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@  Process  for  preparing  silver  halide  photographic  light-sensitive  material  for  photo-mechanical  process. 

A  process  for  preparing  a  silver  halide  photographic  light- 
sensitive  material  for  photo-mechanical  process  is  disclosed.  The 
process  involves  coating  a  light-sensitive  silver  halide  emulsion 
layer  on  a  support  and  then  coating  a  light-insensitive  upper  layer 
on  the  emulsion  layer.  The  upper  layer  is  comprised  of  a 
hydrophilic  colloid  and  is  coated  on  an  upper  portion  of  the 
emulsion  layer.  A  composite  solution  is  then  coated  on  the  light- 
insensitive  upper  layer.  The  composite  solution  is  comprised  of  a 
solution  which  includes  a  non-diffusion  polymeric  hardener  in  a 
gelatin  solution  in  an  amount  sufficient  to  make  the  melting  time  of 
the  layer  made  by the  gelatin  solution  larger than  the  melting  time 
of  the  emulsion  layer.  The  composite  solution  is  coated  in  an 
amount  such  that  the  gelatin  coating  amount  is  in  the  range  of 
0.05  g/m2  to  0.5  g/m2.  The  resulting  material  has  an  improved 
aptitude  for  reduction  treatment  which  is  obtained  without 
increasing  the  amount  of  silver  coated  on  the  support.  The 
coating  layers  formed  are  excellent  with  respect  to  transparency. 



FIELD  OF  THE  INVENTION 

This  i n v e n t i o n   r e l a t e s   to  a  p r o c e s s   for  p r e p a r i n g   a  

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

p h o t o - m e c h a n i c a l   p r o c e s s   (which  is  h e r e a f t e r   r e f e r r e d   to  a s  

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

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

s e n s i t i v e   m a t e r i a l   for   p h o t o - m e c h a n i c a l   p r o c e s s   which  u t i -  

l i z e s   the  s e l e c t i v e   h a r d e n i n g   t e c h n i q u e   of  the  c o a t i n g  

l a y e r s   in  o r d e r   to  improve  a p t i t u d e   for   r e d u c t i o n   t r e a t m e n t .  

BACKGROUND  OF  THE  INVENTION 

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

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

ca l   p r o c e s s   s t e p   in  the  f i e l d   of  g r a p h i c   a r t ,   such  as  f o r  

c o n v e r t i n g   a  c o n t i n u o u s   d e n s i t y   image  i n t o   a  dot   image  o r  

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

When  such  l i g h t - s e n s i t i v e   m a t e r i a l s   for   p h o t o -  

m e c h a n i c a l   p r o c e s s   are   used  for   making  p r i n t i n g   p l a t e s ,   a  

t r e a t m e n t   c a l l e d   r e d u c t i o n   t r e a t m e n t   is  f r e q u e n t l y   c o n d u c t -  

ed.  This   t r e a t m e n t   is  p e r f o r m e d   in  o r d e r   to  o b t a i n   d e l i c a t e  

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

images  a d a p t i n g   to  p r i n t i n g   c h a r a c t e r i s t i c s ,   by  which  f i n e  

c o r r e c t i o n   of  images  is  c a r r i e d   out   p a r t i a l l y   or  c o m p l e t e l y .  



The  c o r r e c t i o n s   may  i n c l u d e   r e d u c t i o n   of  the  a r ea   of  do t s   o r  

w i d e n i n g   or  n a r r o w i n g   of  the  wid th   of  a  l i n e   d r a w i n g .  

T h e r e f o r e ,   a p t i t u d e   for   r e d u c t i o n   t r e a t m e n t   is  a  

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

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

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

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

images  or  l i n e   d r awing   images  formed  by  e x p o s u r e   and  d e v e l -  

opment   p r o c e s s i n g ,   i t   has  been  known  to  use  a  method  w h i c h  

c o m p r i s e s   c o n t a c t i n g   m e t a l   s i l v e r   f o rming   the  dot   images  o r  

l i n e   d r awing   images  wi th   a  r e d u c e r .   V a r i o u s   k inds   of  r e -  

d u c e r s   are   known.  For  example ,   r e d u c e r s   u s ing   a  r e d u c i n g  

componen t   such  as  a  p e r m a n g a n a t e ,   a  f e r r i c   s a l t ,   a  c e r i u m  

(IV)  s a l t ,   a  f e r r i c y a n i d e ,   a  b i c h r o m a t e   or  a  p e r s u l f a t e ,  

e t c . ,   are   d e s c r i b e d   in  Mees,  The  Theory  of  the  P h o t o g r a p h i c  

P r o c e s s ,   pages   738-739  (1954,   p u b l i s h e d   by  Macmi l l an   C o . ) .  

S ince   r e d u c t i o n   t r e a t m e n t   means  a  t r e a t m e n t   com-  

p r i s i n g   o x i d i z i n g   s i l v e r   images  by  a  r e d u c e r   to  d i s s o l v e  

them,  when  do t   images  are   s u b j e c t e d   to  r e d u c t i o n   t r e a t m e n t ,  

the  d e c r e a s e   in  a r e a   of  do t s   is  a c h i e v e d   a ccompany ing   wi th   a  

d e c r e a s e   in  b l a c k   d e n s i t y   of  d o t s .   T h e r e f o r e ,   the  e x t e n t   t o  

which   dot   images  can  be  c o r r e c t e d   by  the  r e d u c t i o n   t r e a t m e n t  

is  r e s t r i c t e d   by  a  d e g r e e   of  the   d e c r e a s e   in  b l ack   d e n s i t y  

of  each  dot   which  o c c u r s   t o g e t h e r   wi th   the  d e c r e a s e   in  a r e a  

of  d o t s .   In  o t h e r   words ,   a  measure   of  the  e x t e n t   to  w h i c h  



dot  image  can  be  c o r r e c t e d   can  be  r e p r e s e n t e d   by  a  r e d u c t i o n  

of  the  a r ea   of  do t s   wh i l e   m a i n t a i n i n g   the  b lack   d e n s i t y   o f  

each  dot  at  a  s p e c i f i e d   v a l u e   or  m o r e .  -  

In  the  p r e s e n t   s p e c i f i c a t i o n ,   the  term  " r e d u c t i o n  

wid th"   means  a  d e c r e a s e   in  the  a r e a   of  do t s   from  the  a r e a   o f  

d o t s   b e f o r e   the  r e d u c t i o n   t r e a t m e n t   when  the  b lack   d e n s i t y  

of  the  do t s   is  d e c r e a s e d   by  the  r e d u c t i o n   t r e a t m e n t   to  t h e  

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

s t e p .   The  term  " r e d u c t i o n   t ime"  means  the  time  n e c e s s a r y   t o  

a c c o m p l i s h   the  r e d u c t i o n   t r e a t m e n t   by  which  the  b l ack   d e n -  

s i t y   of  the  d o t s   is  d e c r e a s e d   to  the  l o w e s t   va lue   n e c e s s a r y  

for   the  p h o t o - m e c h a n i c a l   p r o c e s s   s t e p .   Thus,   t h e  w i d e r   t h e  

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

t r e a t m e n t   i s .   The  r e d u c t i o n   time  is  n e c e s s a r y   to  be  a  

p r o p e r   l e n g t h   b e c a u s e   when  i t   is  so  much  s h o r t e r   or  l o n g e r ,  

the  r e d u c t i o n   o p e r a t i o n   is  hard  to  c a r r y   ou t ,   and  i t   i s  

p r e f e r r e d   to  be  s e v e r a l   ten   s econds   to  s e v e r a l   m i n u t e s .  

A  method  for  i m p r o v i n g   a p t i t u d e   for   r e d u c t i o n   t r e a t m e n t  

is  d e s c r i b e d ,   for  example ,   in  J a p a n e s e   P a t e n t   A p p l i c a t i o n  

(OPI)  No.  6 8 4 1 9 / 7 7 .   A  m e r c a p t o   compound  is  used  for   t h e  

r e d u c t i o n   t r e a t m e n t .   However,   the  r e d u c e r   is  s p e c i f i c   a n d  

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

from  t h a t   of  c o n v e n t i o n a l l y   used  r e d u c e r s .   F u r t h e r ,   i t   i s  

p o s s i b l e   to  improve  the  a p t i t u d e   for  r e d u c t i o n   t r e a t m e n t  

wh i l e   i n c r e a s i n g   the  c o v e r i n g   power  by  s o f t e n i n g   the  e m u l -  



s i o n   f i l m ,   but   the  r e q u i r e d   f i l m   s t r e n g t h   c a n n o t   be  o b t a i n e d  

by  t h i s   m e t h o d .  

The  most  e f f e c t i v e   method  for   improv ing   the  a p t i t u d e  

for   r e d u c t i o n   t r e a t m e n t   due  to  w i d e n i n g   the  r e d u c t i o n   w i d t h  

is  i n c r e a s i n g   the  s i l v e r   c o n t e n t   for  fo rming   the  i m a g e s .  

This   method  is  e f f e c t i v e   b e c a u s e   the  a b i l i t y   to  c o r r e c t  

images  by  the  r e d u c t i o n   t r e a t m e n t   is  g e n e r a l l y   i n c r e a s e d  

when  t h e r e   is  a  g r e a t e r   amount  of  s i l v e r   in  the  s i l v e r  

images   per  u n i t   a r e a ,   where ,   as  d e s c r i b e d   above ,   the  r e d u c -  

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

r e d u c e r   to  d i s s o l v e   them.  T h e r e f o r e ,   the  r e d u c t i o n   w i d t h  

can  be  i n c r e a s e d   when  a  c o a t i n g   amount  of  s i l v e r   h a l i d e   p e r  

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

p r o c e s s   to  be  used  is  i n c r e a s e d .   However,   s i n c e   s i l v e r   i s  

ve ry   e x p e n s i v e   and  r a r e ,   as  we l l   known,  i n c r e a s i n g   the  c o a t -  

ing  amount  of  s i l v e r   is  not   p r e f e r r e d   in  view  of  the  c o s t   o f  

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

and  economy  of  r e s o u r c e s .  

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

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

m e c h a n i c a l   p r o c e s s   hav ing   the  r e q u i r e d   p r o p e r t i e s   w h i l e  

u s i n g   s i l v e r   in  an  amount  as  low  as  p o s s i b l e .  

As  a  r e s u l t   of  v a r i o u s   i n v e s t i g a t i o n   of  methods  f o r  

i m p r o v i n g   such  s u b j e c t s ,   the  p r e s e n t   i n v e n t o r s   has  found  a  

t e c h n i q u e   for   r e m a r k a b l y   i m p r o v i n g   of  the  a p t i t u d e   for  r e -  



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

i n s e n s i t i v e   upper   l a y e r   and  the  h a r d n e s s   of  the  s i l v e r  

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

p o l y m e r i c   h a r d e n e r   for  the  l i g h t - i n s e n s i t i v e   upper   l a y e r  

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

w i d e n i n g   the  r e d u c t i o n   w id th   by  e n l a r g i n g   the  h a r d n e s s   o f  

the  l i g h t - i n s e n s i t i v e   upper   l a y e r   [ J a p a n e s e   P a t e n t   A p p l i c a -  

t i o n   (OPI)  N o .   42039/83   ( c o r r e s p o n d i n g   to  B r i t i s h   P a t e n t  

2 , 1 0 8 , 6 9 5 A ) ] .   In  the  p r o c e s s   of  p r o g r e s s i n g   the  f u r t h e r  

s t u d i e s   abou t   t h i s   t e c h n i q u e ,   however ,   i t   was  found  t h a t  

when  a  p o l y m e r i c   h a r d e n e r   was  u sed ,   a  p rob lem  c a l l e d   i n -  

c r e a s i n g   of  v i s c o s i t y   of  c o a t i n g   s o l u t i o n   wi th   the  l a p s e   o f  

t ime  e a s i l y   o c c u r r e d .  

In  t h i s   f i e l d ,   when  the  h a r d e n e r   is  added  to  t h e  

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

wh i l e   the  p r o p e r t y   of  m a t t e r   of  the  c o a t i n g   s o l u t i o n   for   a  

p h o t o g r a p h i c   l a y e r   d e t e r i o r a t e s   by  fo rming   the  i r r e v e r s i b l e  

c a k i n g   of  g e l a t i n   or  the  c o a t i n g   s u r f a c e   q u a l i t y   are   o f t e n  

a g g r a v a t e d   due  to  a  lump  of  i n s o l u b l e   s u b s t a n c e   ma in ly   made 

of  g e l a t i n .   This   is  b e l i e v e d   to  be  a s c r i b a b l e   to  r e a c t i n g   a  

h a r d e n e r   wi th   g e l a t i n   in  a  s o l u t i o n - p r e p a r i n g   and  s o l u t i o n -  

s u p p l y i n g   sys tem  such  as  in  a  p r e p a r a t i o n   t a n k ,   in  a  s o l u -  

t i o n - s u p p l y i n g   p ipe   or  in  an  a p p a r a t u s   for  s u p p l y i n g   and  f o r  

c o a t i n g   a  c o a t i n g   s o l u t i o n   for   p h o t o g r a p h i c   l a y e r   on  a  

s u p p o r t   ( e . g . ,   a  hopper )   ( h e r e a f t e r   r e f e r r e d   to  as  " s o l u t i o n  



s u p p l y i n g   a p p a r a t u s " )   d u r i n g   t ime  from  p r e p a r a t i o n   of  t h e  

c o a t i n g   s o l u t i o n   for  p h o t o g r a p h i c   l a y e r   to  c o a t i n g   the  same 

( h e r e a f t e r   r e f e r r e d   to  as  " d i s s o l u t i o n   t ime" )   and  t h e n  

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

This   is  the  p r o b l e m   r e f e r r e d   to  an  i n c r e a s i n g   of  v i s c o s i t y  

of  c o a t i n g   s o l u t i o n   wi th   the  l a p s e   of  t i m e .  

In  the  ca se   of  a  d i f f u s i o n   low  m o l e c u l a r   h a r d e n e r ,  

for   e x a m p l e ,   i)  the   o c c u r r e n c e   of  the  i n c r e a s i n g   of  v i s c o s i -  

ty  of  c o a t i n g   s o l u t i o n   w i t h   the  l a p s e   of  t ime  can  be  p r e -  

v i o u s l y   p r e v e n t e d   by  add ing   the  h a r d e n e r   c o n t i n u o u s l y   j u s t  

b e f o r e   the  f o r m a t i o n   s t e p ,   as  d e s c r i b e d   in  German  P a t e n t  

A p p l i c a t i o n   (OLS)  No.  2 , 6 4 8 , 2 8 6 ,   and  the  i n c r e a s i n g   of  v i s -  

c o s i t y   of  c o a t i n g   s o l u t i o n   wi th   the  l a p s e   of  t ime  can  a l s o  

be  p r e v e n t e d   i i )   by  c h a n g i n g   the  pH  of  the  c o a t i n g   s o l u t i o n  

or  i i i )   by  d i v i d i n g   the  h a r d e n e r   to  c o a t i n g   s o l u t i o n s   of  t h e  

l a y e r s   o t h e r   t han   the  p r o p o s e d   l a y e r .   In  case   of  the  n o n -  

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

f i r s t   method  is  d i f f i c u l t   to  a c h i e v e   a  u n i f o r m   h a r d e n i n g ,  

the  a b o v e - m e n t i o n e d   second   method  is  a l s o   i n e f f e c t i v e  

b e c a u s e   the  change  of  the  h a r d e n i n g   r a t e   due  to  pH  is  s m a l l ,  

and  the  t h i r d   method  d e s c r i b e d   above  c a n n o t   be  a d o p t e d  

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

In  the  l i g h t - i n s e n s i t i v e   upper   l a y e r   of  the  l i g h t -  

s e n s i t i v e   m a t e r i a l   for   p h o t o - m e c h a n i c a l   p r o c e s s ,   f i n e   p a r -  

t i c l e s   which  are   r e f e r r e d   to  a  m a t t i n g   a g e n t   are  o f t e n   a d d e d  



in  o r d e r   to  improve  s l i p p i n g   or  a d h e s i o n   r e s i s t a n c e ,   but   a  

p r o b l e m   t h a t   the  o p a c i t y   ( r e f e r r e d   to  a  haze)   of  the  c o a t i n g  

l a y e r   becomes  l a r g e   by  adding   the  m a t t i n g   a g e n t   p roved   to  b e  

c a u s e d .  

SUMMARY  OF  THE  INVENTION 

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

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

r i a l   a p t i t u d e   for   r e d u c t i o n   t r e a t m e n t   of  which  is  i m p r o v e d  

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

w i t h o u t   c a u s i n g   the  i n c r e a s i n g   of  v i s c o s i t y   of  c o a t i n g  

s o l u l t i o n   wi th   the  l a p s e   of  t i m e .  

The  second  p u r p o s e   of  t h i s   i n v e n t i o n   is  t o  p r o v i d e   a  

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

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

t r a n s p a r e n c y .  

The  p u r p o s e s   of  t h i s   i n v e n t i o n   can  be  a c h i e v e d   by  

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

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

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

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

c o a t i n g   a  c o m p o s i t e   s o l u t i o n   in  which  a  n o n d i f f u s i o n   p o l y -  

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

amount  enough  to  make  the  m e l t i n g   t ime  of  the  l a y e r   made  by  

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

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



upper   l a y e r   so  t h a t   the  g e l a t i n   c o a t i n g   amount  is  in  t h e  

range   of  from  0.05  g/m2  to  0.5  g / m 2 .  

DETAILED  DESCRIPTION-OF  THE  INVENTION 

An  i m p o r t a n t   a s p e c t   of  the  p r e s e n t   i n v e n t i o n   i n -  

v o l v e s   making  a  g e l a t i n   t h i n   l a y e r   by  c o a t i n g   a  g e l a t i n  

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

l i g h t - i n s e n s i t i v e   upper   l a y e r   so  t h a t   the  g e l a t i n   c o a t i n g  

amount  is  in  the  range   of  from  0.05  g/m2  to  0.5  g/m2.  The  

p r e s e n c e   of  t h i s   l a y e r   can  p r e v e n t   the  v i s c o s i t y   from  i n -  

c r e a s i n g   w i th   the  l a p s e   of  t ime  which  t a k e s   p l a c e   c o n v e n -  

t i o n a l l y   when  a  p o l y m e r i c   h a r d e n e r   is  added  to  a  c o a t i n g  

s o l u t i o n   for   the   l i g h t - i n s e n s i t i v e   upper   l a y e r   c o n t a i n i n g   a  

l a r g e   amount  of  g e l a t i n .   Also ,   s i n c e   such  a  g e l a t i n   t h i n  

l a y e r   is  not   c o a t e d   d i r e c t l y   on  an  e m u l s i o n   l a y e r   but   c o a t e d  

t h r o u g h   a  l i g h t - i n s e n s i t i v e   upper   l a y e r ,   the  a p t i t u d e   f o r  

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

m a i n t a i n e d .   Moreove r ,   when  a  m a t t i n g   a g e n t   is  c o n t a i n e d   i n  

the  l i g h t - i n s e n s i t i v e   upper   l a y e r ,   an  a d v a n t a g e   in  which  t h e  

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

the  a b o v e - m e n t i o n e d   g e l a t i n   t h i n   l a y e r   on  the  upper  p a r t   o f  

l i g h t - i n s e n s i t i v e   upper   l a y e r   can  be  o b t a i n e d .  

The  g e l a t i n   of  the  g e l a t i n   t h i n   l a y e r   of  t h i s   i n v e n -  

t i o n   is  not   p a r t i c u l a r l y   r e s t r i c t e d ,   bu t ,   p r e f e r a b l y ,   a  s o -  

c a l l e d   i n e r t   g e l a t i n   which  shows  l i t t l e   a c t i v i t y   wi th   r e -  

s p e c t   to  p h o t o g r a p h i c   p r o p e r t y   is  used .   The  g e l a t i n   c o a t i n g  



amount  is  s e t   in  0.05  to  0.5  g/m2,  p a r t i c u l a r l y   0.05  to  0 . 2  

g/m2.  The  g e l a t i n   c o n c e n t r a t i o n   of  t h i s   g e l a t i n   s o l u t i o n   i s  

d e s i r e d   to  be  t h i n ,   p a r t i c u l a r l y   i t   is  d e s i r e d   to  be  0.1  t o  

2  w e i g h t   %,  more  p a r t i c u l a r l y   0.5  to  1.5  w e i g h t   %.  As  a  

c o a t i n g   s o l v e n t ,   wa te r   or  o r g a n i c   s o l v e n t s   ( e s p e c i a l l y ,  

t h o s e   hav ing   a  c o m p a t i b i l i t y   wi th   wa te r )   can  be  used ,   b u t ,  

in  g e n e r a l ,   wa te r   is  most  p r e f e r a b l e .   To  t h i s   g e l a t i n  

s o l u t i o n ,   v a r i o u s   s u r f a c e   a c t i v e   a g e n t s   can  be  added  a s  

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

a c t i v e   a g e n t s   such  as  s a p o n i n ,   n o n i o n i c   s u r f a c e   a c t i v e  

a g e n t s   such  as  a l k y l e n e o x i d e   type ,   g l y c i d o l   type   and  t h e  

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

g roup   such  as  c a r b o x y l i c   a c i d ,   s u l f o n i c   ac id   ( e . g . ,   t h o s e  

d e s c r i b e d   in  U.S.  P a t e n t   3 , 4 1 5 , 6 4 9 ) ,   p h o s p h o r i c   a c i d ,   s u l -  

f a t e s ,   p h o s p h a t e s   and  the  l i k e ,   and  a m p h o t e r i c   s u r f a c e  

a c t i v e   a g e n t s   such  as  amino  a c i d s ,   a m i n o s u l f o n i c   a c i d s ,  

s u l f a t e s   or  p h o s p h a t e s   of  amine  a l c o h o l   and  the  l i k e   a r e  

p r e f e r a b l y   u s e d .  

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

i n v e n t i o n   is  a  p o l y m e r i c   compound  hav ing   a  r e a c t i v e   g r o u p  

which  can  r e a c t   w i th   g e l a t i n   and  p o s s e s s e s   the  n o n d i f f u s i -  

b i l i t y   b e c a u s e   of  be ing   a  l a r g e   m o l e c u l e s .   The  s p e c i f i c  

examples   i n c l u d e   the  p o l y m e r i c   h a r d e n e r s   which  are  w e l l  

known  by  p a t e n t s   such  as  J a p a n e s e   P a t e n t   A p p l i c a t i o n   (OPI )  

No.  6 6 8 4 1 / 8 1 ,   B r i t i s h   P a t e n t   1 , 3 2 2 , 9 7 1 ,   U.S.  P a t e n t   3 , 6 7 1 ,  



256  and  the  l i k e   and  books  such  as  D.M.  Burness   and  J .  

P o u r a d i e r ,   The  Theory   of  the  P h o t o g r a p h i c   P r o c e s s ,   4th  e d .  

(T.H.  James  e d . ) ,   M a c m i l l a n , -   New  York,  1977,  p.  84,  G .A.  

C a m p b e l l ,   L.R.  H a m i l t o n   and  I . S .   P o n t i c e l l o ,   P o l y m e r i c   Amine 

and  Ammonium  S a l t s   ( E . J .   G o e t h a l s   e d . ) ,   Pergamon  P r e s s ,   New 

York,  1979,  pp.  321-322  and  the  l i k e .  

Of  the  p o l y m e r i c   h a r d e n e r s ,   t hose   r e p r e s e n t e d   by  t h e  

g e n e r a l   f o r m u l a e   ( I ) ,   ( I I )   and  ( I I I )   d e s c r i b e d   below  a r e  

p r e f e r r e d .   P a r t i c u l a r l y ,   t h o s e   r e p r e s e n t e d   by  the  g e n e r a l  

f o r m u l a   (I)  a re   p r e f e r r e d .  

w h e r e i n   A  r e p r e s e n t s   an  e t h y l e n i c a l l y   u n s a t u r a t e d   monomer 

u n i t   c o p o l y m e r i z a b l e   w i th   a  monomer  u n i t   s e t   f o r t h   on  t h e  

r i g h t   s i d e ;   R1  r e p r e s e n t s   a  h y d r o g e n   atom  or  a  lower  a l k y l  

g roup   h a v i n g   from  1  to  6  c a r b o n   a toms;   Q  r e p r e s e n t s   - C 0 2 - ,  

( w h e r e i n   R1  has  the  same  meaning  as  d e f i n e d   above)  o r  

an  a r y l e n e   g roup   hav ing   from  6  to  10  c a r b o n   a toms;   L  r e p r e -  

s e n t s   a  d i v a l e n t   group  hav ing   from  3  to  15  ca rbon   atoms  a n d  



c o n t a i n i n g   at   l e a s t   one  l i n k i n g   group  s e l e c t e d   from  the  mem- 

be rs   c o n s i s t i n g   of  -CO2  a n d  ( w h e r e i n   R1  has  the  same  

meaning  as  d e f i n e d   above)  or  a  d i v a l e n t   group  hav ing   from  1 

to  12  ca rbon   atoms  and  c o n t a i n i n g   at   l e a s t   one  l i n k i n g   g r o u p  

s e l e c t e d   from  the  members  c o n s i s t i n g   of  - O - ,  - c o - ,  

-SO-,   -SO2- ,   - S O 3 - ,  ( w h e r e i n  R 1  

has  the  same  meaning  as  d e f i n e d   a b o v e ) ;   R2  r e p r e s e n t s   a  

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

from  the  members  c o n s i s t i n g   of  -CH=CH2  and  -CH2CH2X  ( w h e r e i n  

X  r e p r e s e n t s   a  group  c a p a b l e   of  be ing   s u b s t i t u t e d   wi th   a  

n u c l e o p h i l i c   g roup  or  a  group  c a p a b l e   of  be ing   r e l e a s e d   i n  

the  form  of  HX  upon  a  base ;   and  x  and  y  each  r e p r e s e n t s  

molar   p e r c e n t ,   x  be ing   from  0  to  99%  and  y  be ing   from  1  t o  

100%. 

Examples   of  e t h y l e n i c a l l y   u n s a t u r a t e d   monomers  r e -  

p r e s e n t e d   by  A  of  the  g e n e r a l   f o r m u l a   (I)  i n c l u d e   e t h y l e n e ,  

p r o p y l e n e ,   1 - b u t e n e ,   i s o b u t e n e ,   s t y r e n e ,   c h l o r o m e t h y l s t y -  

r e n e ,   h y d r o x y m e t h y l s t y r e n e ,   sodium  v i n y l b e n z e n e s u l f o n a t e ,  

sodium  v i n y l b e n z y l s u l f o n a t e ,   N , N , N - t r i m e t h y l - N - v i n y l b e n z y l -  

ammonium  c h l o r i d e ,   N , N - d i m e t h y l - N - b e n z y l - N - v i n y l b e n z y l a m m o -  

nium  c h l o r i d e ,   a - m e t h y l s t y r e n e ,   v i n y l t o l u e n e ,   4 - v i n y l p y -  

r i d i n e ,   2 - v i n y l p y r i d i n e ,   benzy l   v i n y l p y r i d i n i u m   c h l o r i d e ,   N- 



v i n y l a c e t a m i d e ,   N - v i n y l p y r r o l i d o n e ,   l - v i n y l - 2 - m e t h y l i m i d -  

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

a c i d   ( e . g . ,   v i n y l   a c e t a t e   and  a c r y l   a c e t a t e ,   e t c . ) ,   an  e t h -  

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

and  a  s a l t   t h e r e o f   ( e . g . ,   a c r y l i c   a c i d ,   m e t h a c r y l i c   a c i d ,  

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

a c r y l a t e   and  sodium  m e t h a c r y l a t e ,   e t c . ) ,   m a l e i c   a n h y d r i d e ,  

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

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

h y d r o x y e t h y l   a c r y l a t e ,   c y a n o e t h y l   a c r y l a t e ,   N , N - d i e t h y l a m i -  

n o e t h y l   a c r y l a t e ,   me thy l   m e t h a c r y l a t e ,   n - b u t y l   m e t h a c r y l a t e ,  

b e n z y l   m e t h a c r y l a t e ,   h y d r o x y e t h y l   m e t h a c r y l a t e ,   c h l o r o e t h y l  

m e t h a c r y l a t e ,   m e t h o x y e t h y l   m e t h a c r y l a t e ,   N , N - d i e t h y l a m i n o -  

e t h y l   m e t h a c r y l a t e ,   N , N , N - t r i e t h y l - N - m e t h a c r y l o y l o x y e t h y l -  

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

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

c o n a t e   and  monobenzy l   m a l e a t e ,   e t c . ) ,   an  amide  of  a n  

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

a c i d   ( e . g . ,   a c r y l a m i d e ,   N , N - d i m e t h y l a c r y l a m i d e ,   N - m e t h y l o l -  

a c r y l a m i d e ,   N - ( N , N - d i m e t h y l a m i n o p r o p y l ) a c r y l a m i d e ,   N , N , N -  

t r i m e t h y l - N - ( N - a c r y l o y l p r o p y l ) a m m o n i u m - p - t o l u e n e   s u l f o n a t e ,  

sodium  2 - a c r y l a m i d o - 2 - m e t h y l p r o p a n e   s u l f o n a t e ,   a c r y l o y l   m o r -  

p h o l i n e ,   m e t h a c r y l a m i d e ,   N , N - d i m e t h y l - N ' - a c r y l o y l   p r o p a n e  

d i a m i n e   p r o p i o n a t e   b e t a i n e ,   and  N , N - d i m e t h y l - N ' - m e t h a c r y l o y l  

p r o p a n e   d i a m i n e   a c e t a t e   b e t a i n e ,   e t c . ) .   P r e f e r r e d   e x a m p l e s  



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

the  g e n e r a l   f o r m u l a   (I)  i n c l u d e   wate r   s o l u b l e   monomers,   f o r  

example  sodium  v i n y l b e n z e n e s u l f o n a t e ,   sodium  v i n y l b e n z y l s u l -  

f o n a t e ,   N , N , N - t r i m e t h y l - N - v i n y l b e n z y l a m m o n i u m   c h l o r i d e ,   N , N -  

d i m e t h y l - N - b e n z y l - N - v i n y l b e n z y l a m m o n i u m   c h l o r i d e ,   s o d i u m  

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

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

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

m e t h y l - N - ( N - a c r y l o y l p r o p y l ) a m m o n i u m - p - t o l u e n e   s u l f o n a t e ,   s o -  

dium  2 - a c r y l a m i d o - 2 - m e t h y l p r o p a n e   s u l f o n a t e ,   N , N - d i m e t h y l -  

N ' - a c r y l o y l   p r o p a n e   d i a m i n e   p r o p i o n a t e   b e t a i n e ,   N , N - d i m e t h -  

y l - N ' - m e t h a c r y l o y l   p r o p a n e   d i amine   a c e t a t e   b e t a i n e ,   e t c .  

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

monomers  r e p r e s e n t e d   by  A  of  the  g e n e r a l   f o r m u l a   (I)  i n c l u d e  

wa te r   s o l u b l e   a n i o n i c   monomers  are   wa te r   s o l u b l e   a m p h o t e r i c  

monomers,   for  example   sodium  v i n y l b e n z e n e s u l f o n a t e ,   s o d i u m  

v i n y l b e n z y l s u l f o n a t e ,   sodium  a c r y l a t e ,   sodium  2 - a c r y l a m i d o -  

2 - m e t h y l p r o p a n e   s u l f o n a t e ,   N , N - d i m e t h y l - N ' - a c r y l o y l   p r o p a n e  

d i amine   p r o p i o n a t e   b e t a i n e ,   N , N - d i m e t h y l - N ' - m e t h a c r y l o y l  

p ropane   d i a m i n e   a c e t a t e   b e t a i n e ,   e t c .   and  a c r y l a m i d e .  

F u r t h e r ,   when  the  po lymer   a c c o r d i n g   to  the  p r e s e n t  

i n v e n t i o n   is  used  as  a  c r o s s - l i n k e d   l a t e x ,   "A"  i n c l u d e s   n o t  

only  the  e t h y l e n i c a l l y   u n s a t u r a t e d   monomers  d e s c r i b e d   a b o v e  

but  a l s o   monomers  hav ing   a t   l e a s t   two  c o p o l y m e r i z a b l e   e t h -  

y l e n i c a l l y   u n s a t u r a t e d   g roups   ( e . g . ,   d i v i n y l b e n z e n e ,   m e t h y -  



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

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

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

l a t e ,   e t c . ) .  

Examples   of  R1  of  the  g e n e r a l   f o rmu la   (I)  i n c l u d e   a  

me thy l   g r o u p ,   an  e t h y l   g roup ,   a  b u t y l   group  and  an  n - h e x y l  

g r o u p .  

Examples   of  Q  of  the  g e n e r a l   f o r m u l a   (I)  i n c l u d e   t h e  

f o l l o w i n g   g r o u p s :   -CO2-,   -CONH-, 

Examples   of  L  of  the  g e n e r a l   f o r m u l a   (I)  i n c l u d e  

the  f o l l o w i n g   g r o u p s :   -CH2CO2CH2-,  -CH2CO2CH2CH2-, 

-CH2CH2CO2CH2CH2-,  -(CH2)5-CO2CH2CH2-,  -(CH2)10CO2CH2CH2-, 

-CH2NHCOCH2-,  -CH2NHCOCH2CH2-,  -(CH2)-3NHCOCH2CH2-, 

-(CH2)5NHCOCH2CH2-,  -(CH2)10NHCOCH2-CH2-,  -CH2OCH2-, 

-CH2CH2OCH2CH2CH2-, -COCH2CH2-, 

- C H 2 C O C H 2 C H 2 - ,  -SOCH2CH2-,  -CH2SOCH2CH2-, 

-SO2CH2CH2-.  -SO2CH2CH2SO2CH2CH2-, 



-SO3CH2CH2CH2-.  -SO3CH2CO2CH2CH2-,  -SO3CH2CH2CO2CH2CH2-, 

-SO2NHCH-2CO2CH2CH2-,  -SO2NHCH2CH2CO2CH2CH2-,  -NHCONHCH2CH2-, 

-CH2NHCONHCH2CH2-,  -NHCO2CH2CH2-  and  -CH2NHCO2CH2CH2-. 

Examples   of  R2  of  the  g e n e r a l   f o rmu la   (I)  i n c l u d e  

the  f o l l o w i n g   g r o u p s :   -CH=CH2,  -CH2CH2Cl,  -CH2CH2Br,  

-CH2CH20H,  -CH2CH2O2CCH3,  -CH2CH2O2CCF3 and  -CH2CH2O2CCHCl2. 

Other   p r e f e r r e d   examples   of  the  p o l y m e r i c   h a r d e n e r s  

are   d e s c r i b e d   in  U.S.  P a t e n t   4 , 1 6 1 , 4 0 7 ,   which  have  a  r e p e a t -  

ing  u n i t   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   ( I I ) :  

w h e r e i n   A  r e p r e s e n t s   an  e t h y l e n i c a l l y   u n s a t u r a t e d   monomer 

u n i t   c o p o l y m e r i z a b l e   wi th   a  monomer  u n i t   s e t   f o r t h   on  t h e  

r i g h t   s ide   and  A  may  c o n t a i n   one  or  more  k i n d ( s )   o f  

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

r e p r e s e n t s   molar   p e r c e n t ,   x  be ing   from  10  to  95%  and  y  b e i n g  

from  5  to  90%;  R  r e p r e s e n t s   a  hyd rogen   atom  or  an  a l k y l  



group   h a v i n g   from  1  to  6  c a rbon   a toms;   R'  r e p r e s e n t s   -CH=CH 

or  -CH2CH2X  ( w h e r e i n   X  r e p r e s e n t s   a  group  c a p a b l e   of  b e i n g  

s u b s t i t u t e d   wi th   a  n u c l e o p h i l i c  g r o u p   or  a  group  c a p a b l e   o f  

be ing   r e l e a s e d   in  the  form  of  HX  upon  a  b a s e ) ;   and  L '  

r e p r e s e n t s   an  a l k y l e n e   group  (more  p r e f e r a b l y   a  l i n k i n g  

group   s e l e c t e d   from  an  a l k y l e n e   group  hav ing   from  1  to  6 

c a r b o n   a toms ,   such  as  a  m e t h y l e n e   g r o u p ,   an  e t h y l e n e   g r o u p ,  

an  i s o b u t y l e n e   g r o u p ,   e t c . ) ,   an  a r y l e n e   group  hav ing   from  6 

to  12  c a r b o n   atoms  ( fo r   e x a m p l e ,   a  l i n k i n g   group  s e l e c t e d  

from  a  p h e n y l e n e   g r o u p ,   a  t o l y l e n e   g r o u p ,   a  n a p h t h a l e n e  

g r o u p ,   e t c . ) ,   -COZ-  or  -COZR3-  ( w h e r e i n   R3  r e p r e s e n t s   a n  

a l k y l e n e   group  hav ing   from  1  to  6  c a r b o n   atoms  or  an  a r y l e n e  

g r o u p   h a v i n g   from  6  to  12  c a rbon   atoms  and  Z  r e p r e s e n t s   a n  

oxygen  atom  or  NH) .  

Examples   of  A  of  the  g e n e r a l   f o r m u l a   ( I I )   i n c l u d e  

the   same  example s   of  A  of  the  g e n e r a l   f o r m u l a   ( I ) ,   e x a m p l e s  

of  R  of  the  g e n e r a l   f o r m u l a   ( I I )   i n c l u d e   the  same  e x a m p l e s  

of  R1  of  the  g e n e r a l   f o rmu la   (I)  and  example s   of  R'  of  t h e  

g e n e r a l   f o r m u l a   ( I I )   i n c l u d e   the  same  examples   of  R2  of  t h e  

g e n e r a l   f o r m u l a   ( I ) ,   a l l   of  which  are   d e s c r i b e d   a b o v e .  

S t i l l   o t h e r   p r e f e r r e d   examples   of  the  p o l y m e r i c  

h a r d e n e r s   are   d e s c r i b e d   in  B r i t i s h   P a t e n t   1 , 5 3 4 , 4 5 5 ,   w h i c h  

have  a  r e p e a t i n g   u n i t   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   ( I I I ) :  



w h e r e i n   A  r e p r e s e n t s   an  e t h y l e n i c a l l y   u n s a t u r a t e d   monomer 

u n i t   c o p o l y m e r i z a b l e   w i th   a  monomer  u n i t   s e t   f o r t h   on  t h e  

r i g h t   s i d e ;   R  r e p r e s e n t s   a  h y d r o g e n   atom  or  an  a l k y l   g r o u p  

hav ing   from  1  to  6  c a r b o n   a toms;   L  r e p r e s e n t s   a  d i v a l e n t  

l i n k i n g   group  h a v i n g   from  1  to  20  ca rbon   atoms  (more  p r e f e r -  

ab ly   a  d i v a l e n t   g roup   hav ing   from  1  to  12  c a rbon   atoms  a n d  

c o n t a i n i n g   a t   l e a s t   one  l i n k i n g   group  s e l e c t e d   from  t h e  

members  c o n s i s t i n g   of  -CONH-  and  -CO-);   X  r e p r e s e n t s   a n  

a c t i v e   e s t e r   g roup ;   x  and  y  each  r e p r e s e n t s   molar   p e r c e n t ,   x 

be ing   from  0  to  95%  and  y  be ing   from  5  to  100;  and  m  r e p r e -  

s e n t s   0  or  1 .  

Examples   of  A  of  the  g e n e r a l   f o rmu la   ( I I I )   i n c l u d e  

the  same  e x a m p l e s   of  A  of  the  g e n e r a l   f o r m u l a   (I)  a n d  

example s   of  R  of  the  g e n e r a l   f o r m u l a   ( I I I )   i n c l u d e   the  same 

e x a m p l e s   of  R1  of  the  g e n e r a l   f o rmu la   ( I ) ,   both  of  which  a r e  

d e s c r i b e d   a b o v e .  

Examples   of  L  of  the  g e n e r a l   f o r m u l a   ( I I I )   i n -  

c l u d e   the  f o l l o w i n g   g r o u p s :   -CONHCH2-,  -CONHCH2CH2-, 

-CONHCH2CH2CH2-,  -CONHCH2CH2CH2CH2CH2-,  -COCH2CH2OCOCH2CH2-, 

-CONHCH2CONHCH2-,  -CONHCH2CONHCH2CONHCH2-,  -COCH2-,  



-CONHCH2NHCOCH2CH2SCH2CH2-  and  -CONHCH2OCOCH2CH2-. 

Examples   of  X  of  the  g e n e r a l   f o r m u l a   ( I I I )   i n c l u d e  

the  f o l l o w i n g   g r o u p s :   -  - 







S p e c i f i c   examples   of  the  compounds  which  can  be  u s e d  

in  the  p r e s e n t   i n v e n t i o n   are   s e t   f o r t h   below,   but   t h e  

p r e s e n t   i n v e n t i o n   is  not  to  be  c o n s t r u e d   as  be ing   l i m i t e d  

t h e r e t o .  











M  r e p r e s e n t s   a  h y d r o g e n   atom,  sodium  atom  or  p o t a s -  

sium  atom,  x  and  y  each  r e p r e s e n t s   the  mole  p e r c e n t a g e   o f  

the   s t a r t i n g   amount  in  each  u n i t ,   and  is  not   l i m i t e d   by  t h e  

above ,   and  x  can  t ake   a  v a l u e   of  0  to  99  and  y  a  v a l u e   of  1 

to  1 0 0 .  

P r e f e r r e d   example s   of  the  compounds  which  can  b e  

used  in  the  p r e s e n t   i n v e n t i o n   i n c l u d e   compounds  hav ing   a  

v i n y l   s u l f o n e   group  and  the  p r e c u r s o r   t h e r e o f   as  a  f u n c t i o n -  

al   g roup   c a p a b l e   of  r e a c t i n g   wi th   g e l a t i n ,   for   example ,   P - l ,  

P-2 ,   P-3 ,   P -4 ,   P-6 ,   P-7,   P-8  and  P-9.   P a r t i c u l a r l y   p r e f e r -  

red  example   of  the   compound  i n c l u d e s   P - 2 .  

The  m o l e c u l a r   w e i g h t   of  compounds  which  can  be  u s e d  

in  the  p r e s e n t   i n v e n t i o n   is  at  l e a s t   abou t   1 0 , 0 0 0 ,   and  i t   i s  

p r e f e r a b l y   10 ,000   to  s e v e r a l   hund red   t h o u s a n d s   wi th   r e s p e c t  

to  a  n o n - c r o s s - l i n k e d   c o m p o u n d s .  

The  a d d i t i o n   amount  is  an  amount  s u f f i c i e n t   to  make  

the   m e l t i n g   t ime  of  the  t h i n   l a y e r   made  by  the  low  m o l e -  

c u l a r   g e l a t i n   s o l u t i o n   l o n g e r   than   the  m e l t i n g   time  of  t h e  

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

compounds  which  can  be  used  in  the  p r e s e n t   i n v e n t i o n   is  p r e -  

f e r a b l y   5xlO-4  e q u i v a l e n t   to  0.1  e q u i v a l e n t ,   p a r t i c u l a r l y  

p r e f e r a b l y   2x10-3  e q u i v a l e n t   to  4x10-2  e q u i v a l e n t   per  100  g  

of  g e l a t i n   used  in  the  g e l a t i n   t h i n   l a y e r   c o a t e d   on  t h e  

l i g h t - i n s e n s i t i v e   upper   l a y e r   e x p r e s s e d   in  terms  of  t h e  

amount  of  f u n c t i o n a l   group  c a p a b l e   of  r e a c t i n g   wi th   g e l a t i n .  



However,  the  amount  of  compounds  v a r i e s   c o r r e s p o n d i n g   to  a  

m e l t i n g   time  of  the  g e l a t i n   t h i n   l a y e r .  

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

i n v e n t i o n   is  d e s c r i b e d   in  d e t a i l   in  the  s p e c i f i c a t i o n   of  t h e  

a f o r e s a i d   J a p a n e s e   P a t e n t   A p p l i c a t i o n   (OPI)  No.  4 2 0 3 9 / 8 3  

( c o r r e s p o n d i n g   to  B r i t i s h   P a t e n t   2 , 1 0 8 , 6 9 5 A )   and  can  b e  

r e f e r r e d .  

The  p o l y m e r i c   h a r d e n e r   is  added  to  a  g e l a t i n   s o l u -  

t i o n   d i r e c t l y   or  more  p r e f e r a b l y   by  d i s s o l v i n g   i t   in  w a t e r  

or  an  o r g a n i c   s o l v e n t .  

In  t h i s   i n v e n t i o n ,   t h a t   the  m e l t i n g   time  of  the  t h i n  

l a y e r   made  by  the  g e l a t i n   s o l u t i o n   hav ing   a  low  c o n c e n t r a -  

t i o n   is  l o n g e r   than   the  m e l t i n g   t ime  of  the  e m u l s i o n   l a y e r  

means  t h a t   the  l a y e r   made  by  the  g e l a t i n   s o l u t i o n   h a v i n g   a  

low  c o n c e n t r a t i o n   is  h a r d e n e d   more  s t r o n g l y   than  the  e m u l -  

s i o n   l a y e r .  

As  a  means  for   e v a l u a t i n g   the  d e g r e e   of  h a r d e n i n g   i n  

the  h a r d e n e d   l a y e r s ,   i t   is  we l l   known  in  t h i s   f i e l d   to  u s e  

d e g r e e   of  s w e l l i n g   when  s w e l l i n g   the  h a r d e n e d   l a y e r   w i th   a  

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

which  c a u s e s   a  s c r a t c h   when  the  h a r d e n e d   l a y e r   is  s c r a t c h e d  

wi th   a  w e i g h t e d   n e e d l e - l i k e   s t y l u s .   However,   in  o r d e r   t o  

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

the  time  r e q u i r e d   for  a  h a r d e n e d   f i lm   to  mel t   when  i t   i s  

d i p p e d   in  a  s o l u t i o n   kep t   at  a  c e r t a i n   s p e c i f i e d   t e m p e r a t u r e  



( m e l t i n g   t ime :   MT).  I t   is  most  p r e f e r r e d   t h a t   the  m e a s u r e -  

ment  of  m e l t i n g   t ime  is  c a r r i e d   out   in  a  0.2  N  NaOH  s o l u t i o n  

kep t   at   75°C  (bu t   the  m e a s u r e m e n t   -is  not  a lways   l i m i t e d  

t h e r e t o ) .  

In  t h i s   i n v e n t i o n ,   i t   is  p r e f e r r e d   t h a t   the  m e l t i n g  

time  of  the  t h i n   l a y e r   made  by  the  g e l a t i n   s o l u t i o n   i s  

l a r g e r   t han   t h a t   of  the  e m u l s i o n   l a y e r   by  50  seconds  o r  

more,   p a r t i c u l a r l y   100  seconds  or  more,  a c c o r d i n g   to  t h e  

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

The  g e l a t i n   s o l u t i o n   t hus   p r e p a r e d   ( p a r t i c u l a r l y ,   a  

d i l u t e   s o l u t i o n )   is  c o a t e d   on  the  l i g h t - i n s e n s i t i v e   u p p e r  

l a y e r   e s t a b l i s h e d   on  the  l i g h t - s e n s i t i v e   s i l v e r   h a l i d e  

e m u l s i o n   l a y e r   by  the  c o a t i n g   p r o c e s s e s   p u b l i c   known  in  t h e  

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

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

c e s s e s   and  the   l i k e .   As  the  o c c a s i o n   demands ,   a l l   of  t h e s e  

l a y e r s   can  be  c o a t e d   by  m u l t i l a y e r   s i m u l t a n e o u s   c o a t i n g ,   f o r  

e x a m p l e ,   by  the   methods   d e s c r i b e d   in  U.S.  P a t e n t   2 , 7 6 1 , 7 9 1  

and  B r i t i s h   P a t e n t   8 3 7 , 0 9 5 .  

The  c o a t i n g   f i l m   t h i c k n e s s   of  the  g e l a t i n   s o l u t i o n  

of  t h i s   i n v e n t i o n   is  p r e f e r a b l y   a  t h i n   l a y e r   hav ing   a  d r y  

f i l m   t h i c k n e s s   of  l e s s   than   0.3  p,  p a r t i c u l a r l y   0.2  p  o r  

l e s s .  

For  the  l i g h t - s e n s i t i v e   s i l v e r   h a l i d e   e m u l s i o n   l a y e r  

of  t h i s   i n v e n t i o n   and  the  c o a t i n g   s o l u t i o n   for   t h i s ,   t h o s e  



g e n e r a l l y   used  for  l i g h t - s e n s i t i v e   m a t e r i a l s   for  p h o t o -  

m e c h a n i c a l   p r o c e s s   can  be  u s e d .  

There   is  no  r e s t r i c t i o n - w i t h   r e s p e c t   to  the  type   o f  

s i l v e r   h a l i d e   used  in  the  l i g h t - s e n s i t i v e   s i l v e r   h a l i d e  

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

mide,   s i l v e r   c h l o r o i o d o b r o m i d e ,   s i l v e r   i o d o b r o m i d e ,   s i l v e r  

bromide  and  e t c .   can  be  used .   However,  i t   is  p a r t i c u l a r l y  

p r e f e r r e d   to  use  s i l v e r   c h l o r o b r o m i d e   or  s i l v e r   c h l o r o i o d o -  

b r o m i d e  c o n t a i n i n g   at   l e a s t   60%  by  mol  ( p r e f e r a b l y   75%  by  

mol  or  more)  of  s i l v e r  c h l o r i d e   and  0  to  5%  by  mol  of  s i l v e r  

i o d i d e .   Form,  c r y s t a l   h a b i t   and  d i s t r i b u t i o n   of  s i z e   of  t h e  

s i l v e r   h a l i d e   p a r t i c l e s   are   not  e s p e c i a l l y   l i m i t e d ,   but   i t  

is  p r e f e r r e d   to  have  a  p a r t i c l e   s i z e   of  0 . 7  p   or  l e s s .   The  

s e n s i t i v i t y   of  the  s i l v e r   h a l i d e   e m u l s i o n   can  be  i n c r e a s e d  

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

us ing   a  gold   compound  such  as  c h l o r o a u r a t e   or  go ld   t r i -  

c h l o r i d e ,   a  s a l t   of  nob le   me ta l   such  as  rhodium  or  i r i d i u m ,  

a  s u l f u r   compound  c a p a b l e   of  fo rming   s i l v e r   s u l f i d e   by  

r e a c t i n g   wi th   a  s i l v e r   s a l t ,   or  a  r e d u c i n g   s u b s t a n c e   such  a s  

a  s t a n n o u s   s a l t   or  an  amine.   F u r t h e r ,   i t   is  p o s s i b l e   to  a d d  

a  s a l t   of  nob le   me ta l   such  as  rhodium  or  i r i d i u m ,   or  an  i r o n  

compound  such  as  f e r r i c y a n i d e   a t   the  t ime  of  p h y s i c a l   r i p e n -  

ing  or  n u c l e u s   fo rming   of  s i l v e r   h a l i d e   p a r t i c l e s .  

The  p h o t o g r a p h i c   e m u l s i o n   used  in  the  p r e s e n t   i n v e n -  

t i o n   may  be  s u b j e c t e d   to  s p e c t r a l   s e n s i t i z a t i o n   u s i n g   a  



m e t h i n e   dye,   e t c .   These  s e n s i t i z i n g   dyes  may  be  u s e d  

i n d i v i d u a l l y   or  as  a  c o m b i n a t i o n   t h e r e o f .   A  c o m b i n a t i o n   o f  

s e n s i t i z i n g   dyes   is  o f t e n   employed  - p a r t i c u l a r l y   for  t h e  

p u r p o s e   of  s u p e r s e n s i t i z a t i o n .   The  s e n s i t i z i n g   dyes  may  b e  

p r e s e n t   in  the  e m u l s i o n   t o g e t h e r   wi th   dyes  which  t h e m s e l v e s  

have  no  s p e c t r a l l y   s e n s i t i z i n g   e f f e c t s   but   e x h i b i t   a  s u p e r -  

s e n s i t i z i n g   e f f e c t   or  m a t e r i a l s   which  do  not   s u b s t a n t i a l l y  

a b s o r b   v i s i b l e   l i g h t   but   e x h i b i t   a  s u p e r s e n s i t i z i n g   e f f e c t .  

Examples   of  the  u s e f u l   s e n s i t i z i n g   d y e s ,   the  c o m b i -  

n a t i o n s   of  dyes  e x h i b i t i n g   the  s u p e r s e n s i t i z i n g   e f f e c t   a n d  

the   m a t e r i a l s   e x h i b i t i n g   the  s u p e r s e n s i t i z i n g   e f f e c t   a r e  

d e s c r i b e d   in  R e s e a r c h   D i s c l o s u r e ,   Vol.  176,  No.  17643,   p a g e  

23,  IV-J   (December ,   1 9 7 8 ) .  

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

any  known  a n t i - f o g g i n g   a g e n t s   as  d e s c r i b e d ,   for   e x a m p l e ,   i n  

J a p a n e s e   P a t e n t   a p p l i c a t i o n   (OPI)  Nos.  8 1 0 2 4 / 7 4 ,   6306/75   a n d  

1 9 4 2 9 / 7 5 ,   U.S.  P a t e n t   3 , 8 5 0 , 6 3 9   such  as  numbers  of  h e t e r o c y -  

c l i c   compounds  i n c l u d i n g   4 - h y d r o x y - 6 - m e t h y l - l , 3 , 3 a , 7 - t e t r a -  

a z a i n d e n e ,   3 - m e t h y l b e n z o t h i a z o l e   or  1 - p h e n y l - 5 - m e r c a p t o -  

t e t r a z o l e ,   e t c . ,   me rcu ry   c o n t a i n i n g   compounds ,   m e r c a p t o   com-  

p o u n d s ,   e t c .  

A  s u r f a c e   a c t i v e   a g e n t   may  be  added  to  the  l i g h t -  

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

t i o n   as  a  c o a t i n g   a id   or  for   the  p u r p o s e   of  i m p r o v i n g   p h o t o -  

g r a p h i c   p r o p e r t i e s .  



Examples   of  u s e f u l   s u r f a c e   a c t i v e   a g e n t s   i n c l u d e   a  

n a t u r a l   s u r f a c e   a c t i v e   agen t   such  as  s a p o n i n ,   a  n o n i o n i c  

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

t ype ,   e t c . ;   an  a n i o n i c   s u r f a c e   a c t i v e   a g e n t   c o n t a i n i n g   a n  

ac id   g roup  such  as  a  c a r b o x y l i c   a c i d ,   a  s u l f o n i c   ac id   ( f o r  

example ,   s u r f a c e   a c t i v e   a g e n t s   as  d e s c r i b e d   in  U.S.  P a t e n t  

3 , 4 1 5 , 6 4 9 ) ,   a  p h o s p h o r i c   a c i d ,   a  s u l f u r i c   a c i d   e s t e r ,   a  

p h o s p h o r i c   ac id   e s t e r   g roup ,   e t c . ;   and  an  a m p h o l y t i c   s u r f a c e  

a c t i v e   a g e n t   such  as  an  amino  a c i d ,   an  a m i n o s u l f o n i c   a c i d ,  

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

e t c .  

P o l y a l k y l e n e   ox ide   compounds  which  can  be  used  i n  

the  p r e s e n t   i n v e n t i o n   i n c l u d e   a l k y l e n e   ox ide   hav ing   from  2 

to  4  c a rbon   a toms ,   for  example ,   e t h y l e n e   o x i d e ,   p r o p y l e n e -  

1 , 2 - o x i d e ,   b u t y l e n e - 1 , 2 - o x i d e ,   e t c . ;   p r e f e r a b l y   c o n d e n s a t i o n  

p r o d u c t s   of  p o l y a l k y l e n e   ox ide   composed  of  at   l e a s t   10  e t h -  

y l e n e   ox ide   u n i t s   and  a  compound  hav ing   at   l e a s t   one  a c t i v e  

hyd rogen   atom  such  as  w a t e r ,   an  a l i p h a t i c   a l c o h o l ,   a n  

a r o m a t i c   a l c o h o l ,   a  f a t t y   a c i d ,   an  o r g a n i c   amine  or  a  

h e x i t o l   d e r i v a t i v e ;   and  b lock   c o p o l y m e r s   of  two  or  m o r e  

p o l y a l k y l e n e   o x i d e s .   Namely,  examples   o f  t h e   p o l y a l k y l e n e  

oxide   compounds  used  i n c l u d e   p o l y a l k y l e n e   g l y c o l s ,   p o l y a l -  

ky lene   g l y c o l   a l k y l   e t h e r s ,   p o l y a l k y l e n e   g l y c o l   a r y l   e t h e r s ,  

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

e s t e r s ,   p o l y a l k y l e n e   g l y c o l   f a t t y   ac id   amides ,   p o l y a l k y l e n e  



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

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

S p e c i f i c   examples   of  -the  p o l y a l k y l e n e   ox ide   com-  

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

f o l l o w i n g   c o m p o u n d s .  

a+b+c=50  b : a + c = 1 0 : 9  

I t   is   p o s s i b l e   to  add  a  polymer   l a t e x   composed  of  a  

homo-  or  c o p o l y m e r   of  a l k y l   a c r y l a t e ,   a l k y l   m e t h a c r y l a t e ,  

a c r y l i c   a c i d   or  c r e s i d y l   a c r y l a t e ,   e t c . ,   as  d e s c r i b e d   i n  

U.S.  P a t e n t s   3 , 4 1 1 , 9 1 1 ,   3 , 4 1 1 , 9 1 2 ,   3 , 1 4 2 , 5 6 8 ,   3 , 3 2 5 , 2 8 6   a n d  

3 , 5 4 7 , 6 5 0   and  J a p a n e s e   P a t e n t   P u b l i c a t i o n   No.  5 3 3 1 / 7 0 ,   e t c . ,  



to  the  l i g h t - s e n s i t i v e   s i l v e r   h a l i d e   e m u l s i o n   l a y e r   in  o r d e r  

to  improve  d i m e n s i o n a l   s t a b i l i t y   of  the  p h o t o g r a p h i c   m a t e -  

r i a l   or  improve  f i l m   p r o p e r t i e s  t h e r e o f .  

As  a  h y d r o p h i l i c   c o l l o i d   b i n d e r   used  in  the  l i g h t -  

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

t i o n ,   i t   is  a d v a n t a g e o u s   to  use  g e l a t i n ,   but  o t h e r   h y d r o -  

p h i l i c   c o l l o i d s   can  be  u s e d .  

For  e x a m p l e ,   i t   is  p o s s i b l e   to  u s e  a   p r o t e i n   such  a s  

a  g e l a t i n   d e r i v a t i v e ,   a  g r a f t   polymer   of  g e l a t i n   and  a n o t h e r  

po lymer ,   a l bumin   or  c a s e i n ,   e t c . ;   a  s a c c h a r i d e   such  as  a  

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

boxymethy l   c e l l u l o s e   or  c e l l u l o s e   s q l f a t e ,   e t c . , ,   s o d i u m  

a l g i n a t e ,   e t c . ;   and  a ' h y d r o p h i l i c   s y n t h e t i c   p o l y m e r i c   s u b -  

s t a n c e   such  as  a  homo-  or  copo lymer   i n c l u d i n g   p o l y v i n y l  

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

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

amide,   p o l y v i n y l i m i d a z o l e   and  p o l y v i n y l   p y r a z o l e ,   e t c .  

Examples   of  g e l a t i n   i n c l u d e   not  only  l i m e - p r o c e s s e d   g e l a t i n  

but   a l s o   a c i d - p r o c e s s e d   g e l a t i n   and  e n z y m e - p r o c e s s e d   g e l a t i n  

as  d e s c r i b e d   i n  B u l l .   Soc.  Sc i .   Phot .   J a p a n ,   No.  16,  page  30 

(1966)  may  be  used .   F u r t h e r ,   a  h y d r o l y z e d   p r o d u c t   and  a n  

e n z y m a t i c   d e c o m p o s i t i o n   p r o d u c t   of  g e l a t i n   can  be  u s e d .  

I t   is  p r e f e r r e d   t h a t   the  r a t i o   by  w e i g h t   of  t h e  

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

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



t i o n   is  1/2  or  l e s s .  

In  the  p r e s e n t   i n v e n t i o n ;   the  l i g h t - s e n s i t i v e   s i l v e r  

h a l i d e   e m u l s i o n   l a y e r   is   not   a lways   composed  of  one  l a y e r  

but   i t   may  be  composed  of  two  or  more  l a y e r s .   For  e x a m p l e ,  

when  the  l i g h t - s e n s i t i v e   s i l v e r   h a l i d e   e m u l s i o n   l a y e r   i s  

composed  of  two  l a y e r s ,   i t   is  p r e f e r r e d   t h a t   the   r a t i o   o f  

the   t o t a l   amount  of  s i l v e r   h a l i d e   in  the  two  l a y e r s   to  t h e  

h y d r o p h i l i c   c o l l o i d   b i n d e r   is  2  or  more  and  t h a t   the  u p p e r  

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

h y d r o p h i l i c   c o l l o i d   b i n d e r   than   the  lower  l i g h t - s e n s i t i v e  

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

F u r t h e r ,   the   amount  of  s i l v e r   h a l i d e   to  be  c o a t e d   i s  

from  1.0  to  6.0  g  and,   p r e f e r a b l y ,   from  1.3  to  4.0  g  c a l -  

c u l a t e d   as  s i l v e r   per   s q u a r e   m e t e r .   P a r t i c u l a r l y   e x c e l l e n t  

e f f e c t s   can  be  o b t a i n e d   when  a  sma l l   amount  of  s i l v e r   i s  

c o a t e d .  

The  l i g h t - i n s e n s i t i v e   upper   l a y e r   of  t h i s   i n v e n t i o n  

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

h a v i n g   the  c o m p o s i t i o n   which  is  g e n e r a l l y   known  as  p r o t e c -  

t i v e   l a y e r s   and  i n t e r - l a y e r s   can  be  used .   The  use  o f  

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

i n s t e a d   of  g e l a t i n   or  t o g e t h e r   wi th   g e l a t i n ,   the  h y d r o p h i l i c  

c o l l o i d s   o t h e r   t han   the  g e l a t i n   as  d e s c r i b e d   above  may  b e  

u s e d .  

As  the  g e l a t i n ,   b e s i d e s   the  l i m e - p r o c e s s e d   g e l a t i n ,  



the  a c i d - p r o c e s s e d   g e l a t i n   and  the  e n z y m e - p r o c e s s e d   g e l a t i n  

d e s c r i b e d   in  B u l l .   Soc.  Sc i .   Phot .   J a p a n ,   No.  16,  p.  30 

(1966)  may  be  used  and  the  h y d r o l y s i s   p r o d u c t s   or  enzyme  

decomposed  p r o d u c t s   of  g e l a t i n   can  a l s o   be  u s e d .  

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

can  be  improved  by  adding   a  m a t t i n g   a g e n t   in  the  l i g h t -  

i n s e n s i t i v e   upper   l a y e r .   The  m a t t i n g   a g e n t   d e s c r i b e d   i n  

R e s e a r c h   D i s c l o s u r e ,   Vol.  176,  pp.  22-28  (December ,   1 9 7 8 )  

can  be  used ,   and  the  g r a i n s   of  0.1  to  10 p  ( e s p e c i a l l y   1  t o  

5  u)  of  s i l i c o n   d i o x i d e   or  p a r t i c u l a r l y   p o l y m e t h y l   m e t h a c r y -  

l a t e   are  p r e f e r r e d .   The  amount  of  the  m a t t i n g   a g e n t   used  i s  

not  p a r t i c u l a r l y   l i m i t e d ,   bu t ,   in  g e n e r a l ,   the  range   in  0 . 0 5  

g/m2  to  0.2  g/m2  is  p r e f e r a b l e .   The  p r o c e s s   of  t h i s   i n v e n -  

t i o n   can  a l s o   improve  the  haze  which  c o n v e n t i o n a l l y   o c c u r r e d  

when  the  m a t t i n g   a g e n t   was  u s e d .  

A  po lymer   l a t e x   may  be  c o n t a i n e d   in  the  l i g h t -  

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

r e t i c u l a t i o n   which  is  easy  to  occur   when  a  l a y e r   hav ing   a  

d i f f e r e n t   h a r d n e s s   is  e s t a b l i s h e d .   The  u s a b l e   po lymer   l a t e x  

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

u n i t   such  as  an  a c r y l i c .   a c id   e s t e r ,   a  m e t h a c r y l i c   a c i d  

e s t e r ,   s t y r e n e ,   e t c . ,   as  d e s c r i b e d   in  U.S.  P a t e n t s   2 , 7 7 2 ,  

166,  3 , 3 2 5 , 2 8 6 ,   3 , 4 1 1 , 9 1 1 ,   3 , 3 1 1 , 9 1 2   and  3 , 5 2 5 , 6 2 0 ,   R e s e a r c h  

D i s c l o s u r e ,   Vol.  195,  No.  19551  ( J u l y ,   1980) ,   e t c .   A  homo-  

polymer  of  a l k y l   a c r y l a t e   or  a l k y l   m e t h a c r y l a t e   such  a s  



methy l   a c r y l a t e ,   e t h y l   a c r y l a t e ,   b u t y l   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 ,   e t h y l   m e t h a c r y l a t e ,   e t c . ,   and  a  copo lymer   o f  

a l k y l   a c r y l a t e   or  a l k y l   m e t h a c r y l a t e   and  v i n y l   monomer  s u c h  

as  a c r y l i c   a c i d ,   N - m e t h y l o l a c r y l a m i d e ,   e t c . ,   are  p a r t i c u l a r -  

ly  p r e f e r r e d .  

A  p r e f e r r e d   a v e r a g e   p a r t i c l e   s i z e   of  the   p o l y m e r  

l a t e x   used  in  the  p r e s e n t   i n v e n t i o n   is  a  r ange   from  0 . 0 0 5  p  

to  1 µ  and  p a r t i c u l a r l y   a  range  from  0 . 0 2  u   to  0.1  µ.  

By  the  u t i l i z a t i o n   of  polymer   l a t e x ,   the  o c c u r r e n c e  

of  r e t i c u l a t i o n   can  be  e x t r e m e l y   e f f e c t i v e l y   p r e v e n t e d .   Of 

the  a b o v e - d e s c r i b e d   po lymer   l a t e x e s ,   t h o s e   h a v i n g   a  h i g h  

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

a l s o  h a v e   an  a b i l i t y   to  improve  any  a n t i a d h e s i v e   p r o p e r t y .  

P a r t i c u l a r l y ,   po lymer   l a t e x e s   hav ing   a  g l a s s   t r a n s i t i o n  

t e m p e r a t u r e   of  room  t e m p e r a t u r e   or  h i g h e r   a re   p r e f e r r e d .  

For  e x a m p l e ,   a  h y d r a t e   of  a  homopolymer  of  v i n y l   monomer 

such  as  me thy l   m e t h a c r y l a t e ,   e t h y l   m e t h a c r y l a t e ,   s t y r e n e ,  

e t c . ,   and  a  c o p o l y m e r   of  such  v i n y l   monomer  and  o t h e r   v i n y l  

monomer  such  as  a c r y l i c   a c i d ,   N - m e t h y l o l a c r y l a m i d e ,   e t c . ,  

are   p a r t i c u l a r l y   p r e f e r r e d .   The  amount  of  the   po lymer   l a t e x  

used  is  p r e f e r a b l y   from  5%  to  200%  and  more  p r e f e r a b l y   f r o m  

10%  to  100%,  based   on  the  w e i g h t   of  h y d r o p h i l i c   c o l l o i d  

c o n t a i n e d   in  the   l a y e r   to  be  a d d e d .  

The  po lymer   l a t e x   can  be  added  to  the  e m u l s i o n  

l a y e r .  



In  the  f o l l o w i n g ,   s p e c i f i c   examples   of  the  p o l y m e r  

l a t e x e s   which  can  be  used  in  the  p r e s e n t   i n v e n t i o n   are  s e t  

f o r t h ,   but  the  p r e s e n t   i n v e n t i o n   is  n o t - t o   be  c o n s t r u e d   a s  

being  l i m i t e d   t h e r e t o .  





Among  the  polymer   l a t e x e s   which  can  be  used  in  t h e  

p r e s e n t   i n v e n t i o n ,   the  m o l e c u l a r   w e i g h t s   of  L-1  to  L-5  a r e  

10,000  to  s e v e r a l   hundred   t h o u s a n d s ,   and  t h o s e   of  L-6  to  L-  



11  are  i n f i n i t e   b e c a u s e   t h o s e   polymer   l a t e x e s   are  s u b j e c t e d  

to  ge la t ion   by  c r o s s - l i n k e d .  

S y n t h e s i s   Example  of  Polymer   Latex  of  Methyl  M e t h a c r y l a t e  

In  a  1000  ml  3 -neck   f l a s k   e q u i p p e d   wi th   a  gas  i n l e t  

c o n d u i t ,   a  r e f l u x   c o n d e n s e r   and  a  s t i r r e r ,   150.0  g  of  m e t h y l  

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

ing  4.28  g  of  sodium  l a u r y l s u l f a t e   d i s s o l v e d   in  800  ml  o f  

d i s t i l l e d   w a t e r   and  to  the  r e s u l t i n g   d i s p e r s i o n   was  a d d e d  

9.6  mg  of  f e r r o u s   c h l o r i d e .   To  20  ml  of  d i s t i l l e d   w a t e r ,  

0 .41  g  of  p o t a s s i u m   p e r s u l f a t e   and  then  0.16  g  of  s o d i u m  

h y d r o g e n   s u l f i t e   were  d i s s o l v e d   and  was  added  2.0  ml  of  2  N 

aqueous   ammonia  to  p r e p a r e   a  p o l y m e r i z a t i o n   i n i t i a t o r .   The  

p o l y m e r i z a t i o n   i n i t i a t o r   was  added  to  the  a b o v e - d e s c r i b e d  

m i x t u r e   w h i l e   m a i n t a i n i n g   the  t e m p e r a t u r e   in  the   f l a s k   a t  

60°C.  A f t e r   2  h o u r s ,   the  same  p o l y m e r i z a t i o n   i n i t i a t o r   a s  

d e s c r i b e d   above  was  added  to  the  r e a c t i o n   m i x t u r e   and  s u b -  

j e c t e d   to  p o s t   p o l y m e r i z a t i o n   for   2  h o u r s .   A f t e r   c o o l i n g ,  

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

to  o b t a i n   a  po lymer   l a t e x   of  me thy l   m e t h a c r y l a t e   of  p r o t e i n  

c o l o r   which  has  15.9%  by  w e i g h t   of  c o n c e n t r a t i o n ,   0 .04  p  o f  

p a r t i c l e   s i z e   and  6.13  of  pH.  

Othe r   po lymer   l a t e x e s   d e s c r i b e d   above  can  a l s o   b e  

s y n t h e s i z e d   g e n e r a l l y   w i th   r e f e r e n c e   to  the  s y n t h e s i s   e x a m -  

p le   a b o v e .  

The  l i g h t - i n s e n s i t i v e   upper  l a y e r   in  the  p r e s e n t  



i n v e n t i o n   may  c o n t a i n   a  s u r f a c e   a c t i v e   a g e n t ,   an  a n t i s t a t i c  

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

g e l a t i n ,   e t c . ,   in  a d d i t i o n   to  the  a b o v e - d e s c r i b e d   h y d r o -  

p h i l i c   c o l l o i d   b i n d e r   ( for   example ,   g e l a t i n ) ,   m a t t i n g   a g e n t  

and  polymer   l a t e x .  

I t   is  p r e f e r r e d   t h a t   the  l i g h t - i n s e n s i t i v e   u p p e r  

l a y e r   is  c o a t e d   at   a  t o t a l   dry  t h i c k n e s s   of  from  0 .3  P   t o  

5  p  and  p a r t i c u l a r l y   from  0.5  µ  to  3  µ .  

For  h a r d e n i n g   of  the  p h o t o s e n s i t i v e   s i l v e r   h a l i d e  

e m u l s i o n   l a y e r   and  the  l i g h t - i n s e n s i t i v e   upper   l a y e r   of  t h i s  

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

used .   In  t h i s   c a s e ,   t h e r e   is  a  case  i n  w h i c h   the  low  m o l e -  

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

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

but  as  the  t h i n   l a y e r   is  h a r d e n e d   by  both  the  low  m o l e c u l a r  

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

a c h i e v e   the  s e l e c t i v e   h a r d e n i n g .   As  t h e s e   d i f f u s i o n   l ow  

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

( i n d e p e n d e n t l y   or  in  t h e i r   c o m b i n a t i o n )   are  used ,   a n d  

t y p i c a l   example s   i n c l u d e   g e l a t i n   h a r d e r s   we l l   known  in  t h i s  

f i e l d   such  as  a l d e h y d e   type   compounds  such  as  m u c o c h l o r i c  

a c i d ,   f o r m a l d e h y d e ,   t r i m e t h y l o l m e l a m i n e ,   g l y o x a l ,   2 , 3 - d i h y -  

d r o x y - l , 4 - d i o x a n e ,   2 , 3 - d i h y d r o x y - 5 - m e t h y l - 1 , 4 - d i o x a n e ,   s u c -  

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

such  as  d i v i n y l   s u l f o n e ,   m e t h y l e n e   b i s m a l e i m i d e ,   1 , 3 , 5 - t r i -  



a c r y l o y l - h e x a h y d r o - s - t r i a z i n e ,   1 , 3 , 5 - t r i v i n y l s u l f o n y l - h e x a -  

h y d r o - s - t r i a z i n e ,   b i s ( v i n y l s u l f o n y l m e t h y l )   e t h e r ,   1 , 3 - b i s -  

( v i n y l s u l f o n y l ) p r o p a n o l - 2 ,   b i s ( a - v i n y l s u l f o n y l a c e t a m i d o ) -  

e t h a n e ,   1 , 2 - b i s ( v i n y l s u l f o n y l ) e t h a n e   and  l , l ' - b i s ( v i n y l s u l -  

f o n y l ) m e t h a n e ;   a c t i v e   h a l o g e n   compounds  such  as  2 , 4 - d i c h l o -  

r o - 6 - h y d r o x y - s - t r i a z i n e ;   e t h y l e n e i m i n e   type   compounds  s u c h  

as  2 , 4 , 6 - t r i e t h y l e n e i m i n o - s - t r i a z i n e ;   and  the  l i k e .  

When  the  d i f f u s i o n   h a r d e n e r   is  used ,   i t   may  be  a d d e d  

to  e i t h e r   the  l i g h t - i n s e n s i t i v e   upper   l a y e r   or  the   e m u l s i o n  

l a y e r .  

Examples   of  the   p r e f e r a b l e   l a y e r   s t r u c t u r e s   of  t h e  

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

p r o d u c e d   by  the  p r o c e s s   for   p r e p a r a t i o n   of  t h i s   i n v e n t i o n  

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

upper   l a y e r   and  a  g e l a t i n   t h i n   l a y e r   c o n t a i n i n g   a  n o n - d i f -  

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

e m u l s i o n   l a y e r ,   a  l i g h t - i n s e n s i t i v e   f i r s t   upper   l a y e r ,   a  

l i g h t - i n s e n s i t i v e   s econd   upper   l a y e r   and  a  g e l a t i n   t h i n  

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

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

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

a n d  a   l i g h t - i n s e n s i t i v e   second   upper   l a y e r   from  the  s u p p o r t  

and  the  l i k e .   In  any  l a y e r   s t r u c t u r e ,   as  a  m a t t e r   o f  

c o u r s e ,   a  s u b b i n g   l a y e r   may  be  e s t a b l i s h e d   be tween   the  e m u l -  

s ion   l a y e r   and  the  s u p p o r t .  



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

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

such  as  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 lms   and  c e l l u l o s e   e s t e r  

f i l m s   such  as  c e l l u l o s e   t r i a c e t a t e   f i l m s   are  p r e f e r a b l y  

u s e d .  

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

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

for  p r e p a r a t i o n   of  t h i s   i n v e n t i o n   is  not  e s p e c i a l l y   l i m i t e d ,  

and  any  p r o c e s s e s   g e n e r a l l y   used  for  p r o c e s s i n g   of  l i g h t -  

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

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

the  range   of  18°C  to  50°C,  but   the  t e m p e r a t u r e   lower  t h a n  

18°C  or  h i g h e r   than   50°C  may  be  u s e d .  

The  d e v e l o p i n g   s o l u t i o n   can  c o n t a i n   a  known  d e v e l -  

oping  a g e n t .   As  the  d e v e l o p i n g   a g e n t ,   d i h y d r o x y   b e n z e n e s  

( e . g . ,   h y d r o q u i n o n e ) ,   3 - p y r a z o l i d o n e s   ( e . g . ,   1 - p h e n y l - 3 -  

p y r a z o l i d o n e ) ,   a m i n o p h e n o l s   ( e . g . ,   N - m e t h y l - p - a m i n o p h e n o l ) ,  

l - p h e n y l - 3 - p y r a z o l i n e s ,   a s c o r b i c   ac id   and  h e t e r o c y c l i c   com-  

pounds  such  as  the  compound  in  which  1 , 2 , 3 , 4 - t e t r a h y d r o -  

q u i n o l i n e   r i ng   and  i n d o l e n e   r i ng   are  c o n d e n s e d   as  d e s c r i b e d  

in  U.S.  P a t e n t   4 , 0 6 7 , 8 7 2   can  be  used  i n d e p e n d e n t l y   or  i n  

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

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

a l k a l i   a g e n t ,   a  pH  b u f f e r ,   an  a n t i f o g g i n g   a g e n t   and  t h e  

l i k e ,   and  may  c o n t a i n   a  d i s s o l v i n g   a i d ,   a  tone  a g e n t ,   a  



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

ing  a g e n t ,   a  wa t e r   s o f t e n e r ,   a  h a r d e n e r ,   a  v i s c o s i t y - i m -  

p a r t i n g   a g e n t   and  the  l i k e ,   as  the  o c c a s i o n   d e m a n d s .  

A  s o - c a l l e d   d e v e l o p e r   for  l i t h o g r a p h i c   m a t e r i a l s ,  

which  is  p r e f e r a b l y   used  for   t h i s   i n v e n t i o n ,   is  b a s i c a l l y  

composed  of  o r t h o -   or  p a r a d i h y d r o x y b e n z e n e ,   an  a l k a l i   a g e n t ,  

a  s m a l l   amount  of  f r e e   s u l f i t e s   and  a  s u l f u r o u s   ac id   i o n  

b u f f e r   and  t h e  l i k e .  

The  o r t h o -   or  p a r a - d i h y d r o x y b e n z e n e   d e v e l o p i n g   a g e n t  

can  be  s u i t a b l y   s e l e c t e d   from  t h o s e   we l l   known  in  the  f i e l d  

of  p h o t o g r a p h .   The  s p e c i f i c   examples   i n c l u d e   h y d r o q u i n o n e ,  

c h l o r o h y d r o q u i n o n e ,   b r o m o h y d r o q u i n o n e ,   i s o p r o p y l h y d r o q u i -  

none ,   t o l u h y d r o q u i n o n e ,   m e t h y l h y d r o q u i n o n e ,   2 , 3 - d i c h l o r o -  

h y d r o q u i n o n e ,   2 , 5 - d i m e t h y l h y d r o q u i n o n e   and  the  l i k e .  

Among  them,  the  h y d r o q u i n o n e   is  e s p e c i a l l y   p r a c t i c -  

a b l e .   These  d e v e l o p i n g   a g e n t s   are   used  i n d e p e n d e n t l y   or  by  

m i x i n g .   The  a d d i t i o n   amount  of  the  d e v e l o p i n g   a g e n t   is  1  t o  

100  g,  p r e f e r a b l y   5  to  80  g,  based   on  1  t  of  the  d e v e l o p e r .  

The  s u l f u r o u s   a c i d   ion  b u f f e r   is  used  in  an  amount  e f f e c t i v e  

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

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

a l k a l i   a d d u c t s   such  as  f o r m a l i n   sodium  h y d r o g e n s u l f i t e  

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

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

a c i d - a m i n e   c o n d e n s a t i o n   p r o d u c t   such  as  s o d i u m - b i s ( 2 - h y d r o -  



x y e t h y l ) a m i n o m e t h a n e s u l f o n a t e   and  the  l i k e .   The  used  a m o u n t  

of  th  s u l f u r o u s   ac id   ion  b u f f e r   is  13  to  130  g  based   on  1  1 

of  the  d e v e l o p e r .   - 

The  d e v e l o p e r   used  in  t h i s   i n v e n t i o n   can  c o n t r o l   t h e  

f r ee   s u l f u r o u s   ac id   ion  c o n c e n t r a t i o n   by  add ing   a  s u l f u r o u s  

ac id   a l k a l i   s a l t   such  as  sodium  s u l f i t e   and  the  l i k e .   The  

a d d i t i o n   amount  of  the  s u l f i t e   is  g e n e r a l l y   5  g  or  l e s s  

based  on  1  1  of  the  d e v e l o p e r ,   p a r t i c u l a r l y ,   p r e f e r a b l e   t o  

be  3  g  or  l e s s ,   but   i t   may  be,  of  c o u r s e ,   l a r g e r   than  5  g .  

In  most  c a s e s ,   an  a l k a l i   h a l i d e   ( e s p e c i a l l y ,   b r o -  

mides  such  as  sodium  bromide   and  p o t a s s i u m   b romide)   i s  

p r e f e r a b l y   used  as  a  d e v e l o p m e n t   m o d i f i e r .   The  a l k a l i  

h a l i d e   is  p r e f e r a b l y   added  in  an  amount  of  0 .01  to  10  g ,  

more  p r e f e r a b l y ,   0.1  to  5  g,  based  on  1 l   of  the  d e v e l o p e r .  

An  a l k a l i   agen t   is  added  so  t h a t   the  pH  in  t h e  

d e v e l o p e r   is  9  or  more  ( e s p e c i a l l y ,   pH  9.7  to  1 1 . 5 ) .   F o r  

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

p o t a s s i u m   c a r b o n a t e   are  used  as  an  a l k a l i   a g e n t .  

As  a  f i x i n g   s o l u t i o n ,   t hose   hav ing   the  c o m p o s i t i o n  

g e n e r a l l y   used  can  be  u s e d .  

As  the  f i x i n g   a g e n t ,   as  we l l   as  t h i o s u l f a t e s   a n d  

t h i o c y a n a t e s ,   o r g a n i c   s u l f u r   compounds  whose  e f f e c t   a s  

f i x i n g   a g e n t   is  known  can  be  u s e d .  

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

a lumin ium  s a l t   as  h a r d e n e r .   When  the  dye  image  is  f o r m e d ,  



g e n e r a l   p r o c e s s e s   can  be  a p p l i e d .  

The  d e v e l o p m e n t   p r o c e s s   may  be  c a r r i e d   out   by  h a n d  

or  an  a u t o m a t i c   d e v e l o p i n g   m a c h i n e . -   In  the  case   of  p r o -  

c e s s i n g   by  an  a u t o m a t i c   d e v e l o p i n g   m a c h i n e ,   the  method  o f  

c a r r i e r   ( e . g . ,   r o l l e r   c a r r i e r   and  b e l t   c a r r i e r )   is  n o t  

p a r t i c u l a r l y   l i m i t e d ,   and  the  c a r r i e r   type   a u t o m a t i c   d e v e l -  

op ing   machine   used  in  the  f i e l d   can  be  u sed .   Moreove r ,   f o r  

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

m e t h o d s ,   the  d e s c r i p t i o n s   of  U.S.  P a t e n t s   3 , 0 2 5 , 7 7 9 ,  

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

3 , 5 7 3 , 9 1 4   and  the   l i k e   can  be  r e f e r r e d .  

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

s u p p o r t s ,   p r o c e s s i n g   methods   and  the  l i k e   of  the  l i g h t -  

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

v e n t i o n ,   the   d e s c r i p t i o n s   of  R e s e a r c h   D i s c l o s u r e ,   Vol.   1 7 6 ,  

pp.  22-28  (December ,   1978)  can  a l s o   be  r e f e r r e d .  

The  r e d u c e r   used  for   t h i s   i n v e n t i o n   is  not   p a r t i c u -  

l a r l y   l i m i t e d   and,   for   example ,   t hose   d e s c r i b e d   in  Mees,  T h e  

Theory  of  the  P h o t o g r a p h i c   P r o c e s s   m e n t i o n e d   above  i s  

e f f e c t i v e l y   u s e d .  

Namely,   the  r e d u c t i o n   component   such  as  a  permanganate, 

a  p e r s u l f a t e ,   a  f e r r i c   s a l t ,   a  c u p r i c   s a l t ,   a  ce r ium  ( IV)  

s a l t ,   a  f e r r i c y a n i d e ,   a  b i c h r o m a t e   and  the  l i k e   are  u s e d  

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

in  which  an  i n o r g a n i c   a c i d   such  as  s u l f u r i c   a c i d   and  a l c o -  



ho l s   are  c o n t a i n e d   or  a  r e d u c e r   in  which  a  r e d u c i n g   c o m p o -  

nen t   such  as  h e x a c y a n o f e r r a t e   ( I I I ) ,   e t h y l e n e d i a m i n e   t e t r a -  

a c e t i c   ac id   f e r r i c   s a l t   and  the-  l i k e   and  a  s i l v e r   h a l i d e  

s o l v e n t   such  as  t h i o s u l f a t e ,   rhodan  s a l t ,   t h i o u r e a   or  i t s  

d e r i v a t i v e   and  the  l i k e   and  a d d i t i o n a l l y   an  i n o r g a n i c   a c i d  

such  as  s u l f u r i c   a c i d ,   if   n e c e s s a r y ,   are  c o n t a i n e d   is  u s e d .  

To  the  r e d u c e r   used  in  t h i s   i n v e n t i o n ,   a  compound  

hav ing   a  m e r c a p t o   group  as  d e s c r i b e d   in  J a p a n e s e   P a t e n t  

A p p l i c a t i o n   (OPI)  No.  68419/77   can  be  f u r t h e r   c o n t a i n e d   a s  

the  o c c a s i o n   d e m a n d s .  

The  c o m p o s i t i o n   of  the  r e d u c e r   and  t r e a t m e n t   c o n d i -  

t i o n s   ( t e m p e r a t u r e ,   t ime,   e t c . )   used  for  the  r e d u c t i o n  

t r e a t m e n t   of  t h i s   i n v e n t i o n   are  not  p a r t i c u l a r l y   l i m i t e d ,  

and  can  be  s u i t a b l y   d e c i d e d   by  t hose   s k i l l e d   in  the  a r t .  

For  the  r e d u c e r   and  the  r e d u c i n g   method ,   the  d e -  

s c r i p t i o n s   of  J a p a n e s e   P a t e n t   A p p l i c a t i o n   (OPI)  Nos.  1 4 0 7 3 3 /  

76,  6 8 4 1 9 / 7 7 ,   1 4 9 0 1 / 7 8 ,   1 1 9 2 3 6 / 7 9 ,   1 1 9 2 3 7 / 7 9 ,   2 2 4 5 / 8 0 ,   2 2 4 4 /  

77,  1 7 1 2 3 / 8 0 ,   7 9 4 4 4 / 8 0 ,   81344/80   can  be  r e f e r r e d   t o .  

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

Sakamoto,   Re touch   T e c h n i q u e   Notebook ,   p u b l i s h e d   by  J a p a n  

P r i n t i n g   T e c h n i q u e   A s s o c i a t i o n   (1980)  can  be  r e f e r r e d   t o .  

This   i n v e n t i o n   is  f u r t h e r   i l l u s t r a t e d   by  the  f o l l o w -  

ing  Examples .   However,   t h i s   i n v e n t i o n   is  not  l i m i t e d   t o  

t h e s e   E x a m p l e s .  

EXAMPLE  1 



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

a  s u b b i n g   l a y e r ,   the  c o a t i n g   s o l u t i o n s   of  the  f o l l o w i n g  

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

method  a c c o r d i n g   to  the  i n s t r u c t i o n s   of  Table   1  to  p r o d u c e  

Samples   1  to  5 .  

C o a t i n g   s o l u t i o n   for   l i g h t - s e n s i t i v e   s i l v e r   h a l i d e   e m u l s i o n  

l a y e r  

A  s i l v e r   h a l i d e   e m u l s i o n   c o n s i s t i n g   of  80  mol%  o f  

s i l v e r   c h l o r i d e ,   19.5  mol%  of  s i l v e r   b romide   and  0.5  mol%  o f  

s i l v e r   i o d i d e   was  p r e p a r e d   by  go ld   s e n s i t i z a t i o n   and  s u l f u r  

s e n s i t i z a t i o n   a c c o r d i n g   to  the  g e n e r a l   method.   The  g e l a t i n  

c o n t a i n e d   in  t h i s   e m u l s i o n   was  45  wt%  based   on  the  s i l v e r  

h a l i d e .   To  t h i s   e m u l s i o n   were  s u c c e s s i v e l y   added  3 - c a r -  

b o x y m e t h y l - 5 - [ 2 - ( 3 - e t h y l - t h i a z o l i n y d e n e ) e t h y l y d e n e ] r h o d a n i n e  

( s p e c t r a l   s e n s i t i z e r ) ,   4 - h y d r o x y - 1 , 3 , 3 a , 7 - t e t r a a z a i n d e n e  

( s t a b i l i z e r ) ,   p o l y o x y e t h y l e n e n o n y l p h e n y l   e t h e r   c o n t a i n i n g   50 

e t h y l e n e o x i d e   g r o u p s   and  the  po lymer   l a t e x   d e s c r i b e d   in  P r e -  

p a r a t i o n   Example ,   P r e s c r i p t i o n   3  of  J a p a n e s e   P a t e n t   P u b l i c a -  

t i o n   No.  5 3 3 1 / 7 0 ,   and  t hen   b i s ( s u l f o n y l a c e t a m i d o ) e t h a n e   ( l o w  

m o l e c u l a r   h a r d e n e r )   was  added  so  as  to  be  2.6  wt%  based   on  

the   t o t a l   dry  g e l a t i n   of  each  sample  to  p r e p a r e   a  c o a t i n g  

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

C o a t i n g   s o l u t i o n   for   l i g h t - i n s e n s i t i v e   upper   l a y e r   1 



Coa t ing   s o l u t i o n   for  l i g h t - i n s e n s i t i v e   upper   l a y e r   2 

G e l a t i n   s o l u t i o n   for   t h i n   l a y e r  

Next ,   a  dot   image  was  formed  on  the  above  s a m p l e s  



a c c o r d i n g   to  the  f o l l o w i n g   m e t h o d .  

Commerc ia l   n e g a t i v e   g ray   c o n t a c t   s c r e e n   (150  l i n e /  

inch)   was  c o n t a c t e d   to  the  s ample ,   which  was  exposed   by  a  

w h i t e   t u n g s t e n   l i g h t   for   10  s econds   t h r o u g h   a  s t e p   wedge  

hav ing   a  s t e p   d i f f e r e n c e   of  0 . 1 .   The  sample  was  s u b j e c t e d  

to  a  h igh  t e m p e r a t u r e   r a p i d   d e v e l o p m e n t   at   38°C  for   20 

s econds   u s i n g   the  f o l l o w i n g   d e v e l o p e r ,   and  then   f i x e d ,   w a s h -  

ed  and  d r i e d   by  the  g e n e r a l   m e t h o d .  

D e v e l o p e r  

The  o b t a i n e d   do t   s t r i p s   were  immersed  in  the  f o l l o w -  

ing  c e r ium  type   r e d u c e r   (20°C)  and  w a s h e d .  

R e d u c e r  

The  change  of  dot   a r e a   of  the  dot   s t r i p s   thus   o b -  

t a i n e d   and  the  change   of  d e n s i t y   per  dot   a rea   were  m e a s u r e d  

by  m i c r o d e n s i t o m e t e r ,   the  dot   a r ea   when  the  dot   hav ing   t h e  



dot  a rea   of  50%  has  the  i n d i v i d u a l   dot   d e n s i t y   of  2.5  a f t e r  

r e d u c t i o n   t r e a t m e n t   was  c a l c u l a t e d ,   and  the  r e d u c t i o n   w i d t h  

va lue   was  o b t a i n e d   by  c a l c u l a t i n g   the   d i f f e r e n c e   of  t h e  

bo th .   Next ,   the  r e d u c t i o n   time  which  was  r e q u i r e d   u n t i l   t h e  

d e n s i t y   became  2.5  was  c a l c u l a t e d .   The  o b t a i n e d   r e s u l t s  a r e  

shown  in  Table   2.  F u r t h e r m o r e ,   the  m e l t i n g   t imes   of  t h e  

l i g h t - i n s e n s i t i v e   upper   l a y e r   and  the  l i g h t - s e n s i t i v e   s i l v e r  

h a l i d e   l a y e r   were  measu red   by  the  a f o r e s a i d   method.   The  

o b t a i n e d   r e s u l t s   are  shown  in  Table   2.  The  haze  d e g r e e   o f  

each  sample  a f t e r   t r e a t m e n t   was  measured   and  the  r e s u l t s   a r e  

a l s o   i n d i c a t e d   in  Table   2 .  

The  haze  in  t h i s   i n v e n t i o n   means  a  c h a r a c t e r i s t i c  

va lue   r e g u l a t e d   in  JIS  s t a n d a r d   (JIS  K  6714)  and  is  shown  by 

the  r a t i o   (%)  of  s c a t t e r e d   l i g h t / t r a n s m i s s i o n   l i g h t   based   on  

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

lower  the  v a l u e ,   the  h i g h e r   the  t r a n s p a r e n c y   of  the  c o a t i n g  

f i l m .  

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

is  added  was  kept   at  40°C  and  p r e s e r v e d   wi th   s t i r r i n g   homo-  

g e n e o u s l y   and  the  change  of  v i s c o s i t y   wi th   the  l a p s e   of  t i m e  

was  measured   u s ing   'B- type   v i s c o s i m e t e r   ( p r o d u c e d   by  Tokyo  

Keik i   Co.,   L t d . )   to  o b t a i n   the  time  u n t i l   the  v i s c o s i t y  

became  2  t imes   the  i n i t i a l   v i s c o s i t y .  

In  the  s u c c e s s i v e   p r o d u c t i o n ,   t h i s   va lue   is  p r e f e r -  

red  to  be  as  l a r g e   as  p o s s i b l e .   When  the  v a l u e   b e c o m e s  



s m a l l ,   an  i n s o l u b l e   lump  based  on  the  r e a c t i o n   of  t h e  

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

and  the   d e g r e e   of  improvemen t   in  the  p r o p e r t y   of  v i s c o s i t y  

i n c r e a s e   o f . c o a t i n g   s o l u t i o n   w i th   the   l a p s e   of  t ime  can  b e  

j u d g e d   by  the   d i m e n s i o n s   of  t h i s   v a l u e .  

The  o b t a i n e d   r e s u l t s   are  shown  in  Table   2 .  







Table  2  shows  t h a t   Sample  Nos.  2  to  5,  as  c o m p a r e d  

wi th   Sample  No.  1,  are  h a r d e n e d   so  t h a t   the  m e l t i n g   t ime  o f  

the  l i g h t - i n s e n s i t i v e   upper   l a y e r   becomes  l a r g e r   than   t h a t  

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

c o m p a r i s o n   be tween   Sample  N o s .  2   and  4  and  be tween   S a m p l e  

Nos.  3  and  5,  the  r e d u c t i o n   a b i l i t y   is  e x c e l l e n t   in  e v e r y  

case   and  the  sample   on  which  the  p o l y m e r i c   h a r d e n e r   i s  

c o a t e d   in  the  l a r g e r   amount  shows  the  l a r g e r   r e d u c t i o n   w i d t h  

and  r e d u c t i o n   t i m e ,   i n d i c a t i n g  t h a t   the  s amples   have  a l m o s t  

equa l   r e d u c t i o n   a b i l i t y .   However,   for  the  p r o p e r t y   of  v i s -  

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

as  a p p a r e n t   from  the  c o m p a r i s o n   b e t w e e n  S a m p l e   N o s .  2   and  4 

and  be tween   3  and  5,  the  p r o p e r t y   of  v i s c o s i t y   i n c r e a s e   o f  

c o a t i n g   s o l u t i o n   wi th   the  l a p s e   of  t ime  of  Sample  Nos.  2  a n d  

3  is  r e m a r k a b l y   poor  and  the  s u c c e s s i v e   c o a t i n g   under   s u c h  

c o n d i t i o n s   c a u s e s   the  f o r m a t i o n   of  a  lump  on  the  c o a t i n g  

s u r f a c e ,   r e s u l t i n g   in  c o a t i n g   p r o b l e m s .   C o n t r a r y   to  t h i s ,  

Sample  Nos.  4  and  5  of  t h i s   i n v e n t i o n   show  q u i t e   e x c e l l e n t  

a b i l i t i e s   wi th   r e s p e c t   to  p r o d u c t i o n ,   as  they  have  no  p r o b -  

lems  as  d e s c r i b e d   above  and  can  be  improved  wi th   r e s p e c t   t o  

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

c r e a s e   of  c o a t i n g   s o l u t i o n   wi th   the  l a p s e   of  t ime  is  a l s o  

s a t i s f a c t o r y .  

The  s amples   of  Sample  Nos.  1  to  5  were  s u b j e c t e d   t o  

the  same  d e v e l o p m e n t   as  d e s c r i b e d   above ,   and  the  d e g r e e   o f  



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

for   each  sample   u s i n g   a  m i c r o s c o p e ,   but   in  eve ry   s a m p l e ,  

r e t i c u l a t i o n   was  not  fo rmed .   - 

For  the  d e g r e e   of  haze ,   Sample  4  is  lower  t han   Sam- 

ple   2  and  Sample  5  lower   than   Sample  3,  and  i t   is  a p p a r e n t  

t h a t   the   s amples   of  t h i s   i n v e n t i o n   have  e x c e l l e n t   t r a n s m i t -  

t a n c e   as  c o a t i n g   f i l m s .  

The  s amp le s   a f t e r   c o a t i n g   were  p r e s e r v e d   in  an  a t m o -  

s p h e r e   of  25°C  and  65%  RH  and  the  f i l m   q u a l i t y   ( s w e l l i n g ,  

MT)  s e n s i t o m e t r y   a f t e r   3  days   was  examined  c o n t i n u o u s l y   w i t h  

the   l a p s e   of  t ime ,   and  as  a  r e s u l t ,   no  s i g n i f i c a n t   d i f f e r -  

ence  be tween   Samples   2  and  3  and  Samples  4  and  5  of  t h i s  

i n v e n t i o n   was  f o u n d .  

While  t h e  i n v e n t i o n   has  been  d e s c r i b e d   in  d e t a i l   a n d  

wi th   r e f e r e n c e   to  s p e c i f i c   embodiments   t h e r e o f ,   i t   w i l l   b e  

a p p a r e n t   to  one  s k i l l e d   in  the  a r t   t h a t   v a r i o u s   changes   a n d  

m o d i f i c a t i o n s   can  be  made  t h e r e i n   w i t h o u t   d e p a r t i n g   from  t h e  

s p i r i t   and  scope   t h e r e o f .  



1.  A  p r o c e s s   for  p r e p a r i n g   a  s i l v e r   h a l i d e   p h o t o g r a p h i c  

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

p r i s i n g   the  s t e p s   o f :  

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

l a y e r   on  a  s u p p o r t ;  

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

a  h y d r o p h i l i c   c o l l o i d   on  an  upper  p o r t i o n   of  the  e m u l s i o n  

l a y e r ;   a n d  

c o a t i n g   a  c o m p o s i t e   s o l u t i o n   on  the  l i g h t - i n s e n s i -  

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

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

amount  enough  to  make  the  m e l t i n g   time  of  the  l a y e r   made  by  

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

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

t h a t   the  g e l a t i n   c o a t i n g   amount  is  in  the  range  of  0.05  g /m2  

to  0.5  g / m 2 .  

2.  A  p r o c e s s   for   p r e p a r i n g   a  s i l v e r   h a l i d e  p h o t o g r a p h i c  

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

c l a imed   in  Claim  l ,   w h e r e i n   a  d i f f u s i o n   low  m o l e c u l a r   com-  

pound  is  p r e s e n t   in  the  c o a t i n g   s o l u t i o n   of  the  l i g h t - s e n s i -  

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

3 .  A   p r o c e s s   for  p r e p a r i n g   a  s i l v e r   h a l i d e   p h o t o g r a p h i c  

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

c l a imed   in  Claim  1,  w h e r e i n   a  d i f f u s i o n   low  m o l e c u l a r  



h a r d e n e r   is  p r e s e n t   in  the  c o a t i n g   s o l u t i o n   of  the  l i g h t -  

i n s e n s i t i v e   upper   l a y e r .  

4.  A  p r o c e s s   for   p r e p a r i n g  a   s i l v e r   h a l i d e   l i g h t - s e n s i -  

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

Claim  1,  w h e r e i n   a  m a t t i n g   a g e n t   is  p r e s e n t   in  the   c o a t i n g  

s o l u t i o n   for   the  l i g h t - i n s e n s i t i v e   upper   l a y e r .  

5.  A  p r o c e s s   for   p r e p a r i n g   a  s i l v e r   h a l i d e   p h o t o g r a p h i c  

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

c l a i m e d   in  Claim  1,  w h e r e i n   the  c o a t i n g   c o m p o s i t e   s o l u t i o n  

on  the  l i g h t - i n s e n s i t i v e   upper   l a y e r   is  c o a t e d   so  t h a t   t h e  

g e l a t i n   c o a t i n g   amount  is  in  the  range  of  0.05  g  to  0 . 2  

g / m 2 .  

6.  A  p r o c e s s   for   p r e p a r i n g   a  s i l v e r   h a l i d e   p h o t o g r a p h i c  

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

c l a i m e d   in  Claim  1,  w h e r e i n   g e l a t i n   is  p r e s e n t   in  the  compo-  

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

a  c o n c e n t r a t i o n  i n   the  range  of  0.1  to  2  wt%. 

7.  A  p r o c e s s   for   p r e p a r i n g   a  s i l v e r   h a l i d e   p h o t o g r a p h i c  

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

c l a i m e d   in  Claim  1,  w h e r e i n   the  p o l y m e r i c   h a r d e n e r   is  a  

compound  h a v i n g   the   g e n e r a l   f o rmu la   ( I ) :  



where in   A  is  an  e t h y l e n e   type  u n s a t u r a t e d   monomer  which  c a n  

be  c o p o l y m e r i z e d   wi th   the  monomer  u n i t   shown  to  i t s   r i g h t ;  

R1  is  a  h y d r o g e n   atom  or  a  l o w e r  a l k y l   group  c o n t a i n i n g   1  t o  

6  ca rbon   a toms;   Q  is  any  of  - C O 2 - ,  ( w h e r e i n   R1  is  t h e  

same  as  the  above)   or  an  a r y l e n e   group  hay ing   1  to  6  c a r b o n  

atoms;   L  r e p r e s e n t s   a  d i - v a l e n t   group  c o n t a i n i n g   3  to  15 

ca rbon   atoms  and  at  l e a s t   one  of  -CO2-  a n d  is  the  same 

as  d e s c r i b e d   above  or  a  d i - v a l e n t   group  c o n t a i n i n g   1  to  12 

ca rbon   atoms  and  a t   l e a s t   one  of  - O -  -CO-,  - s o - ,   - S O 2 - ,  

-SO3- .   - S 0 2 N - ,  ( w h e r e i n   R1  is  the  same  a s  

above)  bonds;   R2  is  a  v i n y l   group  or  a  f u n c t i o n a l   g r o u p  

which  becomes  i t s   p r e c u r s o r ,   t h a t   is  e i t h e r   -CH=CH2  o r  

-CH2CH2X;  X  is  a  g roup  which  can  be  s u b s t i t u t e d   by  a  n u c l e o -  

p h i l i c   group  or  a  g roup  which  can  be  e l i m i n a t e d   in  the  f o r m  

of  HX  by  a  base ;   x  and  y  r e p r e s e n t   mole  p e r c e n t a g e s ,   and  x 



is  in  the  range   of  0  to  99  and  y   is  in  the  range   of  1  t o  

1 0 0 .  
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