v i n y l  

s i l o x a n e s   in  m i x t u r e   w i t h   a l k y l   h y d r o g e n   s i l o x a n e s   and  a  

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

e x c e s s   of  1 0 0 ° C ,   a  t e m p e r a t u r e   w h i c h   w o u l d   b r i n g   a b o u t  

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

i n f r a r e d   i m a g e a b l e   f i l m s .  

SUMMARY  OF  THE  INVENTION 

T h i s   i n v e n t i o n   i n v o l v e s   a  f i l m   s u i t a b l e   f o r  

t h e r m a l   i m a g i n g   w h i c h   c o m p r i s e s   (1)  a  s u b s t r a t e   f o r m e d   f r o m  

a  f l e x i b l e   m a t e r i a l ,   (2)   a  l a y e r   of  t h e r m a l l y   i m a g e a b l e  

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

s u b s t r a t e ,   and  (3)  a  c u r e d   o r g a n o p o l y s i l o x a n e   r e l e a s e  

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

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

c o m p o s i t i o n   c o m p r i s i n g   ( 1 )  a t   l e a s t   one  c u r a b l e  

p o l y s i l o x a n e   or  e p o x y p o l y s i l o x a n e ,   and  (2)  a  c a t a l y s t .  

The  p r e f e r r e d   r e l e a s e   c o a t i n g   is  p r e p a r e d   f rom  a  

c o m p o s i t i o n   c o m p r i s i n g   (1)  a  c u r a b l e   p o l y s i l o x a n e ,   (2)  a  

c a t a l y s t ,   (3)  a  c r o s s - l i n k i n g   a g e n t ,   (4)  a  f a s t - c u r e  

a d d i t i v e ,   and  (5)  an  a n c h o r a g e   a d d i t i v e .  



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

t he   i m a g i n g   f i l m   by  c o n v e n t i o n a l   means   and  c u r e d   a t  

t e m p e r a t u r e s   s u f f i c i e n t l y   low  so  as  to  p r e v e n t   a d v e r s e  

e f f e c t s   upon   t h e   l a y e r   of  i m a g e a b l e   m a t e r i a l .   The  r e l e a s e  

c o a t i n g   is  a l s o   s u f f i c i e n t l y   p e r m e a b l e   so  as  to  a l l o w  

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

r e d u c i n g   t h e   " h a l o "   e f f e c t .   In  a d d i t i o n ,   t he   c o a t i n g   i s  

s u f f i c i e n t l y   f l e x i b l e   so  t h a t   t he   f i l m   b e a r i n g   i t   can  b e  

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

e . g . ,   3M  Model   45  i n f r a r e d   c o p i e r .   T o n e r   p o w d e r   f rom  p l a i n  

p a p e r   c o p i e s   w i l l   no t   s t i c k   to  t h i s   c o a t i n g   when  t h e  

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

a p p a r a t u s ,   e . g . ,   an  i n f r a r e d   c o p i e r .  

DETAILED  DESCRIPTION 

The  t y p e   of  f i l m   c o n t e m p l a t e d   f o r   use  in  t h e  

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

by  b e i n g   e x p o s e d   to  t h e r m a l   e n e r g y ,   e . g .   i n f r a r e d  

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

o r i g i n a l .  

A  p a r t i c u l a r l y   a p p r o p r i a t e   t y p e   of  t h e r m a l l y  

i m a g e a b l e   f i l m   c o n t e m p l a t e d   f o r   use   in  t he   p r e s e n t  
i n v e n t i o n   i s   d e s c r i b e d   in  I s b r a n d t ,   e t   a l ,   U .S .   P a t e n t  

A p p l i c a t i o n   3 5 2 , 0 5 3 ,   f i l e d   F e b r u a r y   24,  1 9 8 2 ,   i n c o r p o r a t e d  

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

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

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

i m a g e a b l e   l a y e r   on  a t   l e a s t   one  s u r f a c e   t h e r e o f .   S u b s t r a t e  

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

p o l y c a r b o n a t e s ,   p o l y e s t e r s ,   p o l y a c r y l a t e s ,   p o l y s t y r e n e ,   a n d  

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

c h l o r i d e   p r i m e d   p o l y e s t e r   f i l m .   The  p r e f e r r e d   p o l y e s t e r   i s  

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 .  

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

e . g . ,   n i c k e l   n i t r a t e ,   a t   l e a s t   one  l e u c o   d y e ,   e . g . ,  

3 , 7 - d i ( N , N - d i e t h y l a m i n o ) 1 0 - b e n z o y l   p h e n o x a z i n e ,   and  a  

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



a r o m a t i c   c o m p o u n d s   w h i c h   fo rm  q u i n o n e s ,   d i i m i n e s ,   o r  

q u i n o n i m e s   upon  o x i d a t i o n ,   e . g . ,   c a t e c h o l ,   a n d  

I - p h e n y l - 3 - p y r a z o l i d i n o n e   or  d e r i v a t i v e s   t h e r e o f .   T h e  

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

i o n s ,   e . g . ,   an  a c i d i c   m a t e r i a l   s u c h   as  p h t h a l i c   a c i d .   U p o n  

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

t he   n i t r a t e   s a l t   w i l l   o x i d i z e   t he   l e u c o   d y e ,   r e s u l t i n g   in  a  

c h a n g e   in  c o l o r .  

O t h e r   t h e r m a l l y   i m a g e a b l e   f i l m s   t h a t   a r e   s u i t a b l e  

f o r   use   in  the   p r e s e n t   i n v e n t i o n   a r e   d e s c r i b e d   in  O w e n ,  

U . S .  P a t e n t   No.  2 , 9 1 0 , 2 7 7 ;   G r a n t ,   U.S.   P a t e n t   N o .  

3 , 0 8 0 , 2 5 4 ;   and  Newman  e t   a l ,   U .S .   P a t e n t   No.  3 , 6 8 2 , 6 8 4 ,   a l l  

of   w h i c h   a r e   i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .   Owen 

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

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

v i s i b l y   h e a t - s e n s i t i v e   c o a t i n g   c o m p r i s i n g   (1)  a  f i l m -  

f o r m i n g   b i n d e r ,   (2)  a  n o b l e   m e t a l   s a l t   of  an  o r g a n i c   a c i d ,  

and  (3)  a  c y c l i c   o r g a n i c   r e d u c i n g   a g e n t   f o r   t he   n o b l e   m e t a l  

i o n s ,   h a v i n g   an  a c t i v e   h y d r o g e n   a tom  a t t a c h e d   to  an  a t o m  

w h i c h   is  s e l e c t e d   f rom  t h e   c l a s s   of  o x y g e n ,   n i t r o g e n   a n d  

c a r b o n   a t o m s   and  is   d i r e c t l y   a t t a c h e d   to  an  a tom  of  t h e  

c y c l i c   r i n g .   G r a n t   d e s c r i b e s   a  h e a t - s e n s i t i v e   copy   s h e e t  

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

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

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

b o t h   Owen  and  G r a n t ,   t he   p r e f e r r e d   f i l m - f o r m i n g   b i n d e r   i s  

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

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

t he   p r e f e r r e d   r e d u c i n g   a g e n t s   a r e   3 , 4 - d i h y d r o x y b e n z o i c   a c i d  

and  m e t h y l   g a l l a t e .   Newman  e t   al  d e s c r i b e s   a  

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

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

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

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

p h e n o l i c   c o - r e a c t a n t   f o r   t he   s o a p s .   An  e x a m p l e   of  f e r r i c  

and  s i l v e r   s o a p   m i x t u r e   is  f o r r i c   s t e a r a t e   and  s i l v e r  

b e h e n a t e .   An  e x a m p l e   of  a  t o n e r   is  p h t h a l a z i n o n e ,   a n d  



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

p y r o g a l l i c   a c i d ,   c a t e c h o l ,   3 , 4 - d i h y d r o x y b e n z o i c   a c i d ,  

m e t h y l   g a l l a t e ,   and  b e h e n o y l   p y r o g a l l o l .  

C o m p o s i t i o n s   f o r   p r e p a r i n g   t he   o r g a n o p o l y s i l o x a n e  

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

a t   t e m p e r a t u r e s   u n d e r   70°C  w i t h   an  e x p o s u r e   t i m e   of  u n d e r   3 

m i n u t e s .   L o n g e r   c u r e   t i m e s   or  h i g h e r   c u r i n g   t e m p e r a t u r e s  

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

t h e   t h e r m a l   i m a g i n g   s y s t e m .  

O r g a n o p o l y s i l o x a n e s   s u i t a b l e   f o r   t he   p r e s e n t  

i n v e n t i o n   i n c l u d e   h y d r o x y - t e r m i n a t e d   or  a l k o x y - t e r m i n a t e d  

p o l y a l k y l s i l o x a n e s ,   f o r   e x a m p l e ,   o r g a n o p o l y s i l o x a n e  

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

e s s e n t i a l l y   of  f rom  .1  to   3%  by  w e i g h t   of  m e t h y l h y d r o -  

g e n p o l y s i l o x a n e   and  f rom  97  to   99.9%  by  w e i g h t   of  a  

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

in  w h i c h   x  has   a  v a l u e   f rom  1 .9   to   2  i n c l u s i v e   and  in  w h i c h  

s i l o x a n e   s u b s t a n t i a l l y   a l l   of  t he   m o l e c u l e s   have   a t t a c h e d  

t h e r e t o   a t   l e a s t   a  t o t a l   of  two  s i l i c o n - b o n d e d   h y d r o x y l  

g r o u p s   a n d / o r   a l k o x y   g r o u p s   of  l e s s   t h a n   5  c a r b o n   a t o m s ,   a s  

d e s c r i b e d   in  U . S .   P a t e n t   No.  3 , 0 6 1 , 5 6 7 ,   t h e   d i s c l o s u r e   o f  

w h i c h   is  i n c o r p o r t e d   h e r e i n   by  r e f e r e n c e ;   c u r e d   e p o x y p o l y -  

s i l o x a n e s   and  t h e i r   b l e n d s   w i t h   e p o x y - t e r m i n a t e d   s i l a n e s ,  

as  d i s c l o s e d   in  U.S .   P a t e n t   No.  4 , 3 1 3 , 9 8 8 ,   t he   d i s c l o s u r e  

of   w h i c h   is  i n c o r p o r a t e d   h e r e i n   by  r e f e r e n c e .  

o r g a n o p o l y s i l o x a n e s   of  the   t y p e   d i s c l o s e d   in  U . S .  

P a t e n t   No.  3 , 0 6 1 , 5 6 7   can   be  p r e p a r e d   f rom  c o m p o s i t i o n s  

c o m p r i s i n g   (1)  a  s i l i c o n e   r e s i n ,   (2)  a  c a t a l y s t ,   (3)  a  

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

and  an  a n c h o r a g e   a d d i t i v e .  

A  c o m m e r c i a l l y   a v a i l a b l e   s i l i c o n e   r e s i n   w h i c h  

has   b e e n   f o u n d   to  be  u s e f u l   f o r   t h i s   i n v e n t i o n   is  S y l - o f f O   2 9 4  

w h i c h   i s   a v a i l a b l e   f rom  Dow  C o r n i n g   C o r p o r a t i o n .  



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

r e q u i r e d   and  h e a t   i n p u t   n e c e s s a r y   to  c u r e   t he   a f o r e m e n -  

t i o n e d   s i l i c o n e   r e s i n s .   C a t a l y s t s   u s e f u l   in  t he   p r a c t i c e  

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

a l k y l   g r o u p s   c o n t a i n   f rom  1  to   6  c a r b o n   a t o m s .   C a t a l y s t s  

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

f o r m u l a :  

w h e r e i n   R  is   - C H ( C 2 H 5 ) ( C H 2 ) 3 C H 3 ,   -CH3,   or  - ( C H 2 ) 1 0 C H 3 .  

C o m m e r c i a l l y   a v a i l a b l e   c a t a l y s t s   w h i c h   have   b e e n  

f o u n d   to  be  u s e f u l   in  t he   p r a c t i c e   of  t h i s   i n v e n t i o n  

i n c l u d e   Dow  C o r n i n g ®   23A  and  Dow  C o r n i n g ®   X Y - 1 7 6 ,   b o t h   o f  

w h i c h   a r e   a v a i l a b l e   f rom  Dow  C o r n i n g   C o r p o r a t i o n ,  

d i b u t y l t i n   d i a c e t a t e   a v a i l a b l e   f rom  A l f a   P r o d u c t s ,   a n d  

d i b u t y l t i n   d i l a u r a t e ,   a v a i l a b l e   f rom  A l f a   P r o d u c t s   and  MCB 

R e a g e n t s .  

C r o s s - l i n k i n g   a g e n t s   can   a d v a n t a g e o u s l y   b e  

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

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

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

C o m m e r c i a l l y   a v a i l a b l e   c r o s s - l i n k i n g   a g e n t s  

w h i c h   have   been   f o u n d   to  be  u s e f u l   in  t he   p r a c t i c e   of  t h i s  

i n v e n t i o n   i n c l u d e   Dow  C o r n i n g ®   C 4 - 2 1 1 7 ,   a v a i l a b l e   f rom  Dow 

C o r n i n g   C o r p o r a t i o n ,   t e t r a e t h o x y s i l a n e ,   a v a i l a b l e   f rom  A l f a  

P r o d u c t s ,   t e t r a p r o p o x y s i l a n e ,   a v a i l a b l e   f rom  PCR  R e s e a r c h  

C h e m i c a l s .   Dow  C a r n i n g ®   C 4 - 2 1 1 7   has   t he   f o l l o w i n g   f o r m u l a :  

An  a n c h o r a g e   a d d i t i v e   can  a l s o   be  a d d e d   to  t h e  

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

a d h e s i o n   of  t he   c o a t i n g   to  the   s u b s t r a t e .   A  c o m m e r c i a l l y  
a v a i l a b l e   a n c h o r a g e   a d d i t i v e   is  S y l - o f f O   297,   a v a i l a b l e  

f rom  Dow  C o r n i n g   C o r p o r a t i o n .   T h i s   a d d i t i v e   a l s o   is  u s e f u l  



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

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

a n h y d r o u s   a l c o h o l s ,   k e t o n e s ,   and  a c e t 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  a n h y d r o u s   a l c o h o l s   a r e   m e t h a n o l ,  

e t h a n o l ,   and  i s o p r o p a n o l .   R e p r e s e n t a t i v e   e x a m p l e s   o f  

k e t o n e s   a r e   m e t h y l   e t h y l   k e t o n e   and  m e t h y l   i s o p r o p y l  

k e t o n e .  

S y l - o f f ®   297  has   the   f o l l o w i n g   f o r m u l a :  

w h e r e i n   R1  is  a  l o n g   c h a i n   m o l e c u l e   e n d i n g   i n  

or   C=C.  

P r e f e r a b l y   R1  c o n t a i n s   f rom  1  to   5  c a r b o n   a t o m s .  

The  c o n c e n t r a t i o n   of  e a c h   i n g r e d i e n t   can  v a r y ,  
t h e   p a r t i c u l a r   a m o u n t   of  e a c h   d e p e n d i n g   upon  t he   c o m b i n a -  

t i o n   of  p r o p e r t i e s   n e e d e d ,   as  e x p l a i n e d   h e r e i n a f t e r .  

When  e m p l o y i n g   S y l - o f f ®   294  r e s i n ,   i t   i s  

p r e f e r r e d   t h a t   t h e   r e s i n   be  d i s s o l v e d   in  an  a l i p h a t i c   o r  
a r o m a t i c   s o l v e n t ,   s u c h   a s ,   f o r   e x a m p l e ,   h e p t a n e ,   VM  &  P 

n a p h t h a ,   t o l u e n e ,   and  b l e n d s   of  t o l u e n e   and  h e p t a n e .   Some  

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

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

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

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

c o n t a i n   f rom  2  to   10  p e r c e n t   by  w e i g h t   s i l i c o n e .   The  l e v e l  

of  c a t a l y s t   can  v a r y ,   d e p e n d i n g   upon  t he   c u r i n g   t e m p e r a t u r e  
and  t i m e   d e s i r e d .   When  Dow  C o r n i n g ®   23A  c a t a l y s t   is  u s e d  

w i t h   S y l - o f f ®   294  r e s i n ,   i t   is  p r e f e r r e d   t h a t   t h e  

c o n c e n t r a t i o n   of  c a t a l y s t   be  f rom  10  to   30  p e r c e n t   b y  

w e i g h t ,   more   p r e f e r a b l y   10  to  18  p e r c e n t   by  w e i g h t ,   b a s e d  

on  w e i g h t   of  s i l i c o n e   s o l i d s ;   when  Dow  C o r n i n g °   X Y - 1 7 6  

c a t a l y s t   is  u sed   w i t h   S y l - o f f ®   294  r e s i n ,   i t   is  p r e f e r r e d  



t h a t   5  to   15  p e r c e n t   by  w e i g h t   c a t a l y s t ,   b a s e d   on  w e i g h t   o f  

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

d e s i r e d ,   Dow  C o r n i n g @   C 4 - 2 1 1 7   f a s t   c u r e   a d d i t i v e   can  b e  

u s e d   at   a  l e v e l   of  5  to   20  p e r c e n t   by  w e i g h t ,   p r e f e r a b l y   8 

to  17  p e r c e n t   by  w e i g h t ,   b a s e d   on  w e i g h t   of  s i l i c o n e  

s o l i d s .   I f   Dow  C o r n i n g ®   C 4 - 2 1 1 7   f a s t   c u r e   a d d i t i v e   i s  

u s e d ,   e i t h e r   3  to   8  p e r c e n t   by  w e i g h t ,   b a s e d   on  w e i g h t   o f  

s i l i c o n e   s o l i d s ,   of  S y l - o f f O   297  a n c h o r a g e   a d d i t i v e   or  1  t o  

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

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

e x t e n d e r .  

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

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

them  i n t o   a  v e s s e l ,   and  m i x i n g   them  by  any  s u i t a b l e   m e t h o d ,  

s u c h   a s ,   f o r   e x a m p l e ,   s t i r r i n g .   B e c a u s e   of  p o s s i b l e   t o o  

r a p i d   r e a c t i o n   of  f a s t - c u r e   a d d i t i v e ,   e . g .   Dow  C o r n i n g ®  

C 4 - 2 1 1 7 ,   w i t h   c a t a l y s t ,   e . g .   Dow  C o r n i n g ®   X Y - 1 7 6 ,   t h e  

f a s t - c u r e   a d d i t i v e   s h o u l d   be  a d d e d   and  m i x e d   w e l l   b e f o r e  

a d d i t i o n   of  c a t a l y s t .  

The  c o m p o s i t i o n   can  be  a p p l i e d   to  the   s u r f a c e   o f  

t he   i m a g i n g   f i l m   by  any  of  t he   t e c h n i q u e s   known  in  t h e   a r t ,  

s u c h   a s ,   f o r   e x a m p l e ,   k n i f e   c o a t i n g ,   Mayer   rod  c o a t i n g ,  

c u r t a i n   c o a t i n g ,   e x t r u s i o n   b a r   c o a t i n g ,   and  r o t o g r a v u r e  

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

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

as  a  t op   c o a t .   The  c o m p o s i t i o n   is  p r e f e r a b l y   a p p l i e d   t o  

t he   s u r f a c e   of  t he   i m a g i n g   f i l m   by  c o a t i n g   f r o m  a n   o r g a n i c  

s o l v e n t .   H o w e v e r ,   s o l v e n t l e s s   c o a t i n g   is  an  a c c e p t a b l e  

m e t h o d   when  u s i n g   the   s q u e e z e   r o l l   c o a t i n g   t e c h n i q u e .  

C a t a l y s t   and  c r o s s - l i n k i n g   a g e n t s   a r e   c r i t i c a l   i n  

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

r e v e r s e   r o l l .  

P h t h a l i c   a c i d   and  c a t e c h o l   p r e s e n t   in  the   i m a g i n g  

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

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

f o r   a d e q u a t e   c u r e ,   bu t   a  s h o r t   d ry   t i m e   f o r   t h a t   l a y e r  



r e d u c e s   the   l i k e l i h o o d   of  a d e q u a t e   c u r e .   The  a d d i t i v e s  

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

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

a n c h o r a g e .  

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

U .S .   P a t e n t   No.  4 , 3 1 3 , 9 8 8   a r e   r e p r e s e n t e d   by  t h e   f o r m u l a ,  

w h e r e i n   R2  is   a  l o w e r   a l k y l   g r o u p   of  one  to  t h r e e   c a r b o n  

a t o m s ,   R3  is  a  m o n o v a l e n t   h y d r o c a r b o n   r a d i c a l   of   4  to   20  

c a r b o n   a t o m s ,   E  is   a  m o n o v a l e n t   e p o x y - c o n t a i n i n g  

h y d r o c a r b o n   r a d i c a l ,   M  is  a  s i l y l   g r o u p   R 2 S i - ,   R 2 R 3 S i  

o r   R 2 E S i - ,   w h e r e   R2,  R3,  and  E  a r e   d e f i n e d   a b o v e ,   a  is  5 

to  2 0 0 ,   b  is   0  or  u p  t o   20%  of  a,  a+b  i s   5  to  200 ,   c  may  b e  

0  when  M  is   R 2 E S i -   o r   g r e a t e r   t h a n   0  b u t   l e s s   t h a n   20%  o f  

the   v a l u e   of  a  ( a + b )   when  M  is  R 2 S i - ,   R 2 R 3 S i -   o r  
R 2 E S i - ,   and  n  is  1  to   75.   In  t h e   a b o v e   f o r m u l a ,   t h e  

p r e f e r r e d   R  g r o u p   is  m e t h y l ,   and  the   p r e f e r r e d   M  g r o u p   i s  

R 2 E S i -   when  c  is  0,  and  R 2 S i -   when  c  is  g r e a t e r   t h a n   0 .  

A l s o ,   when  c  i s   0  and  M  is   R 2 E S i - ,   n  i s   1  to   5,  a n d  

p r e f e r a b l y   n  is   1  or   2 .  

The  p r e f e r r e d   b  i s   0 .  

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

h y d r o c a r b o n   r a d i c a l ,   R3,  in  t he   a b o v e   f o r m u l a   a r e   a l k y l  

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

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

b i s p h e n y l y l ;   a l k a r y l   r a d i c a l s   s u c h   as  t o l y l   and  x y l y l ;  

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

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

c y c l o p e n t y l ,   c y c l o h e x y l   and  3 - c y c l o h e x y l p r o p y l ;   and  e t h e r  

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

e t h o x y p r o p y l ,   b u t o x y b u t y l ,   and  e t h o x y c a r b o n y l p r o p y l   and  t h e  

l i k e .   The  p r e f e r r e d   R3  is   a l k y l   of  4-8  c a r b o n   a t o m s .  



The  s i l o x a n e   g r o u p s ,  

,  a n d  a r e  

o r d e r e d   or   r a n d o m l y   a r r a n g e d   in  the   e p o x y p o l y s i l o x a n e   a n d  

t he   m o n o v a l e n t   e p o x y - c o n t a i n i n g   h y d r o c a r b o n   r a d i c a l ,   E ,  

c o n t a i n s   a t   l e a s t   one  p o l y m e r i z a b l e   e p o x y   g r o u p .  

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

of  a c e t y l e n i c   u n s a t u r a t i o n   and  in  a d d i t i o n   to  t h e   o x i r a n o  

o x y g e n   can   c o n t a i n   e t h e r ,   O  ,   or  c a r b o n y l   o x y g e n ,   e . g . ,  

I l l u s t r a t i v e   e x a m p l e s   o f  E   a r e :  



In  t he   a b o v e   e p o x y - c o n t a i n i n g   h y d r o c a r b o n  

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

t e r m i n a l   p o s i t i o n   of  t h e   r a d i c a l ,   b u t   i t   need   no t   be  a  

t e r m i n a l   g r o u p .  

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

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

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

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

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

m a t e r i a l s   h a v i n g   p o l y m e r i z a b l e   e p o x y   g r o u p ( s )   and  a  

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

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

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

may  c o n t a i n   e t h e r   or  c a r b o n y l   o x y g e n   l i n k i n g   g r o u p s .   T h e  

e p o x y - t e r m i n a t e d   s i l a n e   is   r e p r e s e n t e d   by  the   f o r m u l a ,  

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

r a d i c a l   d e f i n e d   a b o v e ,   p  i s   1  to   3  ( p r e f e r a b l y   3 )  a n d   R4 

can   be  an  a l i p h a t i c   h y d r o c a r b o n   r a d i c a l   of  l e s s   t h a n   10  

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

b u t y l ) ,   an  a l k e n y l   s u c h   a  a l l y l   or   v i n y l ,   or  an  a c y l  
r a d i c a l   s u c h   as  f o r m y l ,   a c e t y l ,   or  p r o p i o n y l .   B e c a u s e   o f  

a v a i l a b i l i t y   and  p e r f o r m a n c e ,   t h e   p r e f e r r e d   R4  is   a  l o w e r  

a l k y l   s u c h   as  m e t h y l   or  e t h y l .   Many  i l l u s t r a t i v e   e x a m p l e s  

a r e   d e s c r i b e d   in  U.S .   P a t e n t   No.  4 , 0 4 9 , 8 6 1 .  

In  a d d i t i o n   to  tho  s i l a n e ,   any  h y d r o l y z a t e   of  t h e  

a b o v e   s i l a n e s   can  be  u s e d .   The  h y d r o l y z a t e   is  f o r m e d   b y  

p a r t i a l   or  c o m p l e t e   h y d r o l y s i s   of  t he   s i l a n e   OR4  g r o u p s   a s  
d e s c r i b e d   f u r t h e r   in  U .S .   P a t e n t   No.  4 , 0 4 9 , 8 6 1 .  

The  a m o u n t   of  the   e p o x y - t e r m i n a t e d   s i l a n e   o r  

h y d r o l y z a t e   can  r a n g e   f rom  0  to  a b o u t   98%  of  t h e  

e p o x y p o l y s i l o x a n e   u s e d ,   t he   a m o u n t   b e i n g   d e t e r m i n e d   by  t h e  

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

g i v e   t he   h i g h e r   r e l e a s e   v a l u e s .  



C u r i n g   of  t h e   e p o x y p o l y s i l o x a n e - c o n t a i n i n g  

c o m p o s i t i o n s   of  t h i s   i n v e n t i o n   can  be  e f f e c t e d   by  m i x i n g  

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

a d d i t i o n a l l y   r e q u i r e   h e a t   or  r a d i a t i o n .   E x a m p l e s   of  e p o x y  

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

c o m p l e x e s ,   s u c h   as  BF3  and  c o m p l e x e s   w i t h   e t h e r s   a n d  

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

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

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

( e . g . ,   h a v i n g   SbF6 ,   SbF5OH,  PF6,   BF4,  or  AsF6  a n i o n s ,   a s  

d i s c l o s e d   in  U .S .   P a t e n t   No.  4 , 1 0 1 , 5 1 3 )   and  o r g a n i c   a c i d s  

and  t h e i r   s a l t s   or  o t h e r   d e r i v a t i v e s   s u c h   as  t he   h i g h l y  

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

U .S .   P a t e n t   No.  4 , 0 4 9 , 8 6 1 .   The  p r e s e n c e   of  t he   c a t a l y s t   i n  

t h e   c u r e d   c o m p o s i t i o n   d o e s   no t   a f f e c t   i t s   e f f i c a c y   as  a  

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

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

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

e p o x y - t e r m i n a t e d   s i l a n e   a r e  m i x e d   in  a  s o l v e n t   o r ,   w h e r e  

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

a b o u t   1.  to   5%  by  w e i g h t   of  t h e   e p o x y   c o m p o s i t i o n .   T h e  

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

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

to  b r i n g   a b o u t   c u r e .   S o l v e n t s   w h i c h   can  be  u s e d   i n c l u d e  

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

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

c o a t i n g   t e c h n i q u e   is  no t   e s p e c i a l l y   c r i t i c a l   and  a n y - o f  

s e v e r a l   w e l l   known  p r o c e d u r e s   can  b e  u s e d .   W i r e w o u n d   r o d s ,  

s u c h   as  a  Mayer   b a r ,   or  a  r o t o g r a v u r e   a p p l i c a t o r   r o l l  

h a v i n g ,   f o r   e x a m p l e ,   80  l i n e s   p e r   i n ,   p r o v i d e   u n i f o r m  

c o a t i n g s .   O p t i o n a l l y ,  a   m i x i n g   s p r a y   n o z z l e   h a v i n g   a  l i n e  

f o r   the   e p o x y p o l y s i l o x a n e   f l u i d   or  s o l u t i o n   and  a  s e p a r a t e  

l i n e   f o r   the   c a t a l y s t   s o l u t i o n   cnn  be  u s e d .  

The  c o a t i n g   t h i c k n e s s   of  t he   o r g a n o p o l y s i l o x a n e  

r e l e a s e   c o a t i n g   can  be  c o n t r o l l e d   to  o b t a i n   o p t i m u m  

p e r f o r m a n c e .   C o a t i n g   w e i g h t s   in  e x c e s s   of  2 .1   g/m2  t end   t o  

b e c o m e   s o f t   and  to  d e f o r m   upon  e x p o s u r e   to  h e a t .   T h i s  



d e f o r m a t i o n   can  l e a d   to  i r r e g u l a r i t i e s   in  image  a r e a s ,  

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

d a r k   s p o t s   in  t h e   p r o j e c t e d   i m a g e .   The  p r e f e r r e d   r a n g e   o f  

c o a t i n g   w e i g h t   is   f rom  a b o u t   0 . 1 0 8   g/m2  to  a b o u t   1 . 0 7 6  

g / m 2 .   The  m o s t   p r e f e r r e d   r a n g e   is  f rom  a b o u t   0 . 1 0 8   g/m2  t o  

a b o u t   0 . 5 3 8   g / m 2 .  

In  some  s i t u a t i o n s ,   a  b a r r i e r   c o a t   mus t   b e  

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

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

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

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

S - 2 0 ,   c o m m e r c i a l l y   a v a i l a b l e   f rom  H e r c u l e s ,   I n c . ) .  

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

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

i n v e n t i o n   is   s u p e r i o r   to  t h o s e   in  c o n v e n t i o n a l   use   f o r   t h e  

f o l l o w i n g   r e a s o n s :  

(1)   t h e   c o m p o s i t i o n   can  be  c u r e d   a t   t e m p e r a t u r e s  

b e l o w   a b o u t   70°C ,   low  e n o u g h   to  p r e v e n t   d a m a g e  

to   i m a g i n g   c h e m i s t r y ;  

(2)  t h e   c o m p o s i t i o n   can   be  c o a t e d   w i t h   a  h i g h   s p e e d  

c o a t i n g   a p p a r a t u s ,   e . g . ,   r o t o g r a v u r e ,   r e v e r s e  

r o l l ;  

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

m o i s t u r e ,   r e s u l t i n g   in  r e d u c t i o n   of  image   e d g e  

h a z i n e s s ,   o r  " g h o s t i n g " ;  

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

c o a t i n g s  c u r r e n t l y   u sed   i n  t h e  a r t ;  

(5)  the   c u r e d   c o a t i n g   has   good  r e l e a s e   f rom  t o n e r  

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

no t   a d h e r e   to  t he   s u r f a c e   of  t he   f i l m .  

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

q u i t e   u s e f u l   in  t h e r m a l   p r i n t i n g   d e v i c e s ,   s u c h   as  t h e  

H e w l e t t - P a c k a r d   9800  s e r i e s .   The  t h e r m a l  p r i n t   h e a d s   a r e  

e x t r e m e l y   h o t ,   e . g . ,   g r e a t e r   t h a n   100°C ,   and  t hey   have   a 

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

f rom  the   s u b s t r a t e ,   r e s u l t i n g   in  f o u l e d   p r i n t   h e a d s .   T h e  



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

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

the   p r i n t   head   f rom  the   t h e r m a l l y   i m a g e a b l e   m a t e r i a l s .  

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

t i o n s   of  t he   p r e s e n t   i n v e n t i o n .   I t   s h o u l d   be  u n d e r s t o o d  

t h a t   t he   i n v e n t i o n   is  not   i n t e n d e d   to  be  l i m i t e d   t o  

s p e c i f i c   d e t a i l s   to  be  s e t   f o r t h   t h e r e i n .  

EXAMPLE  I  

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

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

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

The  c o m p o s i t i o n   was  c o a t e d   o v e r   t he   i m a g e a b l e   l a y e r   of  a  
s h e e t   of  t r a n s p a r e n t   i n f r a r e d   i m a g e a b l e   f i l m   by  means   o f  

k n i f e   c o a t i n g .   The  wet  c o a t i n g   t h i c k n e s s   was  2  m i l s  

( 5 0 . 8   m).   The  c o a t i n g   was  d r i e d   a t   a  t e m p e r a t u r e   of  1 4 0 ° F  

( 6 0 ° C )   f o r   3  m i n u t e s .  

In  t h i s   and  t h e   f o l l o w i n g   E x a m p l e s   II  and  I I I   t h e  

t r a n s p a r e n t   i n f r a r e d   i m a g e a b l e   f i l m   was  4  mi l   (100  m) 

t h i c k   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   s h e e t   b e a r i n g   on  one  m a j o r  

s u r f a c e   t h e r e o f   an  i m a g e a b l e   l a y e r   c o a t e d   f rom  a  
f o r m u l a t i o n   c o n t a i n i n g   the   f o l l o w i n g   i n g r e d i e n t s   in  t h e  

a m o u n t s   i n d i c a t e d :  



P r i o r   to  c o a t i n g ,   t he   a b o v e   f o r m u l a t i o n   was  s c a l e d - u p   1 5 0 0 X  

and  r o t o g r a v u r e   c o a t e d   w i t h   a  7 9 . 4   l i n e s / i n .   k n u r l   at   1 2 5  

f t / m i n ,   w i t h   an  oven   d w e l l   t ime   of  68  s e c o n d s   at   a  

t e m p e r a t u r e   of  180°F   ( 8 2 ° C ) .  

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

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

a d h e r i n g   to  t he   i n f r a r e d   i m a g i n g   f i l m .   The  e f f e c t i v e n e s s  

of  t he   s i l i c o n e   r e l e a s e   c o a t i n g   was  m e a s u r e d   by  c o m p a r i n g  

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

f i l m   f rom  t h e   same  l o t .   The  o p t i c a l   d e n s i t i e s   w e r e  

m e a s u r e d  w i t h   a  M a c B e t h   Model   T D 5 0 4 M   d e n s i t o m e t e r .   T h e  

i m a g e s   were   made  on  a  3M  Mode l   45  i n f r a r e d   t r a n s p a r e n c y  

m a k e r .   The  t r e a t e d   and  u n t r e a t e d   f i l m   s a m p l e s   were   f e d  

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

were   e x p o s e d   to  i d e n t i c a l   c o n d i t i o n s .   U n c o a t e d   p o l y e s t e r  

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

T a b l e   I :  





U n t r e a t e d   i n f r a r e d   i m a g e a b l e   f i l m ,   i . e . ,   f i l m   n o t  

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

o r i g i n a l ,   i . e . ,   a  p l a i n   p a p e r   copy   b e a r i n g   r e m o v a b l e   t o n e r  

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

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

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

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

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

g i v e   t h e   same  o p t i c a l   d e n s i t y   r e a d i n g s   when  the   image   i s  

p r e p a r e d   f rom  a  p r i n t e d   o r i g i n a l ,   i . e .   an  o r i g i n a l   h a v i n g  

no  r e m o v a b l e   t o n e r ,   a s s u m i n g   t h a t   t h e   f i l m s   a r e   s e l e c t e d  

f rom  t h e   same  l o t .   T h i s   was  i n d e e d   t r u e   (See  S a m p l e   A, 

T a b l e   I ) .   When  u n t r e a t e d   p o l y e s t e r   f i l m   h a v i n g   no  i m a g e  

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

t h e   f i l m   s h o u l d   was  o b s e r v e d   (See   S a m p l e   A,  T a b l e   I ) .   When 

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

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

h a v i n g   no  image   r e c e i v i n g   l a y e r ,   an  image   r e s u l t i n g   f r o m  

r e m o v e d   t o n e r   was  o b s e r v e d   and  m e a s u r e d   (See   S a m p l e   C,  

T a b l e   I ) .  

A  t r a n s p a r e n c y   p r e p a r e d   f rom  a  t o n e d   o r i g i n a l   a n d  

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

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

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

and  an  u n t r e a t e d   i n f r a r e d   i m a g e a b l e   f i l m   f rom  the   same  l o t ,  

s o l e l y   due  to  the   a b s e n c e   of  a d h e r i n g   t o n e r   m a t e r i a l   on  t h e  

t r e a t e d   f i l m .   T h i s   was  shown  to  be  t r u e   in  S a m p l e s   B,  C,  

D,  and  E  of  T a b l e   I.  F u r t h e r m o r e ,   b e c a u s e   t o n e r   d e p o s i t i o n  

on  t h e   u n t r e a t e d   f i l m   was  no t   u n i f o r m ,   t h e   s t a n d a r d  

d e v i a t i o n   of  the   a v e r a g e   image   d e n s i t y   r e a d i n g s   was  g r e a t e r  
f o r   the   u n t r e a t e d   f i l m s   t h a n   f o r   t he   t r e a t e d   f i l m s .   ( S e e  

S a m p l e s   B,  C,  D,  and  E  of  T a b l e   I ) .   In  c o n t r a s t ,   s t a n d a r d  

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

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

t r e a t e d   and  u n t r e a t e d   f i l m s   (See   S a m p l e   A,  T a b l e   1 ) .  



EXAMPLE  I I  

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

c l a s s e s   of  s i l i c o n e   r e s i n s   a r e   s u i t a b l e   f o r   use  in  t h e  

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

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

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

Each  f o r m u l a t i o n   was  c o a t e d   o v e r   the   i m a g e a b l e  

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

m e a n s   of  k n i f e   c o a t i n g .   The  wet  c o a t i n g   t h i c k n e s s   was  2 

m i l s   ( 5 0 . 8   m).  The  f o l l o w i n g   t a b l e   s e t s   f o r t h   c u r e  

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



F o r m u l a t i o n   D  d i d   no t   c u r e   a t   82°C  b e c a u s e   Dow  C o r n i n g ®   23A 

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

C o r n i n g @   XY-176  c a t a l y s t .   Of  t h e   t h r e e   f o r m u l a t i o n s  

w h e r e i n   c u r e   was  e f f e c t e d ,   o n l y   f o r m u l a t i o n   A  c o u l d   b e  

c u r e d   a t   a  t e m p e r a t u r e   b e l o w   70°C.   F o r m u l a t i o n s   B  a n d   C 

w o u l d   no t   be  s u i t a b l e   f o r   use   in  t he   p r e s e n t   i n v e n t i o n  

b e c a u s e   t he   t e m p e r a t u r e s   r e q u i r e d   to   c u r e   t h e   r e l e a s e  

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

i m a g e a b l e   m a t e r i a l .  

EXAMPLE  I I I  

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

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

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



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

s h e e t   of  i n f r a r e d   i m a g e a b l e   f i l m   by  means   of  k n i f e   c o a t i n g .  

The  wet  c o a t i n g   t h i c k n e s s   was  2  m i l s   ( 5 0 . 8   m).  T h e  

c o a t i n g   was  d r i e d   a t   a  t e m p e r a t u r e   of  1 5 0 ° F   ( 6 6 ° C )   f o r  

1 - 1 / 2   m i n u t e s .  

The  e f f e c t i v e n e s s   of  t h e   e p o x y p o l y s i l o x a n e  

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

w i t h  t h e   same  e q u i p m e n t   as  u s e d   in  E x a m p l e   I.   The  r e s u l t s  

a r e   s e t   f o r t h   in  T a b l e   I V :  





From  T a b l e   IV,  i t   is  a p p a r e n t   t h a t   u n t r e a t e d  

i n f r a r e d   i m a g e a b l e   f i l m   r e m o v e d   more  t o n e r   f rom  an  o r i g i n a l  

t h a n   d i d   an  i n f r a r e d   i m a g e a b l e   f i l m   t r e a t e d   w i t h   a n  

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

d e v i a t i o n   v a l u e s   of  a v e r a g e   image   d e n s i t y   r e a d i n g s   w e r e  

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

EXAMPLE  IV  

In  t h i s   e x a m p l e ,   t he   t r a n s p a r e n t   t h e r m a l l y  
i m a g e a b l e   f i l m   was  4  m i l   ( 0 . 1 0 2   mm)  t h i c k   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   s h e e t   b e a r i n g   on  one  m a j o r   s u r f a c e   t h e r e o f   a n  

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

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

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

A  f i r s t   s o l u t i o n   c o n t a i n i n g   (a)  5  p a r t s   s i l v e r  

b e h e n a t e ,   (b)  40  p a r t s   a c e t o n e ,   and  (c)   5  p a r t s   m e t h y l  

e t h y l   k e t o n e   was  b a l l   m i l l e d   f o r   24  h o u r s .   A  s e c o n d  

s o l u t i o n   c o n t a i n i n g   (a)  1 3 . 0 0   p a r t s   p o l y v i n y l   a c e t a t e  

r e s i n ,   (b)  8 3 . 2 0   p a r t s   a c e t o n e ,   (c)   0 . 2 0   p a r t s  

b e n z o t r i a z o l e ,   (d)  0 . 6 0   p a r t s   t e t r a c h l o r o p h t h a l i c  

a n h y d r i d e ,   and  (e)  3 . 0 0   p a r t s   m e t h y l   g a l l a t e   was  s t i r r e d  

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

s o l u t i o n   was  c o m b i n e d   w i t h   t en   p a r t s   of  t he   s e c o n d  

s o l u t i o n ,   and  t he   c o m b i n a t i o n   was  s t i r r e d   f o r   5  m i n u t e s  

w i t h   an  a i r   m i x e r .   The  i m a g e a b l e   c o m p o s i t i o n   was  c o a t e d  

o v e r   the   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   s h e e t   w i t h   a  f l a t   b e d  

k n i f e   c o a t e r   a t   3 .0   m i l   o r i f i c e   and  was  d r i e d   in  an  oven   a t  

82°C  f o r   2  m i n u t e s .   A  t h i r d   s o l u t i o n   c o n t a i n i n g   5  p a r t s  
c e l l u l o s e   a c e t a t e   b u t y r a t e   r e s i n   and  95  p a r t s   a c e t o n e   w a s  

s t i r r e d   u n t i l   t h e   r e s i n   had  d i s s o l v e d .   T h i s   s o l u t i o n   w a s  

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

c o a t e r   a t   2 .0   m i l   o r i f i c e   and  was  d r i e d   in  an  oven  a t   8 2 ° C  

f o r   2  m i n u t e s .   A  f o u r t h   s o l u t i o n   c o n t a i n i n g   7 .5   p a r t s  

p o l y v i n y l   b u t y r a l  a n d   9 2 . 5   p a r t s   e t h a n o l   was  c o a t e d   o v e r  

t h 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   r e s i n   l a y e r   w i t h   a  k n i f e  

c o a t e r   a t   2 .0   mi l   o r i f i c e   and  was  d r i e d   in  an  oven  a t   8 2 ° C  

f o r   2  m i n u t e s .  



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

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

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

H e p t a n e   and  m e t h y l   e t h y l   k e t o n e   were   b l e n d e d ,   and  t h e n ,   i n  

o r d e r ,   were   a d d e d   t he   r e s i n ,   t he   f a s t - c u r e   a d d i t i v e ,   t h e  

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

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

m e a n s   of  a  k n i f e   c o a t e r   a t   a  2  m i l   o r i f i c e .   The  c o a t i n g  

was  d r i e d   in  an  oven   a t   82°C  f o r   2  m i n u t e s .  

The  e f f e c t i v e n e s s   of  t he   r e l e a s e   c o a t i n g   w a s  

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

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

m a k i n g   a  t r a n s p a r e n c y ,   a f t e r   m a k i n g   a  t r a n s p a r e n c y   w i t h  

t h e r m a l l y   i m a g e a b l e   f i l m   no t   t r e a t e d   w i t h   a  s i l i c o n e  

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

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

c o a t i n g .   (A  f r e s h   o r i g i n a l   was  u sed   to  p r e p a r e   e a c h  

t r a n s p a r e n c y . )   O r i g i n a l s   were   made  on  a  Kodak  Model   1 5 0  

c o p i e r .   T r a n s p a r e n c i e s   were   made  on  a  p r e w a r m e d   3M  M o d e l  

45  T r a n s p a r e n c y   M a k e r .   The  o p t i c a l   d e n s i t i e s   were   m e a s u r e d  

w i t h   a  M a c H e t h   Model   TR924  d e n s i t o m e t e r .   The  r e s u l t s   i n  

the   f o l l o w i n g   t a b l e   r e p r e s e n t   the   a v e r a g e   of  f o u r   s a m p l e s .  



Loss   of  o p t i c a l   d e n s i t y   and  i n c r e a s e   in  s t a n d a r d   d e v i a t i o n  

is   o b s e r v e d   when  c o m p a r i n g   the   i m a g e s   on  o r i g i n a l s   b e f o r e  

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

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

p a p e r   o r i g i n a l ;   B e c a u s e   t e a r i n g  a w a y   o f  t o n e r   p a r t i c l e s   i s  

n o t   u n i f o r m ,   t he   s t a n d a r d   d e v i a t i o n   i n c r e a s e s .   When 

t r e a t e d   f i l m   is  u s e d ,   no  l o s s   of  o p t i c a l   d e n s i t y   i s  

o b s e r v e d .   F u r t h e r m o r e ,   t h e   s t a n d a r d   d e v i a t i o n   in  o n l y  

s l i g h t l y   h i g h e r   t h a n   t h a t   of  the   o r i g i n a l   i m a g e ,   t h u s  

i n d i c a t i n g   t he   u n i f o r m i t y   of  image   is  a b o u t   the   s a m e .  



1.  A  f i l m   w h i c h   can  be  imaged   by  t h e r m a l   e n e r g y  

c o m p r i s i n g :  

(a)  a  s u b s t r a t e ,  

(b)  a  l a y e r   of  t h e r m a l l y   i m a g e a b l e   m a t e r i a l  

c o a t e d   on  at   l e a s t   one  m a j o r   s u r f a c e   of  s a i d  

s u b s t r a t e ,  

(c)  an  o r g a n o p o l y s i l o x a n e   r e l e a s e   c o a t i n g   c o a t e d  

o v e r   s a i d   l a y e r   of  i m a g e a b l e   m a t e r i a l .  

2.  The  f i l m   of  c l a i m   1  w h e r e i n  s a i d   f i l m   i s  

t r a n s m i s s i v e   to  v i s i b l e   l i g h t .  

3.  The  f i l m   of  c l a i m   1  w h e r e i n   t he   s u b s t r a t e   i s  

a  p o l y m e r i c   f i l m .  

4.  The  f i l m   of  c l a i m   3  w h e r e i n   s a i d   p o l y m e r i c  

f i l m   s u b s t r a t e   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 .  

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

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

l e u c o   d y e .  

6.  The  f i l m   of  c l a i m   1  w h e r e i n   s a i d   o r g a n o p o l y -  

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

7.  The  f i l m   of  c l a i m   6  w h e r e i n   s a i d   s i l i c o n e  

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

f rom  .1  to  3%  by  w e i g h t   of  m e t h y l h y d r o g e n p o l y s i l o x a n e   a n d  

f rom  97  to  99.9%  by  w e i g h t   of  a  s i l o x a n e   of  t he   f o r m u l a  



in  w h i c h   x  has  a  v a l u e   f rom  1 .9   to  2  i n c l u s i v e   and  in  w h i c h  

s i l o x a n e   s u b s t a n t i a l l y   a l l   of  the   m o l e c u l e s   have   a t t a c h e d  

t h e r e t o   a t   l e a s t   a  t o t a l   of  two  s i l i c o n - b o n d e d   h y d r o x y l  

g r o u p s   a n d / o r   a l k o x y   g r o u p s   of  l e s s   t h a n   5  c a r b o n   a t o m s .  

8,  The  f i l m   of  c l a i m   6  w h e r e i n   s a i d   c u r a b l e  

c o m p o s i t i o n   is  c u r a b l e   at  a  t e m p e r a t u r e   u n d e r   70°C  w i t h   a  

c u r i n g   e x p o s u r e   t i m e   of  u n d e r   3  m i n u t e s .  

9.  The  f i l m   of  c l a i m   6  w h e r e i n   s a i d   c a t a l y s t   i s  

a  d i a l k y l t i n   s a l t .  

10.  The  f i l m   of  c l a i m   9  w h e r e i n   s a i d   c a t a l y s t   i s  

r e p r e s e n t e d   by  t he   f o r m u l a  

w h e r e i n   R  is   -CH(C2H5)(CH2)3,-CH3, or -(CH2)10CH3.  -CH3,   or  - ( C H 2 ) 1 0 C H 3 ·  

11.  The  f i l m   of  c l a i m   6  w h e r e i n   s a i d  

c r o s s - l i n k i n g   a g e n t   is   a  t e t r a a l k o x y s i l a n e   ( s i l i c a t e ) .  

12.  The  f i l m   of  c l a i m   11  w h e r e i n   s a i d  

c r o s s - l i n k i n g   a g e n t   is  r e p r e s e n t e d   by  the   f o r m u l a  

13.  The  f i l m   of  c l a i m   6  f u r t h e r   i n c l u d i n g   a n  

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



14.  The  f i l m   of  c l a i m   1  w h e r e i n   s a i d  

o r g a n o p o l y s i l o x a n e   is  f o r m e d   f rom  a  c u r a b l e   c o m p o s i t i o n  

c o m p r i s i n g   (1)  a  c u r a b l e   e p o x y p o l y s i l o x a n e   w h i c h   i s  

r e p r e s e n t e d   by  t h e   f o r m u l a ,  

w h e r e i n  

R2  i s   a  l o w e r   a l k y l   g r o u p   of  one  to  t h r e e   c a r b o n   a t o m s ,  
R3  is  a  m o n o v a l e n t   h y d r o c a r b o n   r a d i c a l   of  4  to   20  c a r b o n  

a t o m s ,  

E  is  a  m o n o v a l e n t   e p o x y - c o n t a i n i n g   h y d r o c a r b o n   r a d i c a l ,  

M  is  a  s i l y l   g r o u p   R 3 S i ,   R 2 R l S i - ,   or  R 2 E S i - ,   w h e r e   R ,  

R l ,   and  E  a r e   d e f i n e d   a b o v e .  

a  is  5  to   2 0 0 ,  

b  is   0  or   up  to  20%  of  a ,  
a+b  i s   5  to   2 0 0 ,  

c  may  be  0  when  M  is  R 2 E S i -   or   is   g r e a t e r   t h a n   0  b u t  

l e s s   t h a n   20%  of  t he   v a l u e   of  ( a+b )   when  M  is  R 3 S i - ,  

R 2 R l S i -   or   R 2 E S i - ,   a n d  

n  is   1  to   7 5 ;  

p r o v i d e d   t h a t   t he   m o n o v a l e n t   e p o x y - c o n t a i n i n g   h y d r o c a r b o n  

r a d i c a l ,   E,  c o n t a i n s   a t   l e a s t   one  p o l y m e r i z a b l e   e p o x y  

g r o u p ,  

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

a c e t y l e n i c   u n s a t u r a t i o n   and  in  a d d i t i o n   to  t he   o x i r a n e  

o x y g e n   can  c o n t a i n   e t h e r ,   - O - ,   or  c a r b o n y l   o x y g e n ,  

a n d  

(2)  0  to   a b o u t   98%  by  w e i g h t   of  t he   e p o x y p o l y s i l o x a n e  

d e s c r i b e d   in  (1)  of  an  e p o x y - t e r m i n a t e d   s i l a n e   w h e r e i n   s a i d  



e p o x y - t e r m i n a t e d   s i l a n e   is  r e p r e s e n t e d   by  the   f o r m u l a ,  

w h e r e i n   E  is   an  e p o x y - c o n t a i n i n g   m o n o v a l e n t   h y d r o c a r b o n  

r a d i c a l   d e f i n e d   a b o v e ,   p  is   1  to  3  and  R4  can  be  a n  

a l i p h a t i c   h y d r o c a r b o n   r a d i c a l   of  l e s s   t h a n   10  c a r b o n   a t o m s ,  
and  an  e f f e c t i v e   a m o u n t   of  an  e p o x y   c u r i n g   c a t a l y s t .  

15.  The  f i l m   of  c l a i m   14  w h e r e i n   s a i d   c u r a b l e  

c o m p o s i t i o n   is  c u r a b l e   at  a  t e m p e r a t u r e   u n d e r   70°C  w i t h   a  

c u r i n g   e x p o s u r e   t i m e   of  u n d e r   3  m i n u t e s .  

16.  The  f i l m   of  c l a i m   14  w h e r e i n   s a i d   c a t a l y s t   i s  

a  c o m p l e x   of  a n t i m o n y   p e n t a c h l o r i d e   and  d i m e t h y l   m e t h y l  

p h o s p h o n a t e .  

17.  Me thod   of  p r e p a r i n g   a  t r a n s p a r e n c y   by  m e a n s  

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

(a)  c o n t a c t i n g   an  i m a g e - b e a r i n g   o r i g i n a l   w i t h  

the   t r a n s p a r e n t   f i l m   of  c l a i m   2 ,  

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

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

t h e r m a l   e n e r g y   and  t r a n s f e r s   s a i d   t h e r m a l  

e n e r g y   to  t he   t r a n s p a r e n t   f i l m   to  form  a  

c o p y   of  t he   image   of  t h e   o r i g i n a l   on  t h e  

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

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

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