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thereon  at  least  one  hydrophilic  colloid  layer  comprising  at 
least  one  silver  halide  emulsion  layer.  The  hydrophilic  colloid 
layer  is  formed  by  one  or  more  times  of  coating  provided  that 
wet  thickness  of  the  layers  coated  in  aech  time  of  coating  is 
within  the  range  of  from  35  to  80  \l  m,  and  a  total  content  of 
gelatin  of  the  whole  hydrophilic  colloid  is  in  an  amount  of 
from  2.20  to  3.10  g/m2.  The  photographic  material  is  suitable 
for  super-rapid  processing  by  an  automatic  processor  for  20 
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SILVER  HALIDE  PHOTOGRAPHIC  L I G H T - S E N S I T I V E   MATERIAL 

EXCELLENT  IN  THE  SUPER-RAPID  P R O C E S S A B I L I T Y  

F i e l d   of   t h e   I n v e n t i o n  

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

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

s u p e r - r a p i d l y   p r o c e s s a b l e   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   w h i c h   c a u s e s   l i t t l e   or  no  t r o u b l e   i n  

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

t h e   g r a i n i n e s s   as  w e l l   as  in   t h e   p r e s s u r e   r e s i s t a n c e .  

B a c k g r o u n d   o f   t h e   I n v e n t i o n  

In  r e c e n t   y e a r s ,   t h e   c o n s u m p t i o n   .  of  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 s   has   b e e n   and  i s  

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

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 s  

i n c r e a s e s ,   l e a d i n g   to  t h e   demand   f o r   e v e n   more   r a p i d  

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

The  a b o v e - m e n t i o n e d   t e n d e n c y   i s   s e e n   a l s o   in   t h e   f i e l d   o f  

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

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

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

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

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

d i a g n o s i s   e v e n   more   c o r r e c t   l e a d s   to   t h e   i n c r e a s e   in  t h e  

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

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

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

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

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

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

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

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

f i n i s h e d   r a d i o g r a p h i c   i m a g e   in   no  t i m e .  

In  o r d e r   to   m e e t   t h e   a b o v e   w i s h e s   of   t h e   m e d i c a l   f i e l d ,  

i t   i s   n e c e s s a r y   to   f u r t h e r   s p e e d   up  t h e   p r o c e s s i n g   of  X - r a y  

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

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

H o w e v e r ,   i f   a  r a p i d   p r o c e s s i n g   of  a  f i l m   t a k e s   p l a c e ,   i t  

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

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

maximum  d e n s i t y   a r e   d e t e r i o r a t e d ) ,   (b)  i s   n o t   c o m p l e t e l y  



0 2 4 8 3 9 0  

-  3  -  

f i x e d ,   (c)  i s   n o t   s u f f i c i e n t l y   w a s h e d ,   a n d ,   (d)  i s   n o t  

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

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

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

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

of  g e l a t i n .   H o w e v e r ,   t h e   r e d u c t i o n   of  t h e   a m o u n t   of  g e l a t i n  

g i v e s   r i s e   to  v a r i o u s   o t h e r   p r o b l e m s :   Fo r   e x a m p l e ,   (1)  s u c h  

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

a p p e a r   in  t h e   c o a t i n g   of  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 ,   (2)  w h e r e   t h e   f i l m   i s   r u b b e d   w i t h  

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

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

t h e   o t h e r   p a r t s ;   t h e   s o - c a l l e d   s c r a t c h   d a r k e n i n g ,   (3)  when  t h e  

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

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

t h a t   of  t h e   o t h e r   p a r t s ;   t h e   s o - c a l l e d   p r e s s u r e   •  d e s e n s i t i -  

z a t i o n ,   and  (4)  s i n c e   a  d e v e l o p e r   s o l u t i o n   can   p e r m e a t e   a n d  

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

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

g r a i n i n e s s   l o o k s   r o u g h e n e d .  

I t   ha s   b e e n   so  d i f f i c u l t   to   s o l v e   t h e s e   p r o b l e m s   to  d a t e  

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

c o n v e n t i o n a l   f i l m s .  

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

as  h a s   b e e n   d e s c r i b e d   a b o v e .   The  ' s u p e r - r a p i d   p r o c e s s i n g *  
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h e r e i n   m e a n s   a  p r o c e s s i n g   by  an  a u t o m a t i c   p r o c e s s o r   of  w h i c h  

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

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

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

f i r s t   c r o s s - o v e r   r a c k ,   f i x e r   b a t h ,   s e c o n d   c r o s s - o v e r   r a c k ,  

wash   w a t e r   b a t h ,   t h i r d   c r o s s - o v e r   r a c k ,   and  d r y i n g   r a c k   up  t o  

t h e   t i m e   when   t h e   t r a i l i n g   end  of  t h e   f i l m   g e t s   o u t   of  t h e  

d r y i n g   s e c t i o n   [ i n   o t h e r   w o r d s ,   t h e   q u o t i e n t   ( s e c . )   o b t a i n e d  

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

t h e   l i n e   t r a n s p o r t   s p e e d   ( m / s e c . ) ]   i s   f r o m   20  s e c o n d s   to   60 

s e c o n d s .  

The  r e a s o n   why  t h e   c r o s s - o v e r   t i m e   i s   to   be  i n c l u d e d   i n  

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

i s   b e c a u s e   i t   i s   c o n s i d e r e d   t h a t ,   even   in   t h e   c r o s s - o v e r  

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

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

o n .  

J a p a n e s e   P a t e n t   E x a m i n e d   P u b l i c a t i o n   No.  4 7 0 4 5 / 1 9 7 6  

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

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

c r o s s - o v e r   t i m e   i s   d e s c r i b e d   to   be  f rom  60  to  120  s e c o n d s .  

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

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

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

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

In  o r d e r   to   mee t   t h i s   d e m a n d ,   f l u o r e s c e n t   i n t e n s i f y i n g  

s c r e e n s ,   i n t e n s i f y i n g   s c r e e n s ,   d e v i c e s   or  means   s u c h   a s  

f l u o r e s c e n t   s c r e e n s .   X - r a y   image   i n t e n s i f   i e r s ,   e t c . ,   a r e   u s e d .  

The  i m p r o v e m e n t   of  t h e s e   d e v i c e s   or  means   and  t h e   i n c r e a s e   i n  

t h e   s e n s i t i v i t y   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   f o r  

X - r a y   use  in  r e c e n t   y e a r s   a r e   r e m a r k a b l e .   On  t h e   o t h e r   h a n d ,  

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

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

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

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

a  l a r g e - c a p a c i t y   X - r a y   g e n e r a t o r   has   a l s o   b e e n   d e v e l o p e d  

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

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

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

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

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

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

a  s m a l l   X - r a y   d o s e ;   i . e . ,   a  s t i l l   h i g h e r - s p e e d   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 .  

T h e r e   a r e   a  l a r g e   v a r i e t y   of  t e c h n i q u e s   to  i n c r e a s e   t h e  

s p e e d   of  a  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   w i t h   i t s  

s i l v e r   h a l i d e   g r a i n   s i z e   r e m a i n i n g   i n t a c t ;   t h a t   i s ,  

s e n s i t i z i n g   m e t h o d s .   I f   a  p r o p e r   s e n s i t i z i n g   t e c h n i q u e   i s  
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u s e d ,   a  l i g h t - s e n s i t i v e   m a t e r i a l   may  be  e x p e c t e d   to   h a v e   i t s  

s p e e d   i n c r e a s e d   w i t h   i t s   g r a i n   s i z e   r e m a i n i n g   as  i t   i s ;   i . e . ,  

w i t h   i t s   c o v e r i n g   p o w e r   k e p t   on.   Many  a r e   r e p o r t e d   as  t h e  

t e c h n i q u e ,   i n c l u d i n g ,   e . g . ,   m e t h o d s   of   a d d i n g   to   an  e m u l s i o n   a  

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

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

e m u l s i o n   by  u se   of  an  a p p r o p r i a t e   c o m b i n a t i o n   of  s e n s i t i z i n g  

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

l i k e .  

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

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

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 s   i s  

c h e m i c a l l y   s e n s i t i z e d   to  an  u t m o s t   p o s s i b l e   e x t e n t ,   so  t h a t ,  

i f   any  of  t h e   a b o v e   m e t h o d s   i s   a p p l i e d ,   a  l i g h t - s e n s i t i v e  

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

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

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

a r o u n d   450nm  a r e   o u t - o f - d a t e ,   and  a r e   now  r e p l a c e d   b y  

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

w a v e l e n g t h s   of  f r o m   540  to   550nm.   T h o s e   t h u s   s e n s i t i z e d   a r e  

s e n s i t i v e   to  a  w i d e r   w a v e l e n g t h   r e g i o n   and  a l s o   have   a  h i g h e r  

s p e e d   t h a n   c o n v e n t i o n a l   o n e s   so  as  to   a l l o w   t h e   r e d u c t i o n   o f  

an  e x p o s u r e   d o s e ,   t h u s   m a k i n g   s m a l l e r   t h e   i n f l u e n c e   upon   t h e  

human  b o d y .   T h u s ,   t h e   dye   s e n s i t i z a t i o n   i s   a  v e r y   u s e f u l  
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s e n s i t i z i n g   m e a n s ,   bu t   h a s   l o t s   of  p r o b l e m s   y e t   to  be  s o l v e d ;  

f o r   e x a m p l e ,   t h e r e   s t i l l   r e m a i n   p r o b l e m s   t h a t   no  a d e q u a t e  

s e n s i t i v i t y   can  be  o b t a i n e d   d e p e n d i n g   on  t h e   t y p e   of  t h e  

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

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

a p p l i e d   p r i o r   to  e x p o s u r e   c a u s e s   a  p r e s s u r e   s e n s i t i z a t i o n  

t r o u b l e   ( d e s e n s i t i z a t i o n   m a r k s   f o u n d   on  a  l i g h t - s e n s i t i v e  

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

p r e s s u r e   a p p l i e d   b e f o r e   e x p o s u r e )   .  For   e x a m p l e ,   a  m e d i c a l  

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

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

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

f o r m   of  s o - c a l l e d   k n i c k   m a r k s .  

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

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

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

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

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

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

s e a s o n   or  in  a  d r y   p l a c e .   Such   p h e n o m e n a   w i l l   p r o b a b l y  

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

i s   w e l l - k n o w n   t h a t   t h e   l a r g e r   t h e   g r a i n   s i z e   of  and  t h e   h i g h e r  

t h e   s p e e d   of  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   t h e   more   e a s i l y   d o e s   t h e   p r e s s u r e   d e s e n s i t i z a t i o n  

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

:he  p u r p o s e   of  i m p r o v i n g   so  as   n o t   to   c a u s e   t h e   p r e s s u r e  

i e s e n s i t i z a t i o n   as  d e s c r i b e d   in   U .S .   P a t e n t   Nos.   2 , 6 2 8 , 1 6 7 ,  

t,  7 5 9 ,   822 ,   3 , 4 5 5 , 2 3 5 ,   2 , 2 9 6 , 2 0 4 ,   F r e n c h   P a t e n t   No.  2 , 2 9 6 , 2 0 4 ,  

md  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   Open  to   P u b l i c   I n s p e c t i o n  

[ h e r e i n a f t e r   r e f e r r e d   to   as   J a p a n e s e   P a t e n t   O . P . I .  

P u b l i c a t i o n )   Nos.   1 0 7 1 2 9 / 1 9 7 6   and  1 1 6 0 2 / 1 9 7 5 ,   and  t h e   l i k e ,  

Dut  some  of  t h e m   a r e   n o t   a d e q u a t e   in  t h e   d e g r e e   of  t h e  

I m p r o v e m e n t ,   some  p r o d u c e   a  c o n s p i c u o u s   dye  s t a i n ,   and  s o m e  

D t h e r s   c an   n o t   n e c e s s a r i l y   be  c o n s i d e r e d   to   d e r i v e   a d e q u a t e l y  

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

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

On  t h e   o t h e r   h a n d ,   many  a t t e m p t s   h a v e   h i t h e r t o   b e e n   m a d e  

bo  i m p r o v e   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 s   so  as  n o t   to   c a u s e   t h e   p r e s s u r e   d e s e n s i t i z a t i o n   b y  

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

a t t e m p t s   a r e   f o u n d   i n ,   e . g . ,   U .S .   P a t e n t   Nos .   3 , 5 3 6 , 4 9 1 ,  

3 , 7 7 5 , 1 2 8 ,   3 , 0 0 3 , 8 7 8 ,   2 , 7 5 9 , 8 2 1   and  3 , 7 7 2 , 0 3 2 ,   J a p a n e s e   P a t e n t  

O . P . I .   P u b l i c a t i o n   Nos .   3 3 2 5 / 1 9 7 8 ,   5 6 2 2 7 / 1 9 7 5 ,   1 4 7 3 2 4 / 1 9 7 5   a n d  

1 4 1 6 2 5 / 1 9 7 6 ,   and  t h e   l i k e .   H o w e v e r ,   t h e s e   t e c h n i q u e s ,  

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

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

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

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

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

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

when  s u b j e c t e d   to   a  s u p e r - r a p i d   p r o c e s s i n g   whose   t o t a l  

p r o c e s s i n g   t i m e   i s   f r om  20.  to   60  s e c o n d s ,   i s   s o l v e d   in  r e s p e c t  

of  t h e   a b o v e   p r o b l e m s   of  c o n v e n t i o n a l   t e c h n i q u e s   and  e x c e l l e n t  

in  t h e   s e n s i t i v i t y ,   c o n t r a s t ,   maximum  d e n s i t y ,   f i x a b i l i t y ,  

d r y a b i l i t y ,   and  t h e   l i k e .  

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

c a u s e s   l i t t l e   or  no  t r o u b l e   in  t h e   c o a t i n g   t h e r e o f   e v e n   t h o u g h  

i t   u s e s   a  s m a l l   a m o u n t   of  g e l a t i n .  

S t i l l   o t h e r   o b j e c t s   of  t h e   p r e s e n t   i n v e n t i o n   w i l l   b e  

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

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

ed  by  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  

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

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

one  or  more   t i m e s   of  c o a t i n g   p r o v i d e d   t h a t   wet   t h i c k n e s s   o f  

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

35  to  80u.m,  and  a  t o t a l   g e l a t i n   c o n t e n t   of  t h e   w h o l e  

h y d r o p h i l i c   c o l l o i d   l a y e r   i s   in  an  a m o u n t   of  f r o m   2 . 2 0   to   3 . 1 0  

g /m3 ,   and  a  m e t h o d   f o r   p r o c e s s i n g   in  w h i c h   t h e   a b o v e - m e n t i o n e d  
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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   i s  

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

r a n g e   of  f r o m   20  to  60  s e c o n d s .  

When  an  a m o u n t   of  g e l a t i n   u s e d   i s   e x c e e d s   3 . 1 0   g / m a ,   t h e  

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

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

when  a  g e l a t i n   a m o u n t   i s   n o t   more   t h a n   2 . 2 0   g / m 2 ,   a  u n i f o r m  

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

of   i m a g e s   w i l l   a l s o   be  d e t e r i o r a t e d .  

When  a  g e l a t i n   a m o u n t   e x c e e d s   3 . 1 0   g / m z ,   a.  wet  l a y e r  

t h i c k n e s s   w i l l   c a u s e   a  few  c o a t i n g .   t r o u b l e ,   and  when  i t   i s   n o t  

more   t h a n   3 .1   g / m a ,   s u c h   a  wet   l a y e r   t h i c k n e s s   w i l l   s e r i o u s l y  

a f f e c t   a  l a y e r   c o a t i n g .  

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

The  wet   l a y e r   t h i c k n e s s   h e r e i n ,   w h e r e   one  or  two  or  m o r e  

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

s u p p o r t ,   i m p l i e s   t h e   t o t a l   of  t h e   t h i c k n e s s e s   (urn)  of  t h e   w e t  

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

w o r d s ,   i m m e d i a t e l y   b e f o r e   t h e   b e g i n n i n g   of   d r y i n g ) .   ( I f   o n e  

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

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

l a y e r . )   The  wet   l a y e r   t h i c k n e s s   can  be  f o u n d   by  t h e   f o l l o w i n g  

f o r m u l a :  

Wet  l a y e r   t h i c k n e s s   (urn)  =  [A  t o t a l   of  s u p p l y   a m o u n t s   o f  

c o a t i n g   l i q u i d s   ( l i t e r / m i n . )   x  1000]   /  [ c o a t i n g   s p e e d   ( j n / m i n . )  
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x  c o a t i n g   w i d t h   (m)J  

A l s o ,   t he   wet  l a y e r   t h i c k n e s s   h e r e i n ,   where   c o a t i n g s   a r e  

made  s e r i a l l y ,   i . e . ,   where   a f t e r   one  l a y e r   i s   c o a t e d   and  d r i e d  

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

t h i c k n e s s   of  each   c o a t e d   l i q u i d .  

In  t h i s   i n v e n t i o n ,   t h e   wet  l a y e r   t h i c k n e s s   is  in  t h e  

r a n g e   of  f rom  35  to  75um,  and  most   p r e f e r a b l y   f rom  45  to  7 0 u m .  

If   t h e   wet  l a y e r   is  too  t h i c k ,   the   l o a d   at   the   t ime   of  d r y i n g  

b e c o m e s   so  l a r g e   as  to  i n c r e a s e   t h e   amount   of  h e a t   fo r   d r y i n g  

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

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

and  t h e   l i k e .   If   t he   wet  l a y e r   t h i c k n e s s   is  too   t h i n   to  t h e  

c o n t r a r y ,   i t   is   d i f f i c u l t   to  c a r r y   ou t   a  u n i f o r m   c o a t i n g   w i t h  

no  t r o u b l e .  

In  t he   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   of  t h i s   i n v e n t i o n ,   t h e   g e l a t i n   c o n t e n t   of  t h e  

h y d r o p h i l i c   c o l l o i d   l a y e r   ( i n c l u d i n g   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 )   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   s i d e   on  the   s u p p o r t   t h e r e o f   i s   in  t h e   r a n g e   of  f rom  2 . 2 0  

to  3 . 1 0 g / m a .  

If   t h e   amount   of  g e l a t i n   i s   s m a l l e r   t han   the   l ower   l i m i t  

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

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

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

g e l a t i n   i s   more  p r e f e r a b l y   f rom  2 . 4 0   to  2 . 9 0 g / m * ,   and  m o s t  
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p r e f e r a b l y   f r o m   2 . 5 0   to   2 . 8 0 g / m * .  

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

t h a t ,   w h e r e   t h e   h y d r o p h i l i c   c o l l o i d   l a y e r   on  t h e   s i l v e r   h a l i d e  

e m u l s i o n   s i d e   c o n s i s t s   of  two  or  more   l a y e r s ,   t h e   l a y e r s   a r e  

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

l i q u i d   c o n s t i t u t i n g   t h e   t o p m o s t   l a y e r   t h e r e o f   i s   6  d y n e / c m  

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

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

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

more   p r e f e r a b l y   n o t   l e s s   t h a n   8  d y n e /   cm,  and  mos t   p r e f e r a b l y  

n o t   l e s s   t h a n   10  d y n e / c m .  

In  o r d e r   to   o b t a i n   s u c h   t h e   d i f f e r e n c e   in  t h e   s u r f a c e  

t e n s i o n ,   a t   l e a s t   one   s u r f a c e   a c t i v e   a g e n t   s h o u l d   be  u s e d .  

The  s u r f a c e   a c t i v e   a g e n t   may  or  may  n o t   be  u s e d   in  t h e  

a d j a c e n t   l a y e r   to   t h e   t o p m o s t   l a y e r .   I f   t h e   a g e n t   s h o u l d   b e  

u s e d ,   i t   may  be  e i t h e r   t h e   same  as  or   d i f f e r e n t   f r o m   t h a t   u s e d  

in   t h e   t o p m o s t   l a y e r .  

M a t e r i a l s   u s a b l e   as  t h e   s u r f a c e   a c t i v e   a g e n t   i n c l u d e  

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   .  s u c h   -  a s ,   e . g . ,   s a p o n i n s  

( s t e r o i d   t y p e ) ,   a l k y l e n e - o x i d e   d e r i v a t i v e s   s u c h   a s ,   e . g . ,  

p o l y e t h y l e n e   g l y c o l ,   p o l y e t h y l e n e   g l y c o l   / p o l y p r o p y l e n e   g l y c o l  

c o n d e n s a t e ,   p o l y e t h y l e n e   g l y c o l - a l k y l   e t h e r s   or   p o l y e t h y l e n e  

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

p o l y e t h y l e n e   g l y c o l   s o r b i t a n   e s t 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 m i n e s   or  a m i d e s ,   p o l y e t h y l e n e   o x i d e   a d d u c t s   of  s i l i c o n e ;  
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g l y c i d o l   d e r i v a t i v e s   s u c h   as  an  a l k e n y l - s u c c i n i c   a c i d  

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

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

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

as ,   e . g . ,   a l k y l - c a r b o x y l a t e s ,   a l k y l - s u l f   o n a t e s ,   a l k y l b e n z e n e -  

s u l f o n a t e s ,   a l k y l n a p h t h a l e n e - s u l f   o n a t e s ,   a l k y l - s u l f   a t e s ,  

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

s u l f   o a l k y l - p o l y o x y e t h y l e n e a l k y l p h e n y l   e t h e r s   ,  p o l y o x y e t h y l e n e -  

a l k y l   p h o s p h a t e s ,   and  t h e   l i k e ;   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   s u c h   as  amino   a c i d s ,   a m i n o a l k y l s u l f   o n i c   a c i d s ,  

a m i n o a l k y l - s u l f   a t e s   or  p h o s p h a t e s ,   a l k y l - b e t a i n e s ,   a m i n e  

o x i d e s ,   and  t h e   l i k e ;   c a t i o n i c   s u r f a c e   a c t i v e   a g e n t s   s u c h   a s  

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

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

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

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

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

h a v i n g   f l u o r i n e - c o n t a i n i n g   s u f a c e   a c t i v e   a g e n t s ,   and  t h e   l i k e .  

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

P u b l i c a t i o n   No.  9 6 1 0 / 1 9 7 6 ,   West   German   P a t e n t   No.  2 , 6 4 8 , 7 4 6 ,  

J a p a n e s e   P a t e n t   O . P . I .   P u b l i c a t i o n   Nos.   1 2 9 6 2 3 / 1 9 7 8 ,  

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

and  9 4 1 2 6 / 1 9 8 5 ,   arid  t h e   l i k e .   E x a m p l e s   of  t h e   c o m b i n e d   use   o f  
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t h e   a l k y l e n e - o x i d e - t y p e   s u r f a c e   a c t i v e   a g e n t s   and  o t h e r  

c o m p o u n d s   a r e   f o u n d   in  J a p a n e s e   P a t e n t   O . P . I .   P u b l i c a t i o n   N o s .  

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

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

8 0 8 4 7 / 1 9 8 5 ,   1 3 1 2 9 3 / 1 9 7 5   and  2 9 7 1 5 / 1 9 7 8 ,   and  t h e   l i k e .  

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

d e s c r i b e d   in   J a p a n e s e   P a t e n t   O . P . I .   P u b l i c a t i o n   N o .  

2 1 9 2 2 / 1 9 7 8 ,   B r i t i s h   P a t e n t   No.  1 , 5 0 3 , 2 1 8 ,   and  J a p a n e s e   P a t e n t  

E x a m i n e d   P u b l i c a t i o n   No.  1 6 1 7 / 1 9 8 1 ,   and  h i g h e r   a l c o h o l s '  

s u l f a t e s ,   h i g h e r   a l k y l s u l f   o n a t e s ,   a l k y l b e n z e n e s u l f   o n a t e s ,  

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

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

and  t h e   l i k e . .  

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

a g e n t   i n c l u d e   t h o s e   c o m p o u n d s   d i s c l o s e d   i n ,   e . g . ,   J a p a n e s e  

P a t e n t   E x a m i n e d   P u b l i c a t i o n   Nos.   9 3 9 3 / 1 9 7 2 ,   4 3 1 3 0 / 1 9 7 3 ,  

2 5 0 8 7 / 1 9 7 7   and  1 2 3 0 / 1 9 8 2 ,   J a p a n e s e   P a t e n t   O . P . I .   P u b l i c a t i o n  

NOS.  4 6 7 3 3 / 1 9 7 4 ,   1 6 5 2 5 / 1 9 7 5 ,   3 4 2 3 3 / 1 9 7 5 ,   3 2 3 2 2 / 1 9 7 6 ,  

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

3 4 8 5 6 / 1 9 8 1 ,   1 1 3 4 1 / 1 9 8 2 ,   2 9 6 9 1 / 1 9 8 2 ,   6 4 2 2 8 / 1 9 8 2 ,   1 4 6 2 4 8 / 1 9 8 2 ,  

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

1 0 9 5 4 8 / 1 9 8 5   and  1 3 6 5 3 4 / 1 9 8 2 ,   U .S .   P a t e n t   Nos .   3 , 5 8 9 , 9 0 6 ,  

3 , 7 7 5 , 1 2 6   and  4 , 2 9 2 , 4 0 2 ,   and  R e s e a r c h   D i s c l o s u r e   1 6 6 3 0 ,   a n d  

t h e   l i k e ,   and  t h o s e   c o m p o u n d s   e x e m p l i f i e d   in  J a p a n e s e   P a t e n t  

O . P . I .   P u b l i c a t i o n   No.  1 6 4 7 3 8 / 1 9 8 5 .  
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P r e f e r r e d   e x a m p l e s   of  t h 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  

w i l l   be  g i v e n   in  t h e   f o l l o w i n g   l - l   t h r o u g h   1 - 1 0 .  

1 - 1   ( M U O - S O a N a  

1 - 2  

CBH,  7  —  < f \ - S 0 , N a  

1  -   3  

C M H 2 3 - / ~ V - 0 S 0 3 N a  

1 - 4  
CH3  CH3 

CH  3  -   CH  2  -   CH  -   CH  -   CH  -   C  - ^ ^ - S O   3  Na 

CH3  CH3 

1 - 5  
CH2  -COOCbH,  7 
I 

Na03S-CH-COOC5H,   , 

. 1 - 6   C s H , , - C O N - C H 2 C H a S O a N a  
I 
CH3 

1 - 7   C<HBCON-CH2COONa 
I 
CH3 

1 - 8   CeHI7COOCH2-CH-.CH2OS03Na 
I 
OH 

1 - 9   C B H , 3 - C H a - C O O H  
I 
S03Na 
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1 - 1 0   C2H5 

CH2-C00CH2CH-C<H9 
I 

N a 0 3 S - C H - C O O C H 2 C H - C 4 H 9  
[ 
C2IIS 
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P r e f e r r e d   e x a m p l e s   of  t h e   f l u o r i n e - c o n t a i n i n g   s u r f a c e  

i c t i v e   a g e n t s   w i l l   be  g i v e n   in  t he   f o l l o w i n g   2-1  t h r o u g h   2 - 8 2 .  

2 - 1   C3F50(CH2CH20)2oC12H25 

2 - 2   C3F50.(CH2CH20)5C3Fs 

•  2 - 3   C6F ,30 (CH2CH20) ,oCJ !9  

2 - 4   CgFI30(CH2CH20)2oC6H13 

2 - 5   CGFl30(CH2CH20)7CH3 

2 - 6   C9F170(CH2CH20)2oCH3 

2 - 7   c3H7 

C7F,  sCON  -f-CH2CH20  } r f   CH2  - h - S 0 3 N a  

2 - 8   CH3 

CGFi  3SO2N—  f-  CH2CH2O  -)-r(-  CH2  -7T-S03Na 
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I  -   9  

? n O - f ) - S  

C3H7 
1 

>02N  -{-CH2CH20  - M -   CH2  -7-tS03 

2 - 1 0  

:sVi  7o(uh2i:h2iu  2 c - ^   ^ - t n 3  

2 - 1 1  

:6FI3(CH2CH20) ,  

2  - 1 2   C s F l 3 0 ( C H 2 C H 2 0 ) - N - C B H I 3  

CH3 

2 - 1 3  

C 6 F I 3 0 ( C H 2 C H 2 0 ) 2 o - S - < ^ J >  

2 - 1 4   CBF130(CH2CH20)^o-C18H35 

2 - 1 5   C 9 F 1 7 0 ( C H 2 C H 2 0 ) , o - H  

2 - 1 6   CI2F23(CH2CH20)  50  - C H 3  

2 - 1 7   C6FII0(CH2CH20)2O(CHCH20)3CH3 
.1 

2  - 1 8  Oil 

C l o F , 2 C H 2 C H C H 2 0 ( C H 2 C H 2 0 ) 2 o - < ^ J > - C 9 H . 9  
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0 2 4 8 3 9 0  

2 - 1 9   Oil 

C9F,9CH2CHCH20(C2H<0)IOCH3 

2 - 2 0   C3H7  0 
I  II 

CsF.aSOjN-fCHaCHaO  ^ i C - C H  

C3H7  0 
I  II 

CBFl3S02N-f   CH2CH20  -hrC-CH2  - S 0 3 N a  

2  - 2 1   CBF,  7  (CH2CH2O  - M -   CH2  -7^S03Na 

2  - 2 2   H - t C F 2 - h C H 2 O ^ C H 2 C H 2 - t r f - C H 2 - h S 0 3 H  

2 - 2 3   C a F . s C O O ^ C H a C H a O - M - C f l a - h S O a K  

2 - 2 4   ch3 

CBF,7S0aN- f   CHaCHaO-KS03Na 

2 - 2 5   C , F 9 - f   CH2CH20-KS03Na 

2 - 2 6   ^ I I 7  

C8F,  7S02N  - f   CHaCHaO-hCHaCOONa 

2 - 2 7   Q 
II 

H - f   C F a - h C H a O - f -   CH2CHzO-bP-ONH< 

ONI!  4 
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- 2 8  

2  - 2 9  

2 - 3 0  

: - 3 l  

2 - 3 2  

2 - 3 3  

2  - 3 4  

2 - 3 5  

2  - 3 6  

'3117 
! i ^CH2CH2O^CH2CH2l? (CH3)3   *  C ] I 3 - / _ y - S 0 3 e  

8F  ,  ,S02N  -(-CH2CH20  ^ C H 2 C H 2 - N - C H 2 C 0 0 ~  

:8Fi7(CHatHaO  - n U H 2 L H 2 - N - U H 2 U U U  

I 
:BF17S02N-(-CH2CH20-HH 

:BFl3S03Na 

;BFI7S03Na 

; b f I 3 c o o k  

C«FitS03C00K 

CbFI7S02NCH2C00K 
I 
C3H7 
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2 - 3 7  

2  - 3 8  

2  - 3 9  

2  - 4 0  

2 - 4 1  

2 - 4 2  

2  - 4 3  

2  - 4 4  

2 - 4 5  

F 3 C - ( C F 2 ) 2 - C 0 0 H  

H - ( C F 2 ) 6 - C 0 0 H  

C F 3 - ( C F 2 ) B - C 0 0 N H <  

H - ( C F 2 ) l o - C 0 0 H  

H - ( C F 2 ) 6 - C H 2 - 0 S 0 3 N a  

H - ( C F 2 ) 3 - C H 2 - 0 S 0 3 N a  

H - ( C F 2 ) 6 - C H 2 - 0 - l j ' - 0 H  
OH 
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. 0 2 4 8 3 9 0  

2 - 4 6   / - \  
H -   (CF2)  6  -CH2  - 0 0 C - C H 2 - f   J  

SOoNa 

2 - 4 7   CH3 

F 3 C - ( C F 2 ) s - C O N H - C H 2 - C H 2 - C H r - N - C H 2 - C H 2 - C O O e  

CH3 

2 - 4 8   H - ( C F 2 ) B - C O N H - C H 2 - 0 - S 0 3 N a  

2 - 4 9  
H - ( C F 2 ) 6 - C O M H - C H 2 - C I l 2  

- c i i 2 - o o c - / ~ ~   \  

S03Na 

2 - 5 0  CaHs 0 
t  

F3C—  (CF2}7  - S 0 2   —  N - C H z C H z O - P - O H  

OH 

2 - 5 1   H - ( C F 2 ) G - 0  

^ P - O H  

H - ( C F 2 ) G - 0 /   J  

2 - 5 2   H - ( C F 2 ) B - C H 2 - 0   V  

N - O H  

H - ( C F 2 ) a - C H 2 - 0   
/   J  
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2 - 5 3   F 3 C '  

F3C  • 

2  - 5 6  

2 - 5 7  

C H - 0 - C H 2 - C H 2 - C H 2 - S 0 3 N a  

2 - 5 4   H - ( C F 2 ) 6 - C H 2 - 0 - C H 2 - C H 2 - C H 2 - r - S 0 3 N a  

2 - 5 5   F 3 C - ( C F 2 ) 6 - C H 2 - 0 - C H 2 - C H 2 - C H 2 - S 0 3 N a  

F2C. 

F2  F2 
. C - C v  

•  Fz  F2. 

; C H - 0 - G H 2 - C H 2 - C H 2 - S 0 3 N a  

C2H5 

F 3 C - C - 0 - C H 2 - C H 2 - C H 2 - S 0 3 N a  
I 
C2H5 

2 - 5 8   F 3 C - ( C F 2 ) 2 - C O O - C H 2 - C H 2 - C H 2 - S 0 3 N a  

2 - 5 9   H - ( C F 2 ) l o - C 0 0 - C H 2 - C H 2 - C H 2 - S 0 3 N a  

2  - 6 0  
- C O N H - C H 2 - C F 2 - C H F 2  

S03Na 
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0 2   4 8 3 9 0 "  

2  - 6 1  

2  - 6 2  

2  - 6 3  

2 - 6 4  

2 - 6 5  

2 - 6 6  

2 - 6 7  

2  - 6 8  

7 3 C - ( C F 2 ) 2 - C u u ( - C H 2 C H 2 u ) 7 - C H 3  

? 3 C - ( C F 2 ) 7 - S 0 2 - N ( - C H 2 C H 2 0 ) < H  

C2H5 

« 3 C - ( C F 2 ) 2 - C H 2 0 ( - C H 2 C H 2 0 ) 5 H  

c , 6 h 3 3 - c h - c o n h - c h 2 - c f 2 - i ; h i ' 2   • 

S03H 

F 3 C - ( C F 2 ) 7 - S 0 2 - N - C H 2 C 0 0 t f  
I 
C2Hs 

F 3 C - ( C F 2 ) 7 - S 0 2 - N - C H 2 - C I 1 2 - 0 - S 0 3 H  
t 



I  . r   0 2 4 8 3 9 0  

-  25  -  

H 
^ ( C F 2 ) 6 H  

2 - 7 0   Na03S-CH-COOCH2(CF2CF2)3H 
I 
CH2-C00CH2(CF2CF2)3H 

2 - 7 1   0 
II 

CBF.vSOzNCHzCHzOF-f  0« )2  
.  I 

C2H5 

2 - 7 2   Cll3 

F,  7CBS02NHCH2CH2CH2CH2  -N-CH2CiI2OHBre 

CH3 

2  - 7 3  

H - e C F 2 ) B - C O N H - ^ = = % - C H 2 C O O C H 3   l e  

2 - 7 4  

F ' - C ' K 3 * ^ C 0 H H .  
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) 2 4 8 3 9 0  

2 - 7 5   o 

C  9  F  ,  7  O - ^ ^ - C H   2  O P -   (ONa)  2 

? 
H - f C F 2 ) , o C H 2 O P - ( - - O N a ) z  

2 - 7 7  
0 
II 

C8F,7S02NCH2CH2OP-(ONH<}2 

C3H  7 

2  - 7 8  
CH3  CH3 

C7F«  5CO|!j—  CH2CH2CH2OCH2CIlfN—  CH3  I e  

CH3 

2 - 7 9  
CH3  .  , 

C7Ft  5CONHCH2CH2CH2OCH2Ch!||-CH3  C H 3 H ^ _ J > - S 0 3 e  

CH3 

2 - 8 0   CH3 

CgF,  3 Q - ^ y ^ Q 2 H H C H 2 C H C l i 2 0 - ^ _ ^  

CHa- 

*—  CH2CH?^i—  CH3  C £ e  

CHc 
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J  - 8 1  
Oil 
i 

9F , .CHaCHCHa0( -CH8CHa0) ,o—  LH3 

I  - 8 2  

I s F . v S O a M C H a C H a O f r s H  

CH3 
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C o m m e r c i a l l y   a v a i l a b l e   f l u o r i n e - c o n t a i n i n g   s u r f a c e   a c t i v e  

a g e n t s   i n c l u d e   t h o s e   a v a i l a b l e   in   t h e   t r a d e   name  of   U n i d y n e  

f r o m   D a i k i n   I n d u s t r y   C o . ,   L t d . ,   t h o s e   in  t h e   t r a d e   name  o f  

F l u o r a d   f r o m   3M  ( S u m i t o m o   3M)  . 

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

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

c o m p r i s e   two  or  more   l a y e r s   i n c l u d e ,   f o r   e x a m p l e ,   a n  

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

c o l l o i d a l   l a y e r   and  t h e   l a y e r   a d j a c e n t   to   t h e   t o p m o s t   l a y e r  

c o m p r i s e s   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 .  

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

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

l a y e r   a t   t h e   t i m e   of  c o a t i n g   i s ,   p r e f e r a b l y ,   f r o m   6  :  4  t o  

9  :  1  a n d ,   more   p r e f e r a b l y ,   f r o m   7  :  3  to  9  :  1.  I f   t h e  

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

t h a n   6  and  t h e   w e t - c o a t e d   l a y e r   t h i c k n e s s   r a t i o   of  t h e  

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

l i a b l e   to   c a u s e   s u c h   a  t r o u b l e   as  s t r e a k s ,   b l o t c h e s   and  s o  

f o r t h   a t   t h e   t i m e   of  c o a t i n g .   I f   t he   w e t - c o a t e d   l a y e r  

'■  t h i c k n e s s   r a t i o   of  t h e   e m u l s i o n   l a y e r   e x c e e d s   9,  i t   i s   l i a b l e  

to   c a u s e   s c r a t c h e s   and  b l a c k e n i n g .  

S u b s e q u e n t l y ,   t h e   s i l v e r   h a l i d e   g r a i n s   to  be  u s e d   in  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   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   of  t h i s   i n v e n t i o n   w i l l   be  d e s c r i b e d   b e l o w :  

One  p r e f e r r e d   e m b o d i m e n t   of  t h i s   i n v e n t i o n   i s   s u c h   t h a t  
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t h e   a v e r a g e   g r a i n   s i z e   of  t h e   s i l v e r   h a l i d e   g r a i n s   u s e d   in  t h 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   f r o m   0 . 3 0   to   1 . 2 0 n m ,   m o r e  

p r e f e r a b l y   f r o m   0 . 4 0   to   l . o o u m ,   and  m o s t   p r e f e r a b l y   f r o m   0 . 4 0  

to  0 . 8 0 j i m .  

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

i m p l i e s   t h e   l e n g t h   of  an  edge   of  a  c u b e   e q u i v a l e n t   in  t n e  

v o l u m e   to  t h e   g r a i n ,   and  t h e   a v e r a g e   g r a i n   s i z e   i s   t h e  

a r i t h m e t i c a l   a v e r a g e   of  t h e   g r a i n   s i z e s .  

The  g r a i n   s i z e   d i s t r i b u t i o n   of  t h e   g r a i n s   u s e d   may  b e  

e i t h e r   w i d e r   or  n a r r o w e r .  

The  g r a i n   s i z e   d i s t r i b u t i o n   of  t h e   s i l v e r   h a l i d e   g r a i n s  

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

be  m o n o d i s p e r s e .   The  t e r m   ' m o n o d i s p e r s e   '  u s e d   h e r e i n   means   a  

d i s p e r s e   s y s t e m   t h a t   95%  of  g r a i n s   a r e   w i t h i n   t h e   s i z e   r a n g e  

of  t h e   a v e r a g e   g r a i n   s i z e   +  60%,  and  p r e f e r a b l y   w i t h i n   t h e  

r a n g e   of  +  40%,  w h e r e i n   t h e   a v e r a g e   g r a i n   s i z e   i s   t h e   a v e r a g e  

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

g r a i n s .  

The  s i l v e r   h a l i d e   g r a i n s   in  t h e   e m u l s i o n   l a y e r   may  b e  

e a c h   in  t h e   f o rm  of  a  r e g u l a r   c r y s t a l   s u c h   as  a  c u b i c ,  

o c t a h e d r a l ,   t e t r a d e c a h e d r a l   or  d o d e c a h e d r a l   c r y s t a l ,   or  in  t h e  

fo rm  of  an  i r r e g u l a r   c r y s t a l   s u c h   as  a  s p h e r i c a l   or  t a b u l a r  

c r y s t a l ,   or  in  t h e   c o m p l e x   f o rm  of  t h e s e   c r y s t a l s .   A l s o ,   t h e  

s i l v e r   h a l i d e   g r a i n s   may  a l s o   be  a  m i x t u r e   of  v a r i o u s  

c r y s t a l - l i n e   f o r m s - h a v i n g   g r a i n s .   The  g r a i n   may  a l s o   be  a  
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; o m p o s i t e - t y p e   s i l v e r   h a l i d e   c r y s t a l   f o r m e d   by  c o m b i n i n g   a n  

o x i d i z e d   p r o d u c t   c r y s t a l   s u c h   as  of  PbO  w i t h   a  s i l v e r   h a l i d e  

c r y s t a l   s u c h   as  of  s i l v e r   c h l o r i d e ,   e p i t a x i a l l y   grown  s i l v e r  

l a l i d e   c r y s t a l   ( s u c h   as  one   f o r m e d   by  e p i t a x i a l l y   g r o w i n g  

s i l v e r   i o d o b r o m i d e ,   s i l v e r   i o d i d e ,   e t c .   on  s i l v e r   b r o m i d e ) ,   o r  

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

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

D c t a h e d r a l   s i l v e r   i o d i d e   c r y s t a l .  

A l s o ,   t h e   e m u l s i o n   l a y e r   may  be  of  an  e m u l s i o n   c o n t a i n i n g  

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

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

t h e r e o f   and  t h e   t o t a l   p r o j e c t e d   a r e a   of  t h e   s u p e r - t a b u l a r  

g r a i n s   a c c o u n t s   f o r   no t   l e s s   t h a n   50%  of  t h e   g r a n d   t o t a l  

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

T h i s   m a t t e r   i s   d e s c r i b e d   in   d e t a i l   in   J a p a n e s e   P a t e n t   O . P . I .  

P u b l i c a t i o n   Nos.   1 2 7 9 2 1 / 1 9 8 3   and  1 1 3 9 2 7 / 1 9 8 3 .  

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

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

f o r   a t   l e a s t   80%  by  w e i g h t   or  by  n u m b e r .  

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

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

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

t e t r a d e c a h e d r a l ,   r e g u l a r   o c t a h e d r a l ,   d o d e c a h e d r a l   or  s p h e r i c a l  

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

P h o t o g r a p h i c   S c i e n c e   ( J .   P h o t .   S c i . ) ,   5,  332  ( 1 9 6 1 ) ;   B e r .  

B u n s e n g e s .   P h y s .   Chem.  ,  67,  949  ( 1 9 6 3 ) ,   and  I n t e r n a t i o n a l  

C o n g r e s s   of  P h o t o g r a p h i c   S c i e n c e   of  Tokyo  ( 1 9 6 7 ) ,   and  t h e  

l i k e .   Such   r e g u l a r   s i l v e r   h a l i d e   g r a i n s   may  be  o b t a i n e d   b y  

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

g r a i n s   a r e   g rown   by  use   of  t h e   s i m u l t a n e o u s   m i x i n g   p r o c e s s .  

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

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

n i t r a t e   s o l u t i o n   and  a  h a l i d e   s o l u t i o n   i n t o   an  a q u e o u s  

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

In  t h e   p r a c t i c e   of  t h i s   i n v e n t i o n ,   w h e r e ,   f o r   e x a m p l e ,  

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

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

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

s h o u l d   be  n o t   more   t h a n   a b o u t   5  0%  by  w e i g h t   or  by  n u m b e r .  

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

a c c o u n t   f o r   a t   l e a s t   60  to   7  0%  by  w e i g h t .  

In  p r e p a r i n g   an  e m u l s i o n   h a v i n g   m o n o d i s p e r s e   a n d / o r  

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

of  s i l v e r   and  h a l i d e   i o n s   be  made  so  as  to   h a v e   t h e   g r o w t h  

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

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

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

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



0 2 4 8 3 9 0  

-  32  -  

s x i s t i n g   c r y s t a l l i n e   g r a i n s   as  t h e y   grow  and  w i t h o u t   a l l o w i n g  

the   p r o d u c t i o n   and  g r o w t h   of  new  g r a i n s .   E x a m p l e s   of  t h e  

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

J a p a n e s e   P a t e n t   E x a m i n e d   P u b l i c a t i o n   Nos.   3  6  8 9 0 / 1 9 7   3 ,  

1 6 3 6 4 / 1 9 7 7 ,   and  J a p a n e s e   P a t e n t   O . P . I .   P u b l i c a t i o n   N o .  

1 4 2 3 2 9 / 1 9 8 0 .  

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

h a l i d e   i o n s   so  t h a t   t h e   g r o w t h   r a t e   of  s i l v e r   h a l i d e   g r a i n s   i s  

3  0  to   100%  of   t h e   c r i t i c a l   g r o w t h   r a t e .  

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

pH,  pAg,  t h e   d e g r e e   of  s t i r r i n g ,   t h e   c o m p o s i t i o n   of  s i l v e r  

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

c r y s t a l   h a b i t s ,   or  t h e   t y p e   and  c o n c e n t r a t i o n   of  p r o t e c t i v e  

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

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

a  l i q u i d   p h a s e   s u s p e n d i n g   e m u l s i o n   g r a i n s .  

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

be  u s e d   in   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  

may  be  p r e p a r e d   by  t h e   a p p l i c a t i o n   of  t h o s e   n e u t r a l   p r o c e s s ,  

a c i d i c   p r o c e s s ,   a m m o n i a c a l   p r o c e s s ,   o r d e r l y   m i x i n g   p r o c e s s ,  

i n v e r s e l y   m i x i n g   p r o c e s s ,   d o u b l e - j e t   p r o c e s s ,   c o n t r o l l e d  

d o u b l e - j e t   p r o c e s s ,   c o n v e r s i o n   p r o c e s s ,   c o r e / s h e l l   p r o c e s s   o r  

t h e   l i k e ,   as  d e s c r i b e d   i n ,   e . g . ,   T.  H.  J a m e s ,   ' t h e   T h e o r y   o f  

t h e   P h o t o g r a p h i c   P r o c e s s , *   4 t h   ed .   ,  ( M a c m i l l a n ,   1 9 7 7 ) ;   P .  

G l f k i d e s ,   " C h i m i e   e t   P h y s i q u e   P h o t o g r a p h i q u e ,   •  ( P a u l   M o n t e l ,  
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1 9 6 7 ) ;   G.  F.  D u f f i n ,   ' P h o t o g r a p h i c   E m u l s i o n   C h e m i s t r y , '   ( T h e  

F o c a l   P r e s s ,   1 9 6 6 ) ;   V .L .   Z e l i k m a n   e t   a l ,   ' M a k i n g   and  C o a t i n g  

P h o t o g r a p h i c   E m u l s i o n '   (The  F o c a l   P r e s s ,   1 9 6 4 ) ,   and  t h e   l i k e .  

As  a  d i f f e r e n t   t y p e   of  t h e   d o u b l e - j e t   p r o c e s s ,   t h e  

t r i p p l e - j e t   p r o c e s s   may  a l s o   be  u s e d   in  w h i c h   s o l u b l e   h a l i d e s  

d i f f e r e n t   in  t he   c o m p o s i t i o n   ( e . g . ,   a  s o l u b l e   s i l v e r   s a l t ,  

s o l u b l e   b r o m i d e ,   and  s o l u b l e   i o d i d e )   a r e   s e p a r a t e l y   a d d e d .  

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

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

m i x i n g   p r o c e s s )   may  a l s o   be  u s e d .  

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

m e t h o d   f o r   k e e p i n g   c o n s t a n t   t h e   pAg  of  t h e   l i q u i d   p h a s e   w h e r e  

s i l v e r   h a l i d e   i s   f o r m e d ;   i . e . ,   t h e   s o - c a l l e d   c o n t r o l l e d  

d o u b l e - j e t   p r o c e s s ,   may  a l s o   be  u s e d .  

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

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

can   be  o b t a i n e d .  

In  t h e   f o r m a t i o n   of  s i l v e r   h a l i d e   g r a i n s ,   in   o r d e r   t o  

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

be  u s e d ,   e x a m p l e s "   of  w h i c h   i n c l u d e   a m m o n i a ,   p o t a s s i u m  

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

as  t h o s e   d e s c r i b e d   in  U .S .   P a t e n t   Nos.  3 , 2 7 1 , 1 5 7 ,   3 , 5 7 4 , 6 2 8 ,  

3 , 7 0 4 , 1 3 0 ,   4 , 2 9 7 , 4 3 9 ,   4 , 2 7 6 , 3 7 4 ) ,   t h i o n e   c o m p o u n d s   ( s u c h   a s  

t h o s e   d e s c r i b e d   in  J a p a n e s e   P a t e n t   O . P . I .   P u b l i c a t i o n   N o s .  

1 4 4 3 1 9 / 1 9 7 8 ,   8 2 4 0 8 / 1 9 7 8 ,   7 7 7 3 7 / 1 9 8 0 ) ,   a m i n e   c o m p o u n d s   ( s u c h   a s  
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t h o s e   d e s c r i b e d   in   J a p a n e s e   P a t e n t   O . P . I .   P u b l i c a t i o n   N o .  

1 0 0 7 1 7 / 1 9 7 9 ) ,   and  t h e   l i k e .   Among  t h e s e ,   ammonia   i s  

p r e f e r r e d .  

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

e m u l s i o n s   may  be  u s e d   in   a  m i x t u r e .  

I t   i s   d e s i r a b l e   t h a t   t h e s e   s i l v e r   h a l i d e   g r a i n s   o r  

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

of   t h o s e   s a l t s   ( s o l u b l e   s a l t s )   of  i r i d i u m ,   t h a l i u m ,   p a l l a d i u m ,  

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

t u n g s t e n   and  p l a t i n u m .   The  s a l t   c o n t e n t   of  t h e   e m u l s i o n   i s  

p r e f e r a b l y   f r o m   10  6  to   10  1  m o l e s   p e r   m o l e   of  pAg,  a n d  

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

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

e m u l s i o n .   T h e s e   s a l t s   may  be  u s e d   a l o n e   or   in  a  m i x t u r e ,   a n d  

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

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

of   t h e   p r e s s u r e   d e s e n s i t i z a t i o n ,   p r e v e n t i o n   of  t h e   f a d i n g   o f  

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

e x p e c t e d .  

In  p r a c t i c i n g   t h i s   i n v e n t i o n ,   t h a t   t h e   pAg  in  t h e   m o t h e r  

l i q u i d   c o n t a i n i n g   a  p r o t e c t i v e   c o l l o i d   i s   a t   l e a s t   10 .5   in   t h e  

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

s e n s i t i z a t i o n   can   be  a d o p t e d   as  a  p r e f e r r e d   e m b o d i m 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   t h e   s i l v e r   h a l i d e   g r a i n s   s h o u l d   p a s s  

t h r o u g h   e v e n   o n c e   an  a t m o s p h e r e   h a v i n g   a  pAg  of  n o t   l e s s   t h a n  
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1 1 . 5 .   By  r o u n d i n g   e a c h   of  t h e   g r a i n s   w i t h   t h e   ( 1 1 1 )   f a c e  

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

can  be  r a i s e d   f a r t h e r .   Such   t h e   ( 1 1 1 )   f a c e   of  t h e   g r a i n   i s  

d e s i r a b l e   to  a c c o u n t   f o r   n o t   l e s s   t h a n   5%  of  t h e   e n t i r e   a r e a  

t h e r e o f   . 

In  t h i s   i n s t a n c e ,   t h e   i n c r e a s i n g   r a t e   of  t h e   (111)   f a c e  

( t h e   r a t e   of  t h e   i n c r e a s e d   f a c e   to   t h e   same  f a c e   b e f o r e  

p a s s i n g   t h r o u g h   t h e   pAg  a t m o s h e r e   of  n o t   l e s s   t h a n   1 0 . 5 )   i s  

p r e f e r a b l y   no t   l e s s   t h a n   10%,  and  more   p r e f e r a b l y   f rom  10  t o  

2 0 % .  

D e s c r i p t i o n   of  t h e   j u d g e m e n t   as  to   w h i c h   of  t h e   ( i l l )  

f a c e   and  t h e   (100)   f a c e   c o v e r s   t h e   e x t e r n a l   s u r f a c e   of  t h e  

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

p r o p o r t i o n   of  t h e   f a c e s   can   be  f o u n d   in  t h e   r e p o r t   by  A k i r a  

H i r a t a   in  t h e   ' B u l l e t i n   of  t h e   S o c i e t y   of  S c i e n t i f i c  

P h o t o g r a p h y   of  J a p a n '   No.  13,  pp .   5-15  ( 1 9 6 3 ) .  

W h e t h e r   t h e   (111)   f a c e   h a s   i n c r e a s e d   by  5%  or  a b o v e   o r  

n o t   can   be  e a s i l y   a s c e r t a i n e d   by  t h e   H i r a t a   ' s   m e a s u r e m e n t  

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

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

l e a s t   1 0 . 5 .  

In  t h i s   i n s t a n c e ,   t h e   p o i n t   of  t i m e   when  t h e   a b o v e   pAg  i s  

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

a d d i t i o n   of  2/3  of  t h e   w h o l e   a m o u n t   of  s i l v e r   to  be  a d d e d   a n d  

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

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

s i z e   d i s t r i b u t i o n .  

In  a d d i t i o n ,   t h e   r i p e n i n g   in  t h e   a t m o s p h e r e   of  a  pAg  o f  

a o t   l e s s   t h a n   1 0 . 5   i s   d e s i r a b l e   to   t a k e   p l a c e   f o r   more  t h a n  

two  m i n u t e s .  

U n d e r   s u c h   t h e   pAg  c o n t r o l ,   t h e   ( 1 1 1 )   f a c e   i n c r e a s e s   b y  

no t   l e s s   t h a n   5%  to   t h e r e b y   make  t h e   g r a i n   f o r m   r o u n d ,   w h e r e b y  

t h e   g r a i n   whose   ( 1 1 1 )   f a c e   a c c o u n t s   f o r   n o t   l e s s   t h a n   5%  o f  

t h e   e n t i r e   s u r f a c e   a r e a   t h e r e o f   can   be  o b t a i n e d .  

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

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

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

c o m p r i s e d   of  s t r a t a   of  w h i c h   a r b i t r a r y   two  a d j a c e n t   s t r a t a  

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

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

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

i s   n o t   l e s s   t h a n   10  mole%  and  t h e   a v e r a g e   s i l v e r   i o d i d e  

c o n t e n t   of  t h e   o u t m o s t   s t r a t u m   i s   n o t   more   t h a n   10  mole%,  t h e  

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

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

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

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

s t r a t u m   or  two  more   more   s t r a t a   s u c h   a s ,   f o r   e x a m p l e ,   t h o s e  
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s u p e r p o s e d   in  t h e   f o r m   of  t h r e e ,   f  our   . . .   s t r a t a ,   and  p r e f e r a b l y  

no t   more   t h a n   f i v e   s t r a t a .  

S i l v e r   h a l i d e   f o r   use   in  t h e   f o r m a t i o n   of  t h e   i n t e r n a l  

c o r e   and  c o a t   may  be  s i l v e r   b r o m i d e ,   s i l v e r   i o d o b r o m i d e   o r  

s i l v e r   i o d i d e ,   b u t   may  be  a  m i x t u r e   of  a  s m a l l   a m o u n t   o f  

s i l v e r   c h l o r i d e   t h e r e w i t h .  

To  be  c o n c r e t e ,   t h e   a m o u n t   of  s i l v e r   c h l o r i d e   i s   n o t   m o r e  

t h a n   a b o u t   10  mole%,   and  more  p r e f e r a b l y   no t   more   t h a n   a b o u t   5 

mole%.  -r 

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

or  s i l v e r   i o d o b r o m i d e   ( i o d i d e   c o n t e n t   i s   no t   more   t h a n   10  

m o l e % ) ,   and  may  a l s o   c o n t a i n   l e s s   t h a n   s e v e r a l   mole%  c h l o r i n e  

a t o m s .  

In  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   of  t h i s   i n v e n t i o n ,   t h e  

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

g r a i n s   i s   p r e f e r a b l y   no t   more  t h a n   10  mole%,  and  m o r e  

p r e f e r a b l y   n o t   more   t h a n   6  m o l e % .  

For  e x a m p l e ,   in  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   f o r   use   i n  

r a d i o g r a p h y   or  t h e   l i k e ,   s i n c e   s i l v e r   i o d i d e   may  a g g r a v a t e   t h e  

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

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

h e l d   down  to  a  g i v e n   l i m i t .  

The  s i l v e r   i o d i d e   c o n t e n t   s h o u l d   be  no t   more   t h a n   1 0  

mole%  of  t h e   w h o l e   g r a i n s ,   p r e f e r a b l y   no t   more  t h a n   7  m o l e % ,  

and  mos t   p r e f e r a b l y   no t   more   t h a n   3  m o l e % .  
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Where   t h e   i n t e r n a l   c o r e   i s   c o m p r i s e d   of  s i l v e r   i o d o -  

> romide ,   i t   i s   d e s i r a b l e   to  be  a  h o m o g e n e o u s   s o l i d   s o l u t i o n  

>hase,   w h e r e i n   t h e   ' h o m o g e n e o u s *   w i l l   be  d e s c r i b e d   in   d e t a i l  

> e l o w :  

T h a t   i s ,   i t   i m p l i e s   t h a t ,   w h e r e   p o w d e r y   s i l v e r   h a l i d e  

[ r a i n s   a r e   s u b j e c t e d   to  an  X - r a y   d i f f r a c t i o n   a n a l y s i s ,   t h e  

l a l f   - v a l u e   w i d t h   of  t h e   p e a k   of  t h e   f a c e   i n d e x   of  [ 2 0 0 ]   o f  

s i l v e r   i o d o b r o m i d e   o b t a i n e d   by  u s i n g   Cu-KP  X  r a y s   i s   n o t   m o r e  

;han  A2  =  o . 3 0 ( d e g ) .   In  a d d i t i o n ,   t h e   u s i n g   c o n d i t i o n   of  t h e  

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

j o n i o m e t e r   i s   r e g a r d e d   as  o>  ( d e g / m i n . ) ,   t i m e   c o n s t a n t   a s  

r ( s e c ) ,   and  r e c e i v i n g   s l i t   w i d t h   as  y (mm) ,   i s   e x p r e s s e d   as  wy 

a e i n g   e q u a l   to   or   l e s s   t h a n   1 0 .  

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

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

40  mole%,   and  m o r e   p r e f e r a b l y   f r o m   z e r o   up  to  20  m o l e % .  

The  d i f f e r e n c e   in  t h e   s i l v e r   i o d i d e   c o n t e n t   b e t w e e n  

a d j a c e n t   two  s t r a t a   ( b e t w e e n   a r b i t r a r y   two  s t r a t a   of  t h e   c o a t  

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

l e s s   t h a n   10  mo le%,   more   p r e f e r a b l y   n o t   l e s s   t h a n   20  m o l e % ,  

and  m o s t   p r e f e r a b l y   n o t   l e s s   t h a n   2  5  m o l e % .  

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

o u t m o s t   c o a t   i s   p r e f e r a b l y   f r o m   10  mole%  to  100  m o l e % .  

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

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

i s   more   d e s i r a b l e   t h a t   a l l   t h e   s t r a t a   be  h o m o g e n e o u s   s i l v e r  

i o d o b r o m i d e .  

Such   t h e   h i g h   s i l v e r   i o d i d e   c o n t e n t - h a v i n g   c o a t   ( o r  

i n t e r n a l   c o r e ) ,   in  t h e   c a s e   of  a  n e g a t i v e - t y p 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   d e s i r a b l e   to  be  p r e s e n t   b e l o w   t h e   o u t m o s t  

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

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

in  t h e   i n t e r n a l   or  in  t h e   e x t e r n a l .  

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

p r e f e r a b l y   no t   more  t h a n   10  mole%,   and  more   p r e f e r a b l y   f r o m  

z e r o   up  to   5  m o l e % .  

The  s i l v e r   i o d i d e   c o n t e n t   of  t h e   i n t e r n a l   c o r e   and  t h e  

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

any  of  t h o s e   m e t h o d s   as  d e s c r i b e d   i n ,   e . g . ,   J .   I .   G o l d s t e i n  

and  D.  B.  W i l l i a m s ,   *X-Ray  A n a l y s i s   in  TEM/ATEM,  •  S c a n n i n g  

E l e c t r o n   M i c r o s c o p y   ( 1 9 7 7 ) ,   V o l .   1,  ( I I T   R e s e a r c h   I n s t i t u t e ) ,  

p.  651  (March   1977  )  . 

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

s t r a t a ,   i t   i s   d e s i r a b l e   t h a t   t h e   i n t e r n a l   c o r e   be  of  a  h i g h e r  

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

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

o u t m o s t   c o a t   or  t h e   i n t e r n a l   c o r e   be  of  a  h i g h e r   i o d i d e  



t   U 

i n t e n t   t h a n   t n e   o u t m o s t   c u a t .  

In  o r d e r   to   r e m o v e   t h e   s o l u b l e   s a l t s   f r om  t h e   e m u l s i o n  

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

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

e l l i n g   g e l a t i n   may  be  u s e d   or  t h e   f l o c c u l a t i o n   m e t h o d  

t i l i z i n g   i n o r g a n i c   s a l t s ,   a n i o n i c   s u r f a c t a n t s ,   a n i o n i c  

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

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

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

,s  a l l o w e d   to   be  o m i t t e d .  

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

j h e m i c a l l y   s e n s i t i z e d   s i l v e r   h a l i d e   g r a i n s ;   f o r ,   i f   t h e   g r a i n s  

i re   u n s e n s i t i z e d   o n e s ,   t h e   s e n s i t i v i t y   t h e r e o f   in  i t s e l f   i s   s o  

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

a u s t   h a r d l y   o c c u r .  

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

i i 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   may  be  of  e i t h e r   t h e  

p o s i t i v e   t y p e   or  n e g a t i v e   t y p e .  

Where   i t   i s   of  t h e   n e g a t i v e   t y p e ,   t h e   c h e m i c a l   s e n s i t i -  

z a t i o n   t h e r e o f   i s   d e s i r a b l e   to   be  made  so  t h a t   t h e   s e n s i t i v i t ,  

when  t a k e n   a t   t h e   p o i n t   of  [ f o g   +  0 .13   in  o p t i c a l   d e n s i t y ,   i s  

n o t   l e s s   t h a n   60%  of  t h e   o p t i m u m   s e n s i t i v i t y .  

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

z a t i o n   t h e r e o f   i s   d e s i r a b l e   to   be  made  to  t h e   i n s i d e   of  t h e  

g r a i n   so  t h a t   t h e   s e n s i t i v i t y ,   when  t a k e n   a t   t h e   p o i n t   o f  
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[maximum  d e n s i t y   - 0 . 1 ]   ' i n   o p t i c a l   d e n s i t y ,   i s   n o t   l e s s   t h a n  

60%  of  t h e   maximum  s e n s i t i v i t y .  

For   t h e   c h e m i c a l   s e n s i t i z a t i o n   any   of  t h o s e   m e t h o d s   a s  

d e s c r i b e d   i n ,   e . g . ,   ' D i e   G r u n d l a g e n   d e r   P h o t o g r a p h i s c h e n  

P r o z e s s e   m i t   S i l b e r h a l o g e n i d e n ,   •  e d i t e d   by  H.  F r i e s e r ,  

( A k a d e m i s c h e   V e r a g a e s e l l s c h a f   t  ,  1 9 6 8 ) ,   pp .   6 7 5 - 7 3 4 ,   may  b e  

u s e d   . 

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

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

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

m e r c a p t o   c o m p o u n d s ,   r h o d a n i n e s ;   t h e   r e d u c t i o n   s e n s i t i z a t i o n  

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

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

s i l a n e   c o m p o u n d s ;   t h e   n o b l e - m e t a l   s e n s i t i z a t i o n   m e t h o d   w h i c h  

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

c o m p l e x   s a l t s   of  t h e   m e t a l s   b e l o n g i n g   to   Group   V I I I   of  t h e  

p e r i o d i c   t a b l e   of  e l e m e n t s ,   s u c h   as  P t ,   I r ,   Pd,  e t c . ;   and  t h e  

l i k e ,   may  be  u s e d   a l o n e   or  in  c o m b i n a t i o n .  

C o n c r e t e   e x a m p l e s   of  t h e s e   m e t h o d s   a r e   d e s c r i b e d   in  U . S .  

P a t e n t   Nos.  1 , 5 7 4 , 9 4 4 ,   3 , 4 1 0 , 6 8 9 ,   2 , 2 7 8 , 9 4 7 ,   2 , 7 2 8 , 6 6 8 ,   a n d  

3 , 6 5 6 , 9 5 5   f o r   t h e   s u l f u r   s e n s i t i z a t i o n ;   U .S .   P a t e n t   N o s .  

2 , 9 8 3 , 6 0 9 ,   2 , 4 1 9 , 9 7 4   and  4 , 0 5 4 , 4 5 8   f o r   t h e   r e d u c t i o n  

s e n s i t i z a t i o n ;   and  U .S .   P a t e n t   Nos.   2 , 5 9 9 , 0 8 3   and  2 , 4 4 8 , 0 6 0 ,  

and  B r i t i s h   P a t e n t   No.  6 1 8 , 0 6 1   f o r   t h e   n o b l e - m e t a l   s e n s i t i -  

z a t i o n .  
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S t i l l   a n o t h e r   p r e f e r r e d   e m b o d i m e n t   of  t h i s   i n v e n t i o n   i s  

:he  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   c o n t a i n i n g   a t   l e a s t   one   s e n s i t i z i n g   dye  s e l e c t e d  

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

f o l l o w i n g   F o r m u l a s   [ 13 ,   [ I I ]   and  [ I I I 3 .  

I f   an  e m b o d i m e n t   u s i n g   any  of  t h o s e   c o m p o u n d s   of  F o r m u l a s  

[ I ] ,   [ I I ]   and  [ I I I ]   i s   a d o p t e d ,   t h e   l i g h t - s e n s i t i v e   e m u l s i o n  

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

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

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

e m u l s i o n s ,   s i n c e   t h e y   u se   h i g h l y   s e n s i t i v e   l a r g e - s i z e   g r a i n s  

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

been   p o o r   in   t h e   c h a r a c t e r i s t i c   a g a i n s t   t he   p r e s s u r e  

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

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

s e n s i t i z e d   by  t h e   dye   s e n s i t i z a t i o n ,   a l l o w s   to   make  t he   g r a i n  

s i z e   of  t h e   s i l v e r   h a l i d e   u s e d   s m a l l e r .   As  a  r e s u l t ,   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   c an   be  i m p r o v e d   f u r t h e r  

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

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

F o r m u l a s   [13 ,   [ I I I   and  [ I I I 3   a r e   as  f o l l o w s :  
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F o r m u l a   [ I ]  

R2 

R«  ( X D n - ,   Ra 

w h e r e i n   Rlf  R2  and  R3  e a c h   i s   a  s u b s t i t u t e d   or  u n s u b s t i t u t e d  

a l k y l ,   a l k e n y l   or  a r y l   g r o u p ,   p r o v i d e d   t h a t   a t   l e a s t   one  o f  

t h e   R1  and  R3  i s   a  s u l f o a l k y l   or  c a r b o x y a l k y l   g r o u p ;   Xj  i s   a n  

a n i o n ;   Z1  and  Z2  e a c h   i s   a  g r o u p   of  n o n m e t a l l i c   a t o m s  

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

c a r b o c y c l i c   r i n g ;   and  n  i s   1  or  2,  p r o v i d e d   t h a t   n  i s   1  w h e n  

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

F o r m u l a   [ I I ]  

R*  ( X D n - ,   Rs 

w h e r e i n   R4  and  R5  e a c h   i s   a  s u b s t i t u t e d   or  u n s u b s t i t u t e d  

a l k y l ,   a l k e n y l   or  a r y l   g r o u p ,   p r o v i d e d   t h a t   a t   l e a s t   any  o n e  

of  t h e   R4  and  R5  i s   a  s u l f o a l k y l   or  c a r b o x y a l k y l   g r o u p ;   R6  i s  

a  h y d r o g e n   a tom  or  a  l o w e r   a l k y l   or  a r y l   g r o u p ;   X2  is   a n  

a n i o n ;   Z1  and  Z2  e a c h   i s   a  g r o u p   of  n o n m e t a l l i c   a t o m s  

n e c e s s a r y   to  c o m p l e t e   a  s u b s t i t u t e d   or  u n s u b s t i t u t e d  
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; a r b o c y c l i c   r i n g ;   and  n  i s   1  o r   2,  p r o v i d e d   t h a t   n  i s   l  w n e n  

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

F o r m u l a   [ I I I ]  

R7  "  "  R0 

w h e r e i n   R?  and  R9  e a c h   i s   a  s u b s t i t u t e d   or  u n s u b s t i t u t e d   l o w e r  

a l k y l   g r o u p ;   Rg  and  R10  e a c h   i s   a  l o w e r   a l k y l ,   h y d r o x y a l k y l ,  

s u l f o a l k y l   or  c a r b o x y a l k y l   g r o u p ;   X3  i s   an  a n i o n ;   Z1  and  Z2 

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

s u b s t i t u t e d   or  u n s u b s t i t u t e d   c a r b o c y c l i c   r i n g ;   and  n  i s   1  o r  

2,  p r o v i d e d   t h a t   n  i s   l  when  an  i n t r a m o l e c u l a r   s a l t   i s   f o r m e d .  

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

or  Z2  i s   d e s i r a b l e   to   be  an  a r o m a t i c   r i n g   s u c h   as  a  s u d -  

s t i t u t e d   or  u n s u b s t i t u t e d   b e n z e n e   r i n g   or  n a p h t h a l e n e   r i n g .  

The  a l k y l   g r o u p   r e p r e s e n t e d   by  t h e   R±,  R2  or   R3  may  be  a  

b r a n c h e d   o n e ,   and  more   p r e f e r a b l y   i s   an  a l k y l   g r o u p   h a v i n g   n o t  

m o r e   t h a n   10  c a r b o n   a t o m s ,   and  may  have   a  s u b s t i t u e n t .  

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

a m i n e   ( p r i m a r y ,   s e c o n d a r y   and  t e r t i a r y )   r e s i d u e s ,   a l k o x y ,  

a r y l o x y ,   h y d r o x y ,   a l k o x y c a r b o n y l   ,  a c y l o x y ,   a c y l ,   a m i n o -  

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

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

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

p r o p y l ,   m e t h y l s u l f   o n y l e t h y l   ,  p - t e r t - b u t y l p h e n o x y e t h y l   , 

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

s u l f o b e n z y l ,   2 - h y d r o x y - 3 - s u l f   o p r o p y l   ,  e t h o x y c a r b o n y l e t h y l   , 

2  ,  3 - d i s u l f   o p r o p o x y p r o p y l   ,  s u l f   o p r o p o x y e t h o x y e t h y l   ,  t r i -  

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

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

a c e t o x y e t h y l   ,  b e n z o y l o x y p r o p y l   ,  c h l o r o e t h y l , '   m o r p h o l i n o e t h y l   , 

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

t h e   l i k e   g r o u p s .  

The  a l k e n y l   g r o u p   r e p r e s e n t e d   by  t h e   P^,  R2,  R3  or  R4  i s  

p r e f e r a b l y   an  a l k e n y l   g r o u p   h a v i n g   n o t   more  t h a n   10  c a r b o n  

a t o m s ,   s u c h   as  an  a l l y l ,   2 - b u t e n y l ,   2 - p r o p i n y l   or  t h e   l i k e  

g r o u p .  

The  a r y l   g r o u p   r e p r e s e n t e d   by  t h e   R ^   R2,  Rg  or  R4  i s ,  

f o r   e x a m p l e ,   a  p h e n y l ,   c a r b o x y p h e n y l   ,  s u l f o p h e n y l   or  t h e   l i k e  

g r o u p .  

The  a n i o n   r e p r e s e n t e d   by  t h e   X~  of  F o r m u l a   [13  i s ,   f o r  

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

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

s u l f o n i c   a c i d   i o n ,   e t h y l s u l f   u r i c   a c i d   i o n ,   or  t h e   l i k e .  

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

h a v i n g   F o r m u l a   [ 1 3 :  
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( E x e m p l i f i e d   c o m p o u n d s )  

(  1  )  

( 2   )  

( 3   )  

( 4   )  

HaC- 

H a C  

=CH—  CH  =  CR—  < 

C2H5 CCII2)3S03" 

( ^ f   \ = C H —   CH  =  C H -  

I 
C2Hs 

C2H5 

\ = C H —   CH=C1I—  ̂  

N 
I 
C2H  5 (CHO+SOa" 

^ > = C H —   CH  =  CH 

C2H5 

CH2CH2COOH CH2CH2OCIUCII3SOa 
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(  5  )  

ClUCHiOH 
I 

(CH2)aS03Na  (CH2)+S03- 
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( H )  

( 1 5 )  

( 1 6 )  

C2H5 

:h—  CH  =  CH—  < 

C2H5 (CH2)  +  S03" 

: o n ( c s h 5 ) s  

=CH-CH  =  CH- 

C  ?.  H  5 

o c > c h - c h = c K n x x :  

'N 
I 
C2H6 ;H2CH2S(CH2)3S0a~ 

CH2CH20CH2CH20H 

> C H - C H   =  CH-<  I  I 

Cc i i 2 ;3 so3h  (CH2)aS03 



0 2 4 8 3 9 0  

( 1 7 )  
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( 2 1 )  

( 2 2 )  

( 2 3 )  

( 2 4 )  

V C H —   CH  =  CH- 

Cz  H  5 

^   ^sos 

(CH8)4S03- 

C*  Ha 

:CH--CH  =  CH- 

C+H„ (Cl l2 ) ,S0n-  
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( 2 5 )  

( 2 6 )  

C4- 

IK 
=CH—  CH=CH—  <^  |j 

(CH2)3S03H (CHOsSOd 

( 2 7 )  
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In  F o r m u l a   [ I I I ,   t h e   Rg  i s   a  h y d r o g e n   a t o m ,   a  l o w e r   a l k y l  

g r o u p   or  an  a r y l   g r o u p .   The  l o w e r   a l k y l   g r o u p s   i n c l i d e ,   f o r  

e x a m p l e ,   a  m e t h y l ,   e t h y l ,   p r o p y l ,   b u t y l   or  t h e   l i k e   g r o u p .  

The  a r y l   g r o u p s   i n c l u d e ,   f o r   e x a m p l e ,   a  p h e n y l   g roup . .   The  R4 

and  R5  r e p r e s e n t   t h o s e   e a c h   d e n o t e d   by  t h e   R2  and  R 3 ,  

r e s p e c t i v e l y ,   in   t h e   f o r e g o i n g   F o r m u l a   [ I I .  

The  a n i o n   r e p r e s e n t e d   by  t h e   a l s o   r e p r e s e n t s   t h o s e  

e a c h   d e n o t e d   by  t h e   X~  of  F o r m u l a   [ I ]   . 

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

c o m p o u n d s   e a c h   h a v i n g   F o r m u l a   [ I I ]   : 
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S u b s e q u e n t l y ,   in  F o r m u l a   [ I I I ]   ,  t h e   l o w e r   a l k y l   g r o u p  

r e p r e s e n t e d   by  t h e   R?  or   R9  i n c l u d e ,   f o r   e x a m p l e ,   a  m e t h y l ,  

e t h y l ,   p r o p y l ,   b u t y l   or  t h e   l i k e   g r o u p .   The  s u b s t i t u t e d   l o w e r  

a l k y l   g r o u p   r e p r e s e n t s   o n e s ,   w h o s e   a l k y l   p o r t i o n   has   f r o m   1  t o  

4  c a r b o n   a t o m s ,   o u t   of  t h o s e   d e n o t e d   by  t h e   R±  t h r o u g h   R3  o f  

F o r m u l a   [ I I .   The  l o w e r   a l k y l   g r o u p   d e n o t e d   by  t h e   Rg  or  R10  

r e p r e s e n t s   t h e   same  o n e s   e a c h   d e n o t e d   by  t h e   R?  or  R9.  T h e  

h y d r o x y a l k y l   g r o u p ,   s u l f o a l k y l   g r o u p ,   and  c a r b o x y a l k y l   g r o u p  

d e n o t e d   by  t h e   Rg  or  R10  r e p r e s e n t   t h o s e   e a c h   d e n o t e d   by  t h e  

Rx  t h r o u g h   R3  of  F o r m u l a   [ I I .  

The  a n i o n s   d e n o t e d   by  t h e   X~  a l s o   r e p r e s e n t   t h o s e   e a c h  

d e n o t e d   by  t h e   X ~ .  

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

c o m p o u n d s   e a c h   h a v i n g   F o r m u l a   [ I I I ]   : 
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( E x e m p l i f i e d   c o m p o u n d s )  
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In  t h e   p r e s e n t   i n v e n t i o n ,   a  t o t a l   a m o u n t   of  t h e s e  

i m p o u n d s   h a v i n g   F o r m u l a s   E l l ,   [ I I I   and  [ I I I ]   i s   to   be  w i t h i n  

:he  r a n g e   of  f r o m   10  mg  to  900  mg  p e r   mo le   of  s i l v e r   h a l i d e ,  

ind  p a r t i c u l a r l y   p r e f e r a b l y   f r o m   60  mg  to  600  m g .  

Any  of  t h e s e   c o m p o u n d s   of  F o r m u l a s   [13 ,   [113  and  [ I I I 3  

nay  be  a d d e d   to   any  d i s c r e t i o n a l   p o s i t i o n s   in  t h e   c o u r s e   o f  

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

: ime  b e f o r e ,   in  t h e   m i d s t   o f ,   or  a f t e r   c o m p l e t i o n   of  t h e  

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

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

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

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

j e i n g   f o g g e d   or  of  s t a b i l i z i n g   t h e   p h o t o g r a p h i c   c h a r a c t e r -  

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

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

t fh ich   c o m p o u n d s   to   be  i n c o r p o r a t e d   i n c l u d e   a z o l e s   s u c h   a s  

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

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

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

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

l - p h e n y l - 5 - m e r c a p t o t e t r a z o l e   and  t h e   l i k e ;   m e r c a p t o -  

p y r i m i d i n e s ;   m e r c a p t o t r i a z i n e s ;   t h i o k e t o   c o m p o u n d s   s u c h   a s  

o x a z o l i n e t h i o n e ;   a z a i n d e n e s   s u c h   as  t r i a z a i n d e n e s ,   t e t r a -  

z a i n d e n e s   and ,   p r e f e r a b l y ,   4 - h y d r o x y - s u b s t i t u t e d ( l , 3 , 3 a , 7 ) -  
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t e t r a z a i n d e n e s ,   p e n t a z a i n d e n e s   and  t h e   l i k e ;   b e n z e n e t h i o -  

s u l f o n i c   a c i d ,   b e n z e n e s u l f   i n i c   a c i d ,   b e n z e n e s u l f   o n i c   a c i d  

a m i d e   and  t h e   l i k e ;   t h e y   a r e   known  as  a n t i f o g g a n t s   o r  

s t a b i l i z e r s .  

For   more   d e t a i l s ,   a  r e f e r e n c e   c a n   be  made  to  E.  J .   B i r r ,  

' S t a b i l i z a t i o n   of  P h o t o g r a p h i c   S i l v e r   H a l i d e   E m u l s i o n s ' ,   F o c a l  

P r e s s   1 9 7 4 .  

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

s a l t s   d e s c r i b e d   i n ,   f o r   e x a m p l e ,   U . S .   P a t e n t   Nos.   2 , 1 3 1 , 0 3   8 ,  

2 , 6 9 4 , 7 1 6 ,   e t c . ;   t h o s e   a z a i n d e n e s   d e s c r i b e d   in  U.S .   P a t e n t  

Nos .   2 , 8 8 6 , 4 3 7 ,   2 , 4 4 4 , 6 0 5 ,   e t c . ;   t h o s e   u r a z o l e s   d e s c r i b e d   i n  

U . S .   P a t e n t   No.  3 , 2 8 7 , 1 3   5;  t h o s e   s u l f   o c a t e c h o l s   d e s c r i b e d   i n  

U . S .   P a t e n t   No.  3 , 2 3 6 , 6 3 2 ;   t h o s e   o x i m e s   d e s c r i b e d   in  B r i t i s h  

P a t e n t   No.  6 2 3 , 4 4   8;  t h o s e   m e r c a p t o t e t r a z o l e s   d e s c r i b e d   in  U . S .  

P a t e n t   Nos .   2 , 4 0 3 , 9 2 7 ,   3 , 2 6 6 , 8 9 7 ,   3 , 3 9 7 , 9 8 7 ,   e t c . ;   n i t r o n ;  

n i t r o i n d a z o l e s ;   t h o s e   p o l y v a l e n t   m e t a l   s a l t s   d e s c r i b e d   in  U . S .  

P a t e n t   No.  2 , 8 3 9 , 4 0 3 ;   t h o s e   t h u r o n i u m   s a l t s   d e s c r i b e d   in  U . S .  

P a t e n t   No.  3 , 2 2 0 , 8 3   9;  and  t h o s e   s a l t s   of  p a l l a d i u m ,   p l a t i n u m  

and   g o l d   d e s c r i b e d   in   U . S .   P a t e n t   Nos.   2 , 5 6 6 , 2 6 3 ,   2 , 5 9 7 , 7 1 5 ,  

e t c . ;   and  t h e   l i k e .  

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

c o n t a i n   in  t h e   h y d r o p h i l i c   c o l l o i d   l a y e r   t h e r e o f   a  w a t e r -  

s o l u b l e   dye  as  a  f i l t e r   d y e ,   a n t i i r r a d i a t i o n   dye  o r  

a n t i h a l a t i o n   dye  or  f o r   v a r i o u s   o t h e r   p u r p o s e s .   E x a m p l e s   o f  

s u c h   d y e s   i n c l u d e   o x o n o l   d y e s ,   h e m i o x o n o l   d y e s ,   s t y r y l   d y e s ,  
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m e r o c y a n i n e   d y e s ,   c y a n i n e   d y e s   and  azo  a y e s .   among  t n e & e  

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

h e m i o x o n o l   d y e s   and  m e r o c y a n i n e   d y e s .  

In  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   of  t h i s   i n v e n t i o n ,   w h e r e  

the   h y d r o p h i l i c   c o l l o i d   l a y e r   t h e r e o f   c o n t a i n s   a  dye   o r  

u l t r a v i o l e t   a b s o r b i n g   a g e n t ,   i t   may  be  m o r d a n t e d   by  a  c a t i o n i c  

p o l y m e r   or  t h e   l i k e   t h e r e f o r .  

As  f o r   s u c h   d y e s ,   " A b s o r b i n g   and  F i l t e r   Dyes   •  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   v o l .   176,   pp .   2 3 - 2 6 ,   may  a l s o   be  u s e d .  

For   t h e   p u r p o s e   of  i n c r e a s i n g   s e n s i t i v i t y   a n d / o r   c o n t r a s t  

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

of  a  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   of  t h i s   i n v e n t i o n ,  

may  c o n t a i n ,   f o r   e x a m p l e ,   p o l y a l k y l e n e   o x i d e s   or  t h e  

d e r i v a t i v e s   t h e r e o f   s u c h   as  t h e   e t h e r s ,   e s t e r s   or   a m i n e s  

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

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

d e r i v a t i v e s ,   i m i d a z o l e   d e r i v a t i v e s ,   3 - p y r a z o l i d o n e s ,   or  t h e  

l i k e .  

G e l a t i n   may  be  a d v a n t a g e o u s l y   u s e d   as  t h e   b i n d e r   o r  

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

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

and  t h e   l i k e   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 s   of  t h i s  

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

t h a n   g e l a t i n   may  a l s o   be  u s e d   a l o n e   or  in  c o m b i n a t i o n   w i t h  

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

g e l a t i n   may  be  e i t h e r   l i m e d   or  a c i d - t r e a t e d   o n e .   D e t a i l s   o f  

t h e   m a n u f a c t u r e   of  g e l a t i n   a r e   f o u n d   in  A r t h u r   V i s e ,   t h e  

• M a c r o m o l e c u l a r   C h e m i s t r y   of  G e l a t i n *   ( A c a d e m i c   P r e s s ,   1 9 6 4 ) .  

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

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

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

e t c . ;   c e l l u l o s e   d e r i v a t i v e s   s u c h   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 b o x y m e t h y l   c e l l u l o s e ,   c e l l u l o s e   s u l f a t e s ,   e t c . ,   and  s u g a r  

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

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

i n c l u d i n g   homo-   or  c o - p o l y m e r s   s u c h   as  p o l y v i n y l   a l c o h o l s ,  

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

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

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

t h e   l i k e .  

The  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   of  t h i s  

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

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

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

c h r o m i u m   s a l t s   s u c h   as  c h r o m e   a l u m ,   c h r o m i u m   a c e t a t e ;  

a l d e h y d e s   s u c h   as  f o r m a l d e h y d e ,   g l y o x a l ,   g l u t a r a l d e h y d e   ; 

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

m e t h y l - h y d a n t o i n ;   c l o x a n e   d e r i v a t i v e s   s u c h   as  2 , 3 -  

d i h y d r o x y d i o x a n e ;   a c t i v e   v i n y l   c o m p o u n d s   s u c h   as  1 , 3 , 5 -  
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t r i a c r y l o y l - h e x a h y d r o - 2 - t r i a z i n e ,   1,  3 - v i n y l s u l f   o n y l - 2 -  

p r o p a n o l ;   a c t i v e   h a l o g e n   c o m p o u n d s   s u c h   as  (2,   4 - d i c h l o r o -  

6 - h y d r o x y - 3 - t r i a z i n e )   ,  m u c o h a l o g e n i c   a c i d s   s u c h   as  m u c o c h l o r i c  

a c i d ,   m u c o p h e n o x y c h l o r i c   a c i d ;   and  t h e   l i k e .   T h e s e   may  be  u s e d  

i n d e p e n d e n t l y   or   in  c o m b i n a t i o n .  

The  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   of  t h i s  

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

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

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

p u r p o s e   of  i m p r o v i n g   d i m e n s i o n a l   s t a b i l i t y   or  t h e   !  l i k e ,  

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

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

( m e t h ) a c r y l a t e s ,   ( m e t h ) a c r y l a m i d e s ,   v i n y l   e s t e r s   s u c h   as  v i n y l  

a c e t a t e ;   a c r y l   n i t r i l e ,   o l e f i n s ,   s t y r e n e s . ,   and  t h e   l i k e ,   w h i c h  

may  be  u s e d   a l o n e   or  in  c o m b i n a t i o n ,   and  a l s o   i n c l u d e   p o l y m e r s  

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

any  of  t h e s e   m a t e r i a l s   w i t h   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 ,  

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

( m e t h ) a c r y l a t e s ,   
'  

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

a c i d ,   and  t h e   l i k e .  

In  t h e   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   of  t h i s   i n v e n t i o n ,   a  p r o t e c t i v e   l a y e r   may  be  s u i t a b l y  

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

l a y e r ,   f o r   w h i c h   h y d r o p h i l i c   c o l l o i d   may  be  u s e d   t h o s e  

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

The  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  

of  t h i s   i n v e n t i o n   may  c o n t a i n   in   t h e   e m u l s i o n   l a y e r   o r  

p r o t e c t i v e   l a y e r ,   p r e f e r a b l y   in  t h e   p r o t e c t i v e   l a y e r ,   a  

m a t t i n g   a g e n t   a n d / o r   s m o o t h i n g   a g e n t .   S u i t a b l y   u s a b l e  

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

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

m e t h a c r y l a t e   h a v i n g   a p p r o p r i a t e   g r a i n   s i z e s   (of   f r o m   0 .3   t o  

5  urn,  or  of  n o t   l e s s   t h a n   t w i c e   t h e   t h i c k n e s s   of  t h e   p r o t e c t i v e  

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

t h i c k n e s s )   or  i n o r g a n i c   c o m p o u n d s   s u c h   as  s i l v e r   h a l i d e ,  

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

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

a g e n t   in  p r e v e n t i n g   s t i c k i n g   t r o u b l e   b u t   a l s o   i s   e f f e c t i v e   i n  

i m p r o v i n g   t h e   f r i c t i o n   p r o p e r t y   in  c o n n e c t i o n   w i t h   t h e  

a d a p t a b i l i t y   of  m o v i e   f i l m   to  m o v i e   c a m e r a s   or  p r o j e c t o r s .  

U s e f u l   e x a m p l e s   of   t h e   s m o o t h i n g   a g e n t   i n c l u d e   w a x e s   s u c h   a s  

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

h y d r o c a r b o n s   or  d e r i v a t i v e s   t h e r e o f ,   p o l y a l k y l - p o l y s i l o x a n e s ,  

p o l y a r y l - p o l y s i l o x a n e s ,   p o i y a l k y l a r y l - p o l y s i l o x a n e s   ,  s i l i c o n e s  

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

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

The  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   of  t h i s  

i n v e n t i o n   may , ,   i f   n e c e s s a r y ,   use   v a r i o u s   o t h e r   a d d i t i v e s ,   s u c h  

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

l i k e .   To  be  c o n c r e t e ,   t h o s e   as  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 ,   v o l .   176,   pp .   2 2 - 3 1   ( R D - 1 7 6 4 3 ,   1 9 7 8 )   may  be  u s e d .  

The  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 s  

of  t h i s   i n v e n t i o n   may  f u r t h e r   be  p r o v i d e d ,   i f   n e c e s s a r y ,   w i t h  

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

f i l t e r   l a y e r ,   and  t h e   l i k e .  

The  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   of  t h i s  

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

l a y e r s   and  o t h e r   l a y e r s   t h e r e o f   c o a t e d   on  one   s i d e   of  or  b o t h  

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

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 .   U s e f u l   m a t e r i a l s   f o r  

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

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

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

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

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

c o p o l y m e r ) ,   or  t h e   l i k e .   The  s u p p o r t   may  be  c o l o r e d   w i t h   a  

dye  or  a  p i g m e n t .   The  s u r f a c e   of  t h e   s u p p o r t   i s   g e n e r a l l y  

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

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

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

i r r a t i a t i o n ,   f l a m e   t r e a t m e n t   or  t h e   l i k e ,   b e f o r e   or  a f t e r   t h e  

s u b b i n g   t r e a t m e n t .   To  be  c o n c r e t e ,   t h o s e   as  d i s c l o s e d   i n  
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L e s e a r c h   D i s c l o s u r e   v o l .   176,   p.  25,  I t e m   ' S u p p o r t s '   may  b e  

t s e d .  

In  t h 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   of   t h i s  

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

> h i l i c   c o l l o i d   l a y e r s   may  be  c o a t e d   on  a  s u p p o r t   or  on  o t h e r  

. a y e r s   by  any   of  v a r i o u s   c o a t i n g   m e t h o d s ,   s u c h   as  t h e   d i p p i n g  

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

e x t r u s i o n   c o a t i n g   m e t h o d ,   and  t h e   l i k e .   To  be  more   c o n c r e t e ,  

: h o s e   m e t h o d s   s u c h   as  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   v o l .  

176,  pp .   2 7 - 2 8 ,   I t e m   ' C a s t i n g   P r o c e d u r e s "   may  be  u s e d .  

The  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  

nay  a p p l y ,   t o   be  c o n c r e t e ,   to   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  

S - r a y   u s e ,   l i t h 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 ,   b l a c k -  

a n d - w h i t 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 s ,   c o l o r  

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

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

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

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

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

s e n s i t i v e   m a t e r i a l s ,   and  t h e   l i k e .  

E x p o s u r e   t o   be  made  f o r   o b t a i n i n g   p h o t o g r a p h i c   i m a g e s   m a y  

be  made  in   u s u a l   m a n n e r ;   by  u s i n g   any  of  v a r i o u s   l i g h t   s o u r c e s  

i n c l u d i n g ,   e . g . ,   n a t u r a l   l i g h t   s u c h   as  s u n l i g h t ,   t u n g s t e n  

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

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

as  t h o s e   of  g a s   l a s e r ,   YAG  l a s e r ,   dye  l a s e r ,   s e m i c o n d u c t o r  

l a s e r ,   e t c .   E x p o s u r e   may  a l s o   be  made  to   t h e   l i g h t   e m i t t e d  

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

r a y s ,   and  t h e   l i k e .   E x p o s u r e   t i m e   may  be  much  s h o r t e r   t h a n  

1 / 1 0 0 0   s e c o n d   s u c h   as  1 / 1 0 *   to   1 / 1 0 «   s e c o n d   by  u s i n g ,   e . g . ,   a  

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

s e c o n d ,   n o t   to   s p e a k   of  one  s e c o n d   to  1 / 1 0 0 0   s e c o n d   u s u a l l y  

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

t h e   l i g h t   to   be  u s e d   in  e x p o s u r e   may  be  a d j u s t e d   by  u s i n g   a t  

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

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   of  t h i s   i n v e n t i o n   may  be  c a r r i e d  

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

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

R e s e a r c h   D i s c l o s u r e ,   v o l .   176,   pp.   2 5 - 3 0   ( R D - 1 7 6 4 3 ) .   T h e  

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 s   of  t h e  

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

p u r p o s e s ,   in  any  one  of  t h e   p h o t o g r a p h i c   p r o c e s s e s   f o r  

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

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

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

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

t h e   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 s   o f  

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

in  w h i c h   t h e   w h o l e   p r o c e s s i n g   t i m e   i s   f r o m   20  to   60  s e c o n d s   i n  
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t h e   c a s e   of  u s i n g   an  a u t o m a t i c   p r o c e s s o r .  

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

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

o u t .   T h e r e   may  be  some  i n s t a n c e s   w h e r e   a  w a s h i n g   s t e p   may  b e  

o m i t t e d   i f   a  s t a b i l i z i n g   s t e p   i s   to   be  a p p l i e d   a f t e r   t h e  

c o m p l e t i o n   of   a  d e v e l o p i n g   . s t e p   or  b o t h   of  a  s t o p p i n g   s t e p   a n d  

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

s t e p   w i t h   an  i n d e p e n d e n t   a l k a l i n e   s o l u t i o n ,   p r o v i d e d   t h a t   a  

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

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

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

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

The  b l a c k - a n d - w h i t e   d e v e l o p e r s   w h i c h   may  be  u s e d   in  a  

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

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

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

p r o c e s s e s   a p p l i c a b l e   to  b l a c k - a n d - w h i t 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 s .   They   a r e   a l s o   a l l o w e d   to   c o n t a i n   a  

v a r i e t y   of  a d d i t i v e s   w h i c h   may  g e n e r a l l y   be  a d d e d   t o  

b l a c k - a n d - w h i t e '   d e v e l o p e r s .  

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

a g e n t s   s u c h   as  l - p h e n y l - 3 - p y r a z o l i d o n e ,   M e t o l   and  h y d r o -  

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

a c c e l e r a t o r   c o m p r i s i n g   an  a l k a l i   s u b s t a n c e   s u c h   as  t h o s e '   o f  
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s o d i u m   h y d r o x i d e ,   s o d i u m   c a r b o n a t e ,   p o t a s s i u m   c a r b o n a t e   and  s o  

f o r t h ;   i n o r g a n i c   or  o r g a n i c   i n h i b i t o r s   s u c h   as  p o t a s s i u m  

b r o m i d e ,   2 - m e t h y l b e n z   i m i d a z o l e ,   m e t h y l b e n z t h i a z o l e   and  s o  

f o r t h ;   h a r d - w a t e r   s o f t e n e r s   s u c h   as  a  p o l y p h o s p h a t e ;   s u c h   a n  

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

a m o u n t   of  an  i o d i d e   or  a  m e r c a p t o   c o m p o u n d ;   and  so  f o r t h .  

The  a b o v e - m e n t i o n e d   d e v e l o p e r s   a r e   of  t h e   a q u e o u s  

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

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

a l k y l   h y d r o q u i n o n e   s u c h   as  t - b u t y l   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   and  d i m e t h y l   h y d r o q u i n o n e ;   a  c a t e c h o l ;   a  

p y r a z o l e ;   a  c h l o r o h y d r o q u i n o n e ;   D i c h l o r o h y d r o q u i n o n e ;   a n  

a l k o x y   h y d r o q u i n o n e   s u c h   as  a  m e t h o x y   or  e t h o x y   h y d r o q u i n o n e ;  

an  a m i n o p h e n o l   d e v e l o p i n g   a g e n t   s u c h   as  an  N - m e t h y l - p -  

a m i n o p h e n o l   and  a  2,  4 - d i a m i n o p h e n o l   ;  an  a s c o r b i c   a c i d  

d e v e l o p i n g   a g e n t ;   an  N - m e t h y l - p - a m i n o p h e n o l   s u l f a t e ;   a  

p y r a z o l o n e   s u c h   as  4 - a m i n o p y r a z o l o n e ;   a  3 - p y r a z o l i d o n e  

d e v e l o p i n g   a g e n t   s u c h   as  1  - p h e n y l   - 3 - p y r a z o l i d o n e ,   1 - p h e n y l -  

4 , 4 - d i m e t h y l - 3 - p y r a z o l i d o n e ,   1  - p h e n y l   -5  - m e t h y l   - 3 - p y r a z o l i d o n e ,  

l - p h e n y l - 4 - m e t h y l - 3 - p y r a z o l i d o n e ,   1  ,  5 - d i p h e n y l - 3 - p y r a z o l i d o n e ,  

l - p - t o l y l - 3 - p y r a z o l i d o n e ,   l - p h e n y l - 2 - a c e t y l - 4 ,   4 - d i m e t h y l - 3 -  

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

l - ( 2 - b e n z o t h i a z o l y l )   - 3 - p y r a z o l i d o n e   and  3 - a c e t o x y - i - p h e n y l -  

3 - p y r a z o l i d o n e ;   and  so  f o r t h .  
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Among  t h e   a b o v e ,   a  c o m b i n a t i o n   of  h y d r o q u i n o n e   and  a  

i - p y r a z o l i d o n e   or  an  a m i n o p h e n o l   i s   p a r t i c u l a r l y   u s e f u l   f o r   a  

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

The  d e v e l o p e r s   w h i c h   may  be  u s e d   p r e f e r a b l y   in   t h e  

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

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

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

s x a m p l e ,   a  B  - m e t h y l   g l u t   ar   a l d e h y d e ,   a  g l u t a r   a l d e h y d e ,   a n  

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

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

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

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

g l u t a r a l d e h y d e ,   an  a - e t h y l - B - e t h o x y   g l u t a r a l d e h y d e ,   a  

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

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

s u c c i n i c   d i a l d e h y d e ,   and  b u t y l m a l e i c   a l d e h y d e .  

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

o r d i n a r i l y   be  u s e d   in  an  a m o u n t   of  f r o m   1  to   20  g  p e r   l i t e r   o f  

a  p r o c e s s i n g   l i q u i d   u s e d   and ,   more   p r e f e r a b l y ,   f r o m   3  to   5  g .  

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

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

s u c h   as   s o d i u m   s u l f i t e ,   a  p o t a s s i u m   s u l f i t e ,   p o t a s s i u m  

m e t a h y d r o g e n s u l f   i t e   and  so  f o r t h ;   b u f f e r s   s u c h   as  a  c a r b o n a t e ,  

b o r i c   a c i d ,   a  b o r a t e   and  an  a l k a n o l a m i n e ;   an  a l k a l i z i n g   a g e n t  

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

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

s e n s i t i z e r s   s u c h   as  a  q u a t e r n a r y   ammonium  s a l t ;   d e v e l o p m e n t  

a c c e l e r a t o r s ;   s u r f a c e   a c t i v e   a g e n t s ;   and  so  f o r t h .  

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

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

t r i a z o l e s   s u c h   as  5 - n i t r o i n d a z o l e ,   5 - n i t r o - b e n z i m i d a z o l e ,  

5 - m e t h y l - b e n z o t r i a z o l e   and  5 - n i t r o b e n z o t r i a z o l e ;   t e t r a z o l e s   o r  

t h i a z o l e s   s u c h "   as  b e n z o t h i a z o l e   or  l - p h e n y l - 5 - m e r c a p t o -  

t e t r a a z o l e ,   or  t h e   c o m p o u n d s   s u c h   as  d e s c r i b e d   in   B r i t i s h  

P a t e n t   No.  1 , 2 6 9 , 2 6 8 ;   and  c h e l a t i n g   a g e n t s   s u c h   a s  

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   a c i d ,   t h e   a l k a l i - m e t a l   s a l t s  

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

A  pH  v a l u e   of  t h e   d e v e l o p e r   p r e p a r e d   as  m e n t i o n e d   a b o v e  

may  be  so  s e l e c t e d   as  to   s a t i s f a c t o r i l y   r e n d e r   t h e   d e s i r e d  

d e n s i t y   and  c o n t r a s t   and  s u c h   a  pH  v a l u e   i s   so  a d j u s t e d   as  t o  

be  w i t h i n   t h e   r a n g e   of  f r o m   a b o u t   8  to  12  a n d ,   p a r t i c u l a r l y ,  

f rom  a b o u t   9 .0   to   1 0 . 5 .  

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

a r e   c o r r e l a t e d '   to   e a c h   o t h e r   and  w i l l   be  d e t e r m i n e d   i n  

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

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

of  f r o m   30  to   40°C  f o r   a  t i m e   of  f rom  10  to   20  s e c o n d s .  

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

w a t e r - s o l u b l e   a l u m i n i u m   c o m p o u n d   h a v i n g   a  pH  v a l u e   of  a b o u t  
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3 .8   to   5 .0   a t   20  °C.  In  t h e   m e t h o d s   of  t h e   i n v e n t i o n ,   a  

s t o p p i n g   s t e p   may  be  i n s e r t e d   a f t e r   t h e   d e v e l o p i n g   s t e p .  

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

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

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

t h a t   t h e   pH  v a l u e   of  t h e   f i x e r   w i l l   be  r a i s e d .   A c c o r d i n g l y ,  

i t   i s ,   d e s i r e d   to   a d j u s t   t h e   pH  v a l u e   of   a  f i x e r   b e t w e e n   a b o u t  

3 . 8   and  4 . 6   a t   2 0 ° C .  

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

t h i o s u l f a t e ,   a  s o d i u m   t h i o s u l f a t e   or  t h e   l i k e   and ,   i n  

p a r t i c u l a r ,   ammonium  t h i o s u l f a t e   i s   p r e f e r a b l e   f r o m   t h e  

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

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

a b o u t   0 .1   to   5  mol  p e r   l i t e r .  

In  s u c h   a  f i x e r ,   t h e   a q u e o u s   a l u m i n i u m - s a l t   s o l u t i o n s  

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

w h i c h   a r e   p o p u l a r l y   known  as  t h e   h a r d e n i n g   a g e n t s   of  an  a c i d  

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

c h l o r i d e ,   a l u m i n i u m   s u l f a t e ,   p o t a s s i u m   a lum  and  so  f o r t h .  

In  t h e   i n v e n t i o n ,   t h e   p r e f e r a b l e   t e m p e r a t u r e   and  t i m e   in  a  

f i x i n g   s t e p   a r e ,   f o r   e x a m p l e ,   -at  a  t e m p e r a t u r e   of  f r o m   20  t o  

3  5  °C  and  f o r   a  t i m e   of   f r o m   4  to   15  s e c o n d s .  

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

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

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

f i x i n g   s t e p .   The  p r e f e r a b l e   w a s h i n g   t e m p e r a t u r e   and  t i m e   a r e  

at   a  t e m p e r a t u r e   of  a b o u t   20  to   50°C  and  f o r   a  t i m e   of  f r o m   5 

to  12  s e c o n d s .  

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

f rom  a b o u t   40  to   100°C  and  t h e   d r y i n g   t i m e   may  s u i t a b l y   b e  

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

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

of  f r o m   a b o u t   5  to   15  s e c o n d s .  

T h e r e   i s   no  s p e c i a l   l i m i t a t i o n   to   t h e   t y p e s   of  a u t o m a t i c  

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

i n v e n t i o n   and  c a p a b l e   of  p r o c e s s i n g   w i t h i n   a  t i m e   of   f r o m   2 0  

to  60  s e c o n d s ,   b u t   any  a u t o m a t i c   p r o c e s s o r s   of  a  r o l l e r -  

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

p r e f e r a b l y ,   t h o s e   of  t h e   r o l l e r - t r a n s p o r t   t y p e   may  p r e f e r a b l y  

be  u s e d .  

The  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  

of  t h i s   i n v e n t i o n   has   e f f e c t s   as   shown  in  t h e   f o l l o w i n g   ( 1 )  

t h r o u g h   (6)  : 

(1)  The  l i g h t - s e n s i t i v e   m a t e r i a l   can   be  s u b j e c t e d   to   a  

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

s e c o n d s   to  60  s e c o n d s ,   and ,   w h e r e   p r o c e s s e d   by  t h e   s u p e r - r a p i d  

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

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

p r o b l e m s   of  c h a n g e s   in  t h e   q u a l i t y   e v e n   by  l a c k   of  w a s h i n g   a s  
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(2)  The   l i g h t - s e n s i t i v e   m a t e r i a l ,   e v e n   when  t h e   g e l a t i n  

j o n t e n t   of   t h e   h y d r o p h i l i c   c o l l o i d   l a y e r   on  t h e   l i g h t -  

; 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   s i d e   i s   s m a l l ,   c a u s e s  

. i t t l e   or  no  c o a t i n g   t r o u b l e s   s u c h   as  c o a t i n g   m a r k s ,   c o a t i n g  

s t r e a k s ,   e t c .  

(3)  The  c o a t i n g   s p e e d   can   be  i n c r e a s e d   u n d e r   t h e  

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

: i m e ,   so  t h a t   t h e   p r o d u c t i v i t y   i s   i m p r o v e d .  

(4)  The  l i g h t - s e n s i t i v e   m a t e r i a l ,   w h e r e   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   t h e r e o f   i s   s e n s i t i z e d   by  t h e  

s e n s i t i z i n g   dye   h a v i n g   t h e   f o r e g o i n g   F o r m u l a   t i l ,   [ I I ]   o r  

[ I I I ] ,   i s   i m p r o v e d   on  t h e   a n t i s c r a t c h - d a r k e n i n g   e f f e c t ,  

p r e s s u r e - d e s e n s i t i z a t i o n   r e s i s t a n c e ,   g r a i n i n e s s   and  a n t i d y e -  

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

(5)  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 ,  

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

m u l t i s t r a t a   s t r u c t u r e ,   shows   e f f e c t s   f u r t h e r   e x c e l l e n t   in  t h e  

s e n s i t i v i t y   as   w e l l   as  in   t h e   a n t i s c r a t c h - d a r k e n i n g   e f f e c t .  

(6)  W h e r e   t h e   h y d r o p h i l i c   c o l l o i d   l a y e r   on  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   s i d e   i s   c o m p r i s e d   of  two  o r  

more   l a y e r s   and   when  t h e   s u r f a c e   t e n s i o n   of   t h e   c o a t i n g   l i q u i d  

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

m e n t i o n e d   in   t h e   a b o v e   (2)  c an   be  r e d u c e d   f u r t h e r .  

E x a m p l e s  
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The  p r e s e n t   i n v e n t i o n   w i l l   be  i l l u s t r a t e d   r u r t n e r   i n  

d e t a i l   by  t h e   f o l l o w i n g   e x a m p l e s :  

E x a m p l e - 1  

A  s i l v e r   i o d o b r o m i d e   e m u l s i o n   c o n t a i n i n g   3 .0   mole%  s i l v e r  

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

p r e c i p i t a t i o n .   The  o b t a i n e d   e m u l s i o n   was  of  an  a v e r a g e   g r a i n  

s i z e   of  1 . 0 0   urn  and  was  r e g a r d e d   h e r e i n   as  E - l .   To  E m u l s i o n  

E- l   we re   a d d e d   c h l o r o a u r a t e ,   s o d i u m   t h i o s u l f a t e ,   and  a m m o n i u m  

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

s e n s i t i z a t i o n   of   t h e   e m u l s i o n .   The  e m u l s i o n   was  t h e n  

s t a b i l i z e d   by  u s i n g   4 - h y d r o x y - 6 - m e t h y l - l ,   3  ,  3a,   7 - t e t r a z a i n d e n e ,  

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

a d j u s t e d   so  as  to   be  of  t h e   g e l a t i n   q u a n t i t i e s   as  g i v e n   i n  

T a b l e   1 .  

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

a d d e d   p r o t e c t i v e   l a y e r   p r e p a r e d   as  g i v e n   in  T a b l e   1 

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

on  b o t h   s i d e s   of  a  s u b b e d   p o l y e s t e r   f i l m   s u p p o r t   in  t h e   o r d e r  

of  t h 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  t h e n   p r o t e c t i v e   l a y e r  

f rom  t h e   s u p p o r t   s i d e ,   w h e r e b y   S a m p l e s   N o . l   t h r o u g h   No.  19  w e r e  

o b t a i n d .   The  a m o u n t   of  s i l v e r   was  5 5 m g / m a .  

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

s a m p l e s   was  a d j u s t e d   so  t h a t   t h e   m e l t i n g   t i m e   is   a b o u t   3 0  

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

T h a t   i s ,   t h e   t i m e   i n t e r v a l   of  f r o m   t h e   b e g i n n i n g   of  t h e  
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i m m e r s i o n   of  a  s a m p l e   c u t   i n t o   lcm  x  2cm  s i z e   in   an  a q u e o u s  

1 .5%  s o d i u m   h y d r o x i d e   s o l u t i o n   up  to   t h e   t i m e   when  t h e  

e m u l s i o n   b e g i n s   to   d i s s o l v e   o u t   was  r e g a r d e d   as  m e l t i n g   t i m e .  

The  c o a t i n g   s p e e d ,   in   o r d e r   to   e q u a l i z e   t h e   d r y i n g   a m o u n t  

of   w a t e r   p e r   u n i t   t i m e ,   was  v a r i e d   a c c o r d i n g   to   t h e   w e t  

t h i c k n e s s .   The  f a s t e r   t h e   c o a t i n g   s p e e d   t h e   b e t t e r   f rom  t h e  

s t a n d - p o i n t   of  p r o d u c t i v i t y .  

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

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

m a r k s   and   so  f o r t h ,   and  t h e   n u m b e r   and  d e g r e e s   t h e r e o f   w e r e  

m e a s u r e d   to   be  r a t e d   i n t o   5  g r a d e s   of   f r o m   1  ( i n f e r i o r )   to   5 

( s u p e r i o r ) .   T h o s e   r a t e d   3  t o   5  h a v e   no  p r o b l e m ,   b u t   t h o s e   o f  

1  and   2  a r e   o n e s   u n a c c e p t a b l e   f o r   p r a c t i c a l   u s e .  

The  s e n s i t i v i t y   m e a s u r e m e n t   was  made  as  f o l l o w s :   E a c h  

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

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

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

1 / 1 2 . 5   s e c o n d   to   l i g h t   h a v i n g   a  c o l o r   t e m p e r a t u r e   of  5 , 4 0 0 ° K  

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

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

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

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

p r o c e s s i n g   p e r i o d   of  t i m e   of   w h i c h   was  45  s e c o n d s .  



3 2 4 8 3 9 0  

-  85  -  

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

I n s e r t i o n   
'  —  1 ' 2   s e c o n d s  

D e v e l o p i n g   +  c r o s s o v e r   35  °C  1 4 . 6   s e c o n d s  

F i x i n g   +  c r o s s o v e r   33  °C  8 .2   s e c o n d s  

h a s h i n g   +  c r o s s o v e r   25°C  5 .7   s e c o n d s  

S q u e e z e   40°C  5 .7   s e c o n d s  

D r y i n g   45  °C  8 .1   s e c o n d s  

D o t a l   —  4 5 . 0   s e c o n d s  

The  d e v e l o p e r   u s e d   was  XD-90 ,   and  t h e   f i x e r   was  XF  ( 

a r e   p r o d u c t s   of  K o n i s h i r o k u   P h o t o   I n d u s t r y   C o . ,   L t d . ) .  

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

e x p o s u r e   a t   t h e   p o i n t   of  b a s e   d e n s i t y   +  fog   d e n s i t y   +  1 .0   w a s  

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

t h e   b a s i s   t h e r e o f .  

The  d r y a b i l i t y   of  e a c h   s a m p l e   was  r a t e d   as  f o l l o w s :  

N a m e l y ,   t h e   s a m p l e   t h a t   was  s u b j e c t e d   to   t h e   4 5 - s e c o n d  

p r o c e s s i n g   and  has   come  o u t   of  t h e   d r y i n g   s e c t i o n   w a s  

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

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

g r a d e s   of  f r o m   1  ( i n f e r i o r )   to   5  ( s u p e r i o r ) .   T h o s e   of  f r o m   3 

to  5  h a v e   no  p r o b l e m ,   b u t   t h o s e   of  1  and  2  a r e   u n a c c e p t a b l e  

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

Some  of  t h e   s a m p l e s   w e r e   a l s o   p r o c e s s e d   in  t h e   a b o v e  

4 5 - s e c o n d   a u t o m a t i c   p r o c e s s o r   w i t h   i t s   l i n e   s p e e d   down  to  h a l f  
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( 1 / 2 )   to   t h e r e b y   o b t a i n   t h e   s e n s i t i v i t y   t h e r e o f   m   t h e  

c o n v e n t i o n a l   9 0 - s e c o n d   p r o c e s s i n g .   The  r e s u l t s   o b t a i n e d   i n  

a b o v e   a r e   g i v e n   in   T a b l e   2 .  

As  i s   a p p a r e n t   f r o m   T a b l e   2,  t h e   s a m p l e s   f o r   t h e   p r e s e n t  

i n v e n t i o n   h a v e   s a t i s f a c t o r y   c o a t a b i l i t y   and  c o l l e c t i v e l y  

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

s p e e d   to   e q u a l i z e   t h e   d r y i n g   a m o u n t   of  w a t e r   p e r   u n i t   t i m e )  

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

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

In  c o m p a r i s o n   w i t h   t h e   c o n v e n t i o n a l   9 0 - s e c o n d   p r o c e s s ,  

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

i n v e n t i o n   b e i n g   e q u a l   to   or   more   t h a n   t h a t   of   t h e   c o n v e n t i o n a l  

s y s t e m   ( S a m p l e   N o . l ) ,   t h e   p r o c e s s i n g   t i m e   t h e r e o f   can   b e  

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

p r o c e s s a b i l i t y   of  t h e   s a m p l e s   f o r   t h i s   i n v e n t i o n   i s   d o u b l e d .  
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?able  1  ( c o n t i n u e d )  

To ta l   D i f f e r e n c e   in  To ta l   Wet  t h i c k -  

lample  amt  of  s u r f a c e   t e n s i o n   wet  l a y e r   ness  r a t i o  
Em  g e l a t i n   (Em  l a y e r   -  Pro-   t h i c k n e s s   Em.  l a y e r :  

No.  Name  (g/ma  t e c t i v e   l a y e r )   (nm)  P r o t e c t i v e  

per  (dyne/cm)  .  l a y e r  
s ide )   : 

1  E-l   3.25  9  90  8 : 2   C o m p a r a t i v e  

2  »»  •»  "   75  7.6  :  2.4  "  

3  "   3.10  '»  90  8 : 2  

4  a  a   "   75  7.6  :  2.4  I n v e n t i o n  

5  it  a,  "   65  7.2  :  2.8  »» 

6  "   2.70  "   90  8  :  2  C o m p a r a t i v e  

7  a  a   ti  so  7.8  :  2.2  I n v e n t i o n  

8  "   "   "   70  7.4  :  2.6  "  

o  a   n  a  60  7  :  3  "  

10  "   "   "   50  6.4  :  3.6  "  

11  a  a   1  1  30  4 : 6   C o m p a r a t i v e  

12  "   2.20  "   85  8.1  :  1.9  "  

13  n  a   a  70  7.7  :  2.3  I n v e n t i o n  

14  a  a  "   40  6 : 4   "  

15  a  a   ti  30  4.7  :  5.3  C o m p a r a t i v e  

16  "   2.10  "   85  8.1  :  1 . 9  

17  "   "   '»  70  7.7  :  2.3  "  

18  "   "   '  »  40  6 : 4   "  

19  "   "   »»  30  4.7  :  5.3  "  
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T a b l e   2 

S a m p l e   S e n s i t i v i t y   C o a t i n g   C o a t i n g   D r y -  
No.  4 5 - s e c o n d   9 0 - s e c o n d   m a r k s   s p e e d   a b i l i t y  

p r o c e s s i n g   p r o c e s s i n g   q r a d e   ( m / m i n . )   q r a d e  

1  95  110  5  78  2 

2  95  '  '  "   94  '  ' 

3  110  125  "   78  3 

4  '  '  '  '  "   -  94  '  ' 

5  "   '  '  '  '  108  '  ' 

6  140  155  "   78  4 

7  "   ,  ,  ,  ,  88  ,  , 

8  '  '  "   "   100  '  ' 

9  '  »  "   »  '  117  '  ' 

10  '  '  '  '  4  140  '  ' 

11  '  '  "   2  233  '  ' 

12  155  165  4  82  5 

13  ' '   "   "   100  ' , '  

14  '  '  »  '  "   175  '  ' 

15  '  '  '  '  3  233  '  ' 

16  160  170  2  82  "  

17  »'  '»  »»  100  "  

18  '  '  "   "   175  »  ' 

19  "   "   1  2 3 3  
i 



0 2 4 8 3 9 0  

-  90  -  

E x a m p l e - 2  

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

l a l i d e   g r a i n s - c o n t a i n i n g   e m u l s i o n s   E2  to   E6  w i l l   be  d e s c r i b e d  

is  f o l l o w s :   An  a m m o n i a c a l   s i l v e r   n i t r a t e   s o l u t i o n   and  a  

s o l u t i o n   c o n t a i n i n g   p o t a s s i u m   b r o m i d e   and  2 .0   mole%  p o t a s s i u m  

I o d i d e ,   w i t h   t h e   t e m p e r a t u r e ,   pAg  and  pH  t h e r e o f   b e i n g   k e p t   a t  

45°C,   1 1 . 0   and   9 . 0 ,   r e s p e c t i v e l y ,   w e r e   a d d e d   by  t h e   d o u b l e - j e t  

n e t h o d   t o   an  a q u e o u s   g e l a t i n   s o l u t i o n .   The  a d d i t i o n   w a s  

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

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

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

0 . 6 5 j i m .   To  t h i s   e m u l s i o n ,   s e r v i n g   as  a  c o r e ,   w e r e   f u r t h e r  

a d d e d   by  t h e   d o u b l e - j e t   m e t h o d   a m m o n i a c a l   s i l v e r   n i t r a t e   a n d  

p o t a s s i u m   b r o m i d e   s o l u t i o n s   u n d e r   t h e   c o n d i t i o n s   of   p A g = 1 1 . 0  

and  p H = 9 . 0   t o   t h e r e b y   f o r m   p u r e   s i l v e r   b r o m i d e   s h e l l s .   I t   w a s  

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

g r a i n   s i z e   of   0 .70{ im.   T h i s   e m u l s i o n   was  r e g a r d e d   as  E - 2 .  

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

g r a i n s   c o n t a i n i n g   5  mole%,   10  mole%,   25  mole%  and  40  m o l e %  

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

m a n n e r   as  in   E-2  e x c e p t   t h a t   t h e   p r o p o r t i o n   of  t h e   p o t a s s i u m  

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

s i z e   was  v a r i e d   so  as  to   make  t h e   a v e r a g e   s i l v e r   i o d i d e  

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

a d d i n g   s p e e d   in  t h e   i n i t i a l   s t a g e   of  t h e   m i x i n g   was  c o n t r o l l e d  
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so  as  to   e q u a l i z e   t h e   g r a i n   s i z e s .   The  f o l l o w i n g   p r o c e s s   t o o K  

p l a c e   in  q u i t e   t h e   same  m a n n e r   as  in   E-2  to   t h e r e b y   p r e p a r e  

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

0 . 7 0 n m ,   w h i c h   we re   r e g a r d e d   as  E - 3 ,   E - 4 ,   E-5  and  E - 6 ,  

r e s p e c t i v e l y .   E - l   and  E-2  t h r o u g h   E-6  w e r e   c h e m i c a l l y  

s e n s i t i z e d   and  c o a t e d   in  .  t h e   same  m a n n e r   as  in  E x a m p l e - 1  

e x c e p t   t h a t   t h e   s e n s i t i z i n g   dye  g i v e n   in  T a b l e   3  was  a d d e d   t o  

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

S a m p l e s   No..  20  to  No.  41  we re   o b t a i n e d ,   p r o v i d e d   t h a t   t h e  

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

42mg/dma  and  w i t h   g e l a t i n   in  t h e   same  a m o u n t   as  in  E x a m p l e - 1  

as  shown  in  T a b l e   3.  The  o b t a i n e d   s a m p l e s   a r e   as  g i v e n   i n  

T a b l e   3 .  

T h e s e   s a m p l e s   we re   e v a l u a t e d   in  t h e   same  m a n n e r   as  i n  

E x a m p l e - 1 .   And  t h e   RMS  g r a n u l a r i t y   was  m e a s u r e d   in   t h e  

f o l l o w i n g   m a n n e r :   The  s a m p l e   c o n t a i n i n g   no  s e n s i t i z i n g   d y e  

was  s a n d w i c h e d   in  s h e e t s   of  I n t e n s i f y i n g   S c r e e n   NS  f o r   r e g u l a r  

f i l m   use   ( m a n u f a c t u r e d   by  K o n i s h i r o k u   P h o t o   I n d u s t r y   C o . ,  

L t d . )   and  e a c h   of  t h o s e   s a m p l e s   c o n t a i n i n g   t h e   s e n s i t i z i n g   d y e  

was  s a n d w i c h e d   in  s h e e t s   of  I n t e n s i f y i n g   S c r e e n   KO-250  f o r  

o r t h o c h r o m a t i c   f i l m   u se   ( m a n u f a c t u r e d   by  K o n i s h i r o k u   P h o t o  

I n d u s t r y   C o . ,   L t d . ) ,   and  e a c h   s a n d w i c h e d   s a m p l e   was  e x p o s e d  

t h r o u g h   an  a l u m i n u m   wedge   f o r   0 . 1 0   s e c o n d   to   X  r a y s   u n d e r   t h e  

c o n d i t i o n s   of  a  t u b e   v o l t a g e   of  9  OK  VP  and  a  t u b e   c u r r e n t   o f  

100mA,  and  •  t h e n   s u b j e c t e d   to  t h e   f o r e g o i n g   4 5 - s e c o n d ^  



;  ;  : ? 2 4 8 3 9 Q  

-  92  -  

p r o c e s s i n g .   S u b s e q u e n t l y ,   t h e   p o r t i o n   of  a  d e n s i t y   of  1 .0   o f  

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

g e n e r a t o r   was  p e e l e d   a p a r t ,   w h i l e   t h e   e m u l s i o n   l a y e r   -on  t h e  

D t h e r   s i d e   was  m e a s u r e d   by  m e a n s   of  a  o n e - t o u c h - t y p e   RMS 

M e a s u r i n g   I n s t r u m e n t   ( m a n u f a c t u r e d   by  K o n i s h i r o k u   P h o t o  

I n d u s t r y   C o . ,   L t d . )   w i t h   i t s   a p e r t u r e   s i z e   of  50x200 j im.   T h e .  

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

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

d a r k e n i n g   w e r e   made  by  t h e   f o l l o w i n g   m e t h o d s :  

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

c o n d i t i o n e d   f o r   5  h o u r s   a t   23°C  w i t h   35%RH,  and  t h e n ,   u n d e r  

t h e   c o n d i t i o n ,   was  b e n t   a b o u t   280°  w i t h   a  r a d i u s   of  c u r v a t u r e  

of  2cm.  T h r e e   m i n u t e s   a f t e r   t h e   b e n d i n g ,   e a c h   s a m p l e   w a s  

e x p o s e d   t h r o u g h   an  o p t i c a l   w e d g e   f o r   1 / 1 0   s e c o n d   to   t h e   l i g h t  

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

And  t h e   p r e s s u r e   d e s e n s i t i z a t i o n   was  e x p r e s s e d   as  t h e  

d e n s i t y   d i f f e r e n c e   AD  b e t w e e n   t h e   d e n s i t y   of  t h e   d e s e n s i t i z e d  

p o r t i o n   in  t h e   i n i t i a l   d e n s i t y   of   1 .0   and  t h e   n o t - b e n t   p o r t i o n  

h a v i n g   t h e   d e n s i t y   of  1 . 0 .   N a m e l y ,   t h e   s m a l l e r   t h e   v a l u e   t h e  

s m a l l e r   t h e   p r e s s u r e   d e s e n s i t i z a t i o n .  

On  t h e   o t h e r   h a n d ,   as  f o r   t h e   s c r a t c h   d a r k e n i n g ,   e a c h  

s a m p l e ,   a f t e r   b e i n g   c o n d i t i o n e d   a t   23  °C  w i t h   55%RH  f o r   4 

h o u r s ,   was  s c r a t c h e d   c o n t i n u o u s l y   by  a  0.  3 - m i l - r a d i u s - p o i n t -  

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

d e v e l o p e d .   The  s c r a t c h   d a r k e n i n g   was  e x p r e s s e d   as  t h e   l o a d  
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(g)  a p p l i e d   a t   t h e   p o i n t   w h e r e   d a r k e n i n g   b e g a n .   T h a t   i s ,   t h e  

s m a l l e r   t h e   v a l u e   (g)  t h e   w e a k e r   t h e   s c r a t c h   d a r k e n i n g .  

As  i s   a p p a r e n t   f r o m   T a b l e   4,  t h e s e   s a m p l e s   f o r   t h i s  

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

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

s e n s i t i z i n g   dye  h a v i n g   t h e   f o r e g o i n g   g e n e r a l   f o r m u l a   a r e  

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

a l s o   c o l l e c t i v e l y   e x c e l l e n t   in  t h e   s e n s i t i v i t y ,   d r y a b i l i t y ,  

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

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

In  c o m p a r i s o n   w i t h   t h e   c o n v e n t i o n a l   9 0 - s e c o n d   p r o c e s s i n g ,  

d e s p i t e   t h e   s e n s i t i v i t y   e q u a l   to   or  more   t h a n   t h a t   of  t h e  

c o n v e n t i o n a l   s y s t e m   ( S a m p l e   No.  1 ) ,   t h e   p r o c e s s i n g   p e r i o d   o f  

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

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

to   be  d o u b l e d .  
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E x a m p l e - 3  

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

c o m p r i s i n g   c o r e   g r a i n s   p r e p a r e d   in  t h e   same  m a n n e r   as  in   E - 3  

to  E-6  and  c o n t a i n i n g   5  mole   %,  10  mole%,   25  m o l e *   and  4 0  

mole%  s i l v e r   i o d i d e ,   r e s p e c t i v e l y ,   were   p r e p a r e d .   On  e a c h   o f  

t h e   g r a i n s   was  f o r m e d   a  s h e l l   in  t h e   same  m a n n e r   as  in   E - 2  

e x c e p t   t h a t   t h e   s h e l l   c o n t a i n s   1 .0   m o l e *   s i l v e r   i o d i d e ,  

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

g r a i n   s i z e   of  0 .7   0|im  w e r e   p r e p a r e d .   The  e m u l s i o n s   w e r e  

r e g a r d e d   as  E - 7 ,   E -8 ,   E-9  and  E - 1 0 ,   r e s p e c t i v e l y .  

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

s e n s i t i z e d   and  t h e n   c o a t e d   in  t h e   same  m a n n e r   as  in  E x a m p l e - 2 ,  

w h e r e b y   S a m p l e s   No.  42  t h r o u g h   No.  49  w e r e   o b t a i n e d .  

T h e s e   s a m p l e s   we re   e v a l u a t e d   in.  t h e   same  m a n n e r   as  i n  

E x a m p l e - 2 .   The  r e s u l t s   a r e   g i v e n   in  T a b l e   5 .  

As  i s   a p p a r e n t   f rom  T a b l e   5,  t h e s e   s a m p l e s   f o r   t h i s  

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

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

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

p r e s s u r e - d e s e n s i t i z a t i o n   r e s i s t a n c e ,   a n t i s c r a t c h - d a r k e n i n g  

e f f e c t ,   and  t h e   l i k e ,   and  a l s o   h i g h   in   t h e   s e n s i t i v i t y  

p a r t i c u l a r l y   when  s p e c t r a l l y   s e n s i t i z e d   by  t h e   s e n s i t i z i n g   d y e  

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

t h e   c o n v e n t i o n a l   9 0 - s e c o n d   p r o c e s s i n g ,   d e s p i t e   of  t h e  
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s e n s i t i v i t y   e q u a l   to   or  more   t h a n   t h a t   of  t h e   c o n v e n t i o n a l  

s y s t e m   ( S a m p l e   No.  42)  t h e   p r o c e s s i n g   t i m e   can  be  r e d u c e d   t o  

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

C o m p a r a t i v e   Dye  ( 1 )  

C o m p a r a t i v e   Dye  ( 2 )  

C o m p a r a t i v e   Dye  ( 3 )  
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E x a m p l e - 4  

U n d e r   t h e   c o n t r o l l e d   c o n d i t i o n s   of  6 0 ° c ,   p A g = 8 . 0   a n d  

p H = 2 . 0 ,   a  2 . 0   mole%  s i l v e r   i o d i d e - c o n t a i n i n g   s i l v e r   i o d o b r o m i d e  

c u b i c   g r a i n s - h a v i n g   e m u l s i o n   of  an  a v e r a g e   g r a i n   s i z e   of  0 . 2 0  

urn  was  o b t a i n e d   by  t h e   d o u b l e - j e t   m e t h o d .   P a r t   of  t h i s  

e m u l s i o n   was  u s e d   as  t h e   c o r e   to   be  g r o w n   as  f o l l o w s :   T h a t   i s ,  

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

a d d e d   by  t h e   d o u b l e -   j e t   m e t h o d   an  a m m o n i a c a l   s i l v e r   n i t r a t e  

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

p o t a s s i u m   b r o m i d e   u n d e r   t h e   c o n d i t i o n s   of   40°C,   p A g = 8 . 0   a n d  

p H = 9 . 5 ,   w h e r e b y   a  f i r s t   c o a t   c o n t a i n i n g   5  mole%,   10  mole%,  25 

mole%  or   40  mole%  s i l v e r   i o d i d e   was  f o r m e d   o v e r   t h e   c o r e .   E a c h  

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

t r e a t m e n t   as  in   E-2  e x c e p t   t h a t   pAg  was  a d j u s t e d   to   9 .0   t o  

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

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

h a v i n g   s i l v e r   i o d o b r o m i d e   e m u l s i o n s   of   an  a v e r a g e   g r a i n   s i z e   o f  

0 . 6 0 [ i m   w e r e   p r e p a r e d ,   w h i c h   w e r e   r e g a r d e d   as  E - l l ,   E - 1 2 ,   E - 1 3  

and   E - 1 4 ,   r e s p e c t i v e l y .   The  a v e r a g e   s i l v e r   i o d i d e   c o n t e n t   o f  

t h e s e   e m u l s i o n s   was  a l l   3 .0   m o l e % .  

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

s e n s i t i z e d   and  c o a t e d   in  t h e   same  m a n n e r   as  in   E x a m p l e - 2 ,  

w h e r e b y   S a m p l e s   No.  50  to   No.  54  w e r e   o b t a i n e d .  

The  c o n t e n t s   of  t h e s e   s a m p l e s   a r e   g i v e n   in  T a b l e   7 .  

T h e s e   s a m p l e s   were   e v a l u a t e d   in   t h e   same  m a n n e r   as  i n  
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E x a m p l e - 2 ,   and  t h e   r e s u l t s   a r e   shown  in   T a b l e   8 .  

As  i s   a p p a r e n t   f rom  T a b l e   8,  t h e s e   s a m p l e s   f o r   t h i s  

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

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

s e n s i t i z i n g   dye  h a v i n g   t h e   f o r e g o i n g   g e n e r a l   f o r m u l a   a r e  

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

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

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

the   c o n v e n t i o n a l   9 0 - s e c o n d   p r o c e s s i n g ,   d e s p i t e   t h e   s e n s i t y  

e q u a l   to   or  more  t h a n   t h a t   of  t h e   c o n v e n t i o n a l   s y s t e m   ( S a m p l e s  

No.  50  and  No.  43)  t h e   p r o c e s s i n g   t i m e   can   be  s h o r t e n e d   to   h a l f ,  

and,   t h e r e f o r e ,   t h e   p r o c e s s a b i l i t y   i s   u n d e r s t o o d   to   be  d o u b l e d .  
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E x a m p l e - 5  

Each   of  t h e s e   s a m p l e s   o b t a i n e d   in   E x a m p l e - 4   was  s u b j e c t e d  

to   3 0 - s e c o n d   p r o c e s s i n g   by  m a k i n g   f a s t e r   t h e   l i n e   s p e e d   of  t h e  

a u t o m a t i c   p r o c e s s o r .   The  r e s u l t s   a r e   shown  in  T a b l e   9 .  

As  i s   a p p a r e n t   f r o m   T a b l e   9,  t h e s e   s a m p l e s   f o r   t h i s  

i n v e n t i o n ,   e v e n   in  t h e   3  0 - s e c o n d   p r o c e s s i n g ,   e a c h   s h o w s   a  

s e n s i t i v i t y   e q u a l   t o   or   more   t h a n   t h a t   of   t h e   c o n v e n t i o n a l  

s y s t e m   ( S a m p l e   No.  50  p r o c e s s e d   f o r   90  s e c o n d s ) ,   has   no  p r o b l e m  

in   t h e   d r y a b i l i t y   and  i s   s u i t a b l y   u s a b l e   in   t h e   3 0 - s e c o n d  

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

in   t h e   c o n v e n t i o n a l   s y s t e m   to  1 / 3 ,   and  t h e r e f o r e   t h e  

p r o c e s s a b i l i t y   i s   t r i p l e d .  

T a b l e   9 

S a m p l e   S e n s i t i v i t y   D r y a b i l i t y  
No.  3  0 - s e c o n d   9 0 - s e c o n d   g r a d e  

p r o c e s s i n g   p r o c e s s i n g  

50  70  110  1 

51  110  145  3 

52  120  155  3 

53  125  160  3 

54  128  163  3 
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What  i s   c l a i m e d   i s :  

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

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

l a y e r s   a r e   f o r m e d   by  one  or   more   t i m e s   of   c o a t i n g   p r o v i d e d  

t h a t   wet  t h i c k n e s s   of   t h e   l a y e r   c o a t e d   i n   e a c h   c o a t i n g   i s  

w i t h i n   t h e   r a n g e   of  f rom  35  to   80  / /m ,   and  a  t o t a l   g e l a t i n  

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

a m o u n t   of  f rom  2 . 2 0   to   3 . 1 0   g/m2  . 

2.  The  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   of  c l a i m   1  ,  w h e r e i n   wet   t h i c k n e s s   of   s a i d  

h y d r o p h i l i c   c o l l o i d   l a y e r s   f o r m e d   by  e a c h   one  t i m e   o f  

c o a t i n g   i s   w i t h i n   t h e   r a n g e   of   f rom  40  t o   75  /z  m. 

3.  The  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   of  c l a i m   2,  w h e r e i n   wet   t h i c k n e s s   of   s a i d  

h y d r o p h i l i c   c o l l o i d   l a y e r s   f o r m e d   by  e a c h   one  t i m e   o f  

c o a t i n g   i s   w i t h i n   t h e   r a n g e   of   f rom  45  t o   70  p.  m.  

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

w h o l e   h y d r o p h i l i c   c o l l o i d   l a y e r   i s   in   an  a m o u n t   of   f rom  2 . 4 0  

to   2 . 9 0   g/m2  . 

5.  The  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  
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l a t e r i a l   of   c l a i m   4.  w h e r e i n   a  t o t a l   g e l a t i n   c o n t e n t   or  s a i a  

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

.n  an  a m o u n t   of   f rom  2 . 5 0   t o   2 . 8 0   g / m 2 .  

6.  The  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  

l a t e r i a l   of   c l a i m   1,  w h e r e i n   a  l a y e r   f o r m e d   by  one  t i m e   o f  

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

ind  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   a d j a c e n t   t o   s a i d   t o p m o s t  

L a y e r   . 

7.  The  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  

n a t e r i a l   of   c l a i m   6.  w h e r e i n   t h e   r a t i o   of   t h e   wet   t h i c k n e s s  

of  s a i d   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   t o   t h a t   o f   s a i d   t o p m o s t  

h y d r o p h i l i c   c o l l o i d   l a y e r   i s   w i t h i n   t h e   r a n g e   of   f rom  6 :4   t o  

9 : 1  

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

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

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

w h i c h   s a i d   h y d r o p h i l i c   c o l l o i d   l a y e r   i s   f o r m e d   by  one  o r  

m o r e   t i m e s   of   c o a t i n g   p r o v i d e d   t h a t   wet   t h i c k n e s s   of  t h e  

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

of   f r o m   35  t o   80  fi  mf  and  g e l a t i n   c o n t e n t   o f   s a i d   w h o l e  

h y d r o p h i l i c   c o l l o i d   l a y e r   i s   i n   an  a m o u n t   of   f r o m   2 . 2 0   t o  

3 . 1 0   g / m 2 ,   i s   p r o c e s s e d   by  an  a u t o m a t i c   p r o c e s s o r   f o r   t h e  

t i m e   w i t h i n   t h e   r a n g e   of  f rom  20  to   60  s e c o n d s .  
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9.  The  m e t h o d   f o r   p r o c e s s i n g   a  s i l v e r   h a l i d e  

) 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   of   c l a i m   8,  w h e r e i n   a  

le t   t h i c k n e s s   of   s a i d   l a y e r   f o r m e d   by  e a c h   one  t i m e   o f  

: o a t i n g   i s   w i t h i n   t h e   r a n g e   of  f rom  35  to   80  ji  m  and  t h e  

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

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

range  of   f rom  6 :4   t o   9 : 1 .  
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