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Bleach-fixing  solution  having  good  processing  performance  and  method  for  processing 
light-sensitive  material  using  the  same. 

J^J®  Disclosed  is  a  bleach-fixing  solution  comprising  a  processing  solution  for  bleach-fixing  a  light-sensitive  silver 
halide  photographic  material  for  photographing,  wherein  said  solution  has  the  pH  ranging  between  3.0  and  6.8, 

O   contains  a  ferric  complex  salt  having  a  ligand  comprising  a  compound  represented  by  General  Formula  (I),  and 
q_  further  contain  at  least  one  of; 
LU  i)  at  least  one  compound  selected  from  the  compounds  represented  respecytively  by  General 

Formula  (II)  and  General  Formula  (III); 
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ii)  a  polymer  having  a  unit  of  pyrrolidone  nucleus  in  the  molecular  structure;  and  iii)  a  ferric  complex 
salt  having  a  ligand  comprising  at  least  one  compound  selected  from  the  compounds  represented 
respectively  by  General  Formulas  (IV)  to  (VII).  The  General  Formulas  (I)  to  (VII)  are  described  in  the 
specification. 

Disclosed  is  also  a  method  for  processing  a  light-sensitive  material  by  using  the  bleach-fixing  solution. 
By.  use  of  the  bleach-fixing  solution  of  this  invention,  rapid  processing  of  the  light-sensitive  material  is 

enabled:  without  a  generation  of  ammonia  gas,  because  the  bleach-fixing  solution  can  delay  the  occurence  of  the 
precipitation  even  during  storage  with  time  to  attain  a  stable  bleach-fixing  performance,  and  it  can  improve  the 
bleach  stain  at  a  non-image  portion  of  a  light-sensitive  material  when  the  processing  with  low  replenishment  is 
carried  out. 
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B l e a c h - f i x i n g   s o l u t i o n   h a v i n g   good   r a p i d   p r o c e s s i n g  

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

BACKGROUND  OF  THE  INVENTION 

T h i s   i n v e n t i o n   r e l a t e s   to   a  b l e a c h - f i x i n g   s o l u t i o n ,   a n d  

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

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

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

At  p r e s e n t ,   t h e   d e s i l v e r i n g   of  l i g h t - s e n s i t i v e   m a t e r i a l s  

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

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

s e p a r a t e l y   in  a  b l e a c h i n g   s t e p   and   a  f i x i n g   s t e p .  

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

t h e   a b o 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   f o r   p h o t o g r a p h i n g ,   t h e  

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

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

in  a  m o n o b a t h   . 

In  t h e   c o u r s e   of   t h a t   s t u d i e s ,   as  i t   has   b e e n   c o n v e n t i o n a -  

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

s o l u t i o n   to  be  u s e d   in  a  h i g h e r   pH  r a n g e   f r o m   v i e w p o i n t s  

of  t h e   s h e l f   s t a b i l i t y   of   a  s o l u t i o n   and  t h e   i n f e r i o r  



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

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

h a v e   a  good   d e s i l v e r i n g   a b i l i t y   in  s u c h   a  h i g h   pH  r a n g e .  

As  a  r e s u l t ,   t h e   p r e s e n t   i n v e n t o r s   h a v e   p r o p o s e d   t h a t ,  

among  v a r i o u s   a m i n o p o l y c a r b o x y l i c   a c i d   i r o n   c o m p l e x e s ,   a  

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

( h e r e i n a f t e r   "  DTPA  •  Fe  c o m p l e x   s a l t " )   can   s a t i s f y   t h e  

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

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

b l e a c h - f i x i n g   s o l u t i o n   ( J a p a n e s e   U n e x a m i n e d   P a t e n t  

P u b l i c a t i o n s   No.  1 3 4 2 3 8 / 1 9 8 5 ,   No.  1 3 0 7 3 8 / 1 9 8 5 ,   N o .  

1 3 6 7 4 4 / 1 9 8 5 ,   e t c . ) .  

The  a b o v e   DTPA  *Fe  c o m p l e x   s a l t   can   s a t i s f y   t h e   a b o v e  

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

a t   a b o u t   pH  7  t o   9.  H o w e v e r ,   a m m o n i a   gas   may  be  r e a d i l y  

g e n e r a t e d   when  u s e d   in   s u c h   a  pH  r a n g e ,   so  t h a t   t h e r e   h a s  

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

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

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

t i m e ,   i t   has   b e c o m e   c l e a r e r   t h a t   t h e r e   may  o c c u r   a  

l o w e r i n g   of  t h e   d e s i l v e r i n g   a b i l i t y   and  an  i n f e r i o r i t y   i n  

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

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

s o l u t i o n   . 

As  a  r e s u l t   of   d e t a i l e d   s t u d i e s   on  t h e   a b o v e   d i s a d v a n t a -  

g e s ,   i t   was  f o u n d   t h a t   t h e   •  a c c u m u l a t i o n   of  f e r r o u s   i o n s  

l a r g e l y   d e p e n d s   on  t h e   pH  of   t h e   b l e a c h - f i x i n g   s o l u t i o n ,  

a n d ,   a t   t h e   pH  more   t h a n   a  c e r t a i n   v a l u e ,   t h i s   i s   a  

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

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

SUMMARY  OF  THE  INVENTION 



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

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

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

a r e   c o n s i d e r e d   to   be  c a u s e d   by  t h e   a b o v e - m e n t i o n e d  

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

t i m e   and   t h e   p r o b l e m   of  t h e   g e n e r a t i o n   of  a m m o n i a   gas   c a n  

be  s o l v e d   by  u s i n g   a  b l e a c h - f i x i n g   s o l u t i o n   h a v i n g   t h e   pH 

in  a  p a r t i c u l a r   l o w e r   r a n g e   and  c o n t a i n i n g   a  p a r t i c u l a r  

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

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

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

i n v e n t i o n   . 

I t   b e c a m e   c l e a r   t h a t ,   when  t h e   b l e a c h - f i x i n g   s o l u t i o n   i s  

p u t   i n t o   p r a c t i c a l   u s e ,   a  p a r t i c u l a r   p r e s e r v a t i v e   may  b e  

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

s h e l f   s t a b i l i t y   w i t h   t i m e   of  t h e   b l e a c h - f i x i n g   s o l u t i o n  

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

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

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

I t   was  a l s o   f o u n d   t h a t   a l t h o u g h   c o n v e n t i o n a l   b l e a c h - f i x i n g  

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

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

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

c o m p o u n d s   r e p r e s e n t e d   r e s p e c t i v e l y   by  G e n e r a l   F o r m u l a s  

( I I )   and   ( I I I )   of   t h i s   i n v e n t i o n   as  d e s c r i b e d   b e l o w   may  b e  

u s e d ,   so  t h a t   t h e   p r e c i p i t a t i o n   can  be  made  n o t   to   b e  

r e a d i l y   c a u s e d   and   t h e   s h e l f   s t a b i l i t y   can   be  i m p r o v e d .  

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

by  G e n e r a l   F o r m u l a s   ( I I )   and  ( I I I )   of  t h i s   i n v e n t i o n   a r e  

known  to  be  u s e d   in  a  b l e a c h - f i x i n g   s o l u t i o n   c o n t a i n i n g   a n  

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   i r o n   ( I I I )   c o m p l e x  

( h e r e i n a f t e r   " E D T A - F e )   as  a  b l e a c h i n g   a g e n t ,   as  d i s c l o s e d ,  



f o r   e x a m p l e ,   in   J a p a n e s e   P u b l i c a t i o n   No.  3 8 8 9 5 / 1 9 7 9 .  

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

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

s o l u t i o n   c o n t a i n i n g   t h e   a b o v e   EDTA*Fe ,   so  t h a t   a l d e h y d e s  

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

may  be  g r a d u a l l y   l o w e r e d .  

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

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

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

r a n g e ,   w h e r e b y   t h e   s h e l f   s t a b i l i t y   can   be  p a r t i c u l a r l y  

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

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

b l e a c h - f i x i n g   s o l u t i o n .  

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

may  be  u s e d   when  t h e   b l e a c h - f i x i n g   s o l u t i o n   i s   p u t   i n t o  

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

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

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

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

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

p o r t i o n   t h a t   may  be  r e a d i l y   g e n e r a t e d   when  t h e   b l e a c h -  

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

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

A c c o r d i n g l y ,   a  f i r s t   o b j e c t   of   t h i s   i n v e n t i o n   i s   t o  

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

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

p h o t o g r a p h i n g .  

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

f i x i n g   s o l u t i o n   f r e e   f r o m   g e n e r a t i o n   of  a m m o n i a   gas   a n d  

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

A  t h i r d   o b j e c t   of  t h i s   i n v e n t i o n   is   f u r t h e r   to  p r o v i d e   a  
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b l e a c h - f i x i n g   s o l u t i o n   t h a t   can   d e l a y   t h e   o c c u r r e n c e   o f  

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

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

5  A  f o u r t h   o b j e c t   of  t h i s   i n v e n t i o n   i s   to   p r o v i d e   a  

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

a t   a  n o n - i m a g e   p o r t i o n   of  a  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 n  

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

10  The  a b o v e   o b j e c t s   of   t h i s   i n v e n t i o n   c ab   be  a c h i e v e d   by  a  

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

w h e r e i n   s a i d   s o l u t i o n   has   t h e   pH  r a n g i n g   b e t w e e n   3 .0   a n d  

6 . 8 ,   c o n t a i n s   a  f e r r i c   c o m p l e x   s a l t   h a v i n g   a  l i g a n d  
15  c o m p r i s i n g   a  c o m p o u n d   r e p r e s e n t e d   by  G e n e r a l   F o r m u l a   ( I )  

shown  b e l o w ,   and   f u r t h e r   c o n t a i n s   a t   l e a s t   one  o f ;  

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

r e p r e s e n t e d   r e s p e c t i v e l y   by  G e n e r a l   F o r m u l a   ( I I )   a n d  

G e n e r a l   F o r m u l a   ( I I I )   shown  b e l o w ;  

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

in  t h e   m o l e c u l a r   s t r u c t u r e ;   a n d  

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

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

c o m p o u n d s   r e p r e s e n t e d   r e s p e c t i v e l y   by  G e n e r a l   F o r m u l a s  

25  ( IV)   to   ( V I I ) ,  

G e n e r a l   F o r m u l a   ( I ) :  

HOOCCH2^  CH2COOH 

N - ^ C H 2 - - T r ^ C H - ) l r 2 - 4 - C H 2 - ^ r N  

30 
HOOCCH2'  Rx  xCH2COOH 

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

g r o u p   h a v i n g   1  to   3  c a r b o n   a t o m s ;   and   n^,   n2  and  n ^  
e a c h   r e p r e s e n t   an  i n t e g e r   of   0  to   3,  p r o v i d e d   t h a t  

t h e   sum  of  n^ ,   n2  and  n3  is  an  i n t e g e r   of  2  to   4  a n d  

t h e   t o t a l   sum  of  t h e   c a r b o n   a t o m s   i n  

@ C H 2 ^ n T ^ C H - 4 1 7 2 - f - C H 2 - 4 F 3 -  

R l  
is   3  or   m o r e ,  



G e n e r a l   F o r m u l a   ( I I ) :  

R 
1 2  
C-C 

SO. 
R 3 - C - O H  

o u 3 M  
w h e r e i n   R2  and   R3  r e p r e s e n t s   a  h y d r o g e n   a t o m   or   a n  

a l k y l   g r o u p   h a v i n g   1  to   8  c a r b o n   a t o m s   ;  a n d   M 

r e p r e s e n t s   an  a l k a l i   m e t a l   a t o m   or   an  a m m o n i u m  

g r o u p   ,  
G e n e r a l   F o r m u l a   ( I I I )   : 

OH  OH 

R 4 _ ^ C H 2 ^ C - R 5  

S03M  S03M 
w h e r e i n   R4  and   R~  e a c h   r e p r e s e n t   a  h y d r o g e n   a t o m   o r  

an  a l k y l   g r o u p   h a v i n g   1  to   8  c a r b o n   a t o m s   ;  M 

r e p r e s e n t s   an  a l k a l i   m e t a l   a t o m   or   an  a m m o n i u m  

g r o u p ;   and   n  r e p r e s e n t s   an  i n t e g e r   of  0  t o   6 ,  

G e n e r a l   F o r m u l a   ( I V ) :  

r 2 - n ;  

. ( C H 2 ) n 4 C O O H  

(CH  )  COOH 2.  n o  
w h e r e i n   R2  r e p r e s e n t s   an  a l k y l   g r o u p   h a v i n g   1  to   5 

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

h a v i n g   1  to   5  c a r b o n   a t o m s ,   or   —  f—  CH2  )  ngCOOH  ;  a n d  

n^ ,   and   ng  e a c h   r e p r e s e n t s   an  i n t e g e r   of  1  or   2 ,  
G e n e r a l   F o r m u l a   (V)  : 

HOOCCH  ^CH^COOH 

l ? - e - C H 0   )n7  (  CH  )  o  (  CH0  )  Q  N 
y   2 n /   1  no  2 n 9 \  

HOOCCH2X  OH  XCH2COOH 

w h e r e i n   n^  and   n^  e a c h   r e p r e s e n t   an  i n t e g e r   of   0  t o  

3,  and  ng  r e p r e s e n t s   an  i n t e g e r   of  1  to   3,  p r o v i d e d  

t h a t   t h e   sum  of   n^ ,   ng  and   n^  i s   2  or  m o r e - ,  

G e n e r a l   F o r m u l a   ( V I ) :  

R 3 \   R7  R8  R9  ?10.  / R 4  

^ N - f - C H - C H - N   )n10  C H - C H - N ^  

HOOC(CH)n lQ   CH2COOH  ( C H ) n l l C O O H  

R5  R6 
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w h e r e i n   R3  and   R4  e a c h   r e p r e s e n t   a  h y d r o g e n   a t o m ,   a  

h y d r o x y l   - s u b s t i t u t e d   a l k y l   g r o u p   h a v i n g   1  to   3 

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

h a v i n g   1  or   2  c a r b o n   a t o m s ;   R5  and   Rg  e a c h   r e p r e s e n t  

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

g roup ,*   R7,  Rg,  R9  and   R1Q  e a c h   r e p r e s e n t   a  h y d r o g e n  

a t o m   or   a  h y d r o x y l - s u b s t i t u t e d   a l k y l   g r o u p   h a v i n g   1 

to  3  c a r b o n   a t o m s ,   p r o v i d e d   t h a t   R7,  Rg,  Rg  and   R 1 0  
e a c h   may  c o m b i n e   to   f o r m   a  r i n g   h a v i n g   5  to   8  c a r b o n  

a t o m s ;   n1Q  and   n-j^  e a c h   r e p r e s e n t   an  i n t e g e r   of   1  t o  

3;  a n d   n ^   r e p r e s e n t s   an  i n t e g e r   of   0  to   4 ,  

G e n e r a l   F o r m u l a   ( V I I ) :  

HOOCCH-  CH-COOH 
2 V . . .   „ /   2 

N - < - C H 2 C H 2 0 - ^ I 3 - C H 2 C H 2 - N  
15  HOOCCH2X  CH2COOH 

w h e r e i n   n13  r e p r e s e n t s   an  i n t e g e r   of   1  to   8 .  

DESCRIPTION  OF  THE  PREFERRED  EMBODIMENTS 

20  in   t h e   b l e a c h - f i x i n g   s o l u t i o n   of  t h i s   i n v e n t i o n ,   t h e  

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

c o m p o u n d   r e p r e s e n t e d   by  G e n e r a l   F o r m u l a   ( I )   i s   u s e d .  

In  G e n e r a l   F o r m u l a   ( I ) ,   R1  may  p r e f e r a b l y   be  a  h y d r o g e n  
25  a t o m .   A l s o ,   t h e   t o t a l   sum  of  t h e   c a r b o n   a t o m   n u m b e r   i n  

•CH2  ] n l   (  ?H  ]n2  (  CH2~*  

R l  
2  ; n l    ̂ Y  ^2  v  ^ n 2 ^ n T  

may  m o s t   p r e f e r a b l y   be  3 .  

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

G e n e r a l   F o r m u l a   ( I )   a r e   shown  b e l o w .  
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10 

20 

E x e m p l a r y   C o m p o u n d s :  

1 - 1  

1 - 2  

H 0 0 C C H 2 X   / C H 2   C 0 0 H  

N - t C H 2 - 7 - T - N x  
H 0 0 C C H 2 ' /   CH2  C O O H  

H 0 0 C C H 2 X   y O H i   C O O H  

N t C H 2 T t N  

H O O C C H z ^   X C H 2   C O O H  

1 - 3  

H 0 0 C C H 2 X   / C H 2   C O O H  
r  

N - C H 2   - C H - N  

H O O C C H 2 ^   
Qf_j3  

X C H 2   C O O H  

1 - 4  

H O O C C H 2 x   y O H i   C O O H  

N - t C H 2   t r - C H - N  

H O O C C H 2   i n   X C H 2   C O O H  
L-  1!  3 

1 - 0  

2.  H 0 0 C C H 2 X   X C H 2   C O O H  

N - C H 2   - C H - C H 2   - N  
H 0 0 C C H 2 /   

q H 3   
X C H 2   C O O H  

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

30  c o m p o u n d   r e p r e s e n t e d   by  t h e   a b o v e   G e n e r a l   F o r m u l a   ( I )   m a y  
be  u s e d   a l s o   in  t h e   f o r m   of  a  f r e e   a c i d   ( h y d r o g e n   s a l t ) ,  

or  may  a l s o   be  u s e d   in   t h e   f o r m   of  a  c o u n t e r   s a l t  

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

p o t a s s i u m   s a l t   and   a.  l i t h i u m   s a l t   or  an  a m m o n i u m   s a l t ,   o r  

35  w a t e r   s o l u b l e   a m i n e s ,   f o r   e x a m p l e ,   t r i e t h a n o l a m i n e   ,  e t c .  

P r e f e r a b l y   u s e d   a r e   a  p o t a s s i u m   s a l t ,   a  s o d i u m   s a l t   and  a n  
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a m m o n i u m   s a l t .   At  l e a s t   one  of  t h e s e   f e r r i c   c o m p l e x   s a l t s  

of   t h i s   i n v e n t i o n   may  be  u s e d ,   b u t   two  or   more   of   t h e s e  

can   a l s o   be  u s e d   in  c o m b i n a t i o n .   I t   is  a l s o   p o s s i b l e   t o  

u s e   t hem  in  c o m b i n a t i o n   w i t h   any   f e r r i c   c o m p l e x   s a l t s  

5  o u t s i d e   t h i s   i n v e n t i o n .  

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

e x e m p l i f i e d   in  t h e   a b o v e ,   p r e f e r r e d   a r e   f e r r i c   c o m p l e x  

s a l t s   in  w h i c h   any   of  e x e m p l a r y   c o m p o u n d s   ( 1 - 1 ) ,   ( 1 - 2 )   a n d  

10  ( 1 - 3 )   i s   u s e d   as  t h e   l i g a n d .   S t i l l   among  t h e s e   e x e m p l a r y  

c o m p o u n d s   ( 1 - 1 ) ,   ( 1 - 2 )   and   ( 1 - 3 ) ,   i t   is   p a r t i c u l a r l y  

p r e f e r r e d   to  u s e   ( 1 - 1 )   or  ( 1 - 2 )   f r o m   a  v i e w p o i n t   of  t h e  

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

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

15  p r e f e r r e d   in  t h i s   i n v e n t i o n   t o   u s e   ( 1 - 1 ) .  

The  f e r r i c   c o m p l e x   s a l t   can   be  u s e d   in  any   a m o u n t   in  t h e  

b l e a c h - f i x i n g   s o l u t i o n   of  t h i s   i n v e n t i o n   so  l o n g   as  i t   i s  

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

20  i n v e n t i o n .   H o w e v e r ,   o v e r l y   h i g h   c o n c e n t r a t i o n   of  t h e  

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

s t a b i l i t y   of  t h e   b l e a c h - f i x i n g   s o l u t i o n ,   a n d ,   on  t h e   o t h e r  

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

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

u s u a l l y   u s e d   p r e f e r a b l y   in  t h e   r a n g e   of  0 . 0 2   to   1 . 3 0  

m o l / l i t . ,   more   p r e f e r a b l y   0 . 1 0   to   1 . 2 0   m o l / l i t .  

P a r t i c u l a r l y ,   t h e   e f f e c t   of  t h i s   i n v e n t i o n   can   b e  

p r e f e r a b l y   e x h i b i t e d   when  u s e d   in  t h e   r a n g e   of   0 . 2 0   t o  

30  0 . 8 0   m o l / l i t .  

The  b l e a c h - f i x i n g   s o l u t i o n   of  t h i s   i n v e n t i o n   may  b e  

a p p r o p r i a t e l y   in  t h e   pH  r a n g e   of   pH  3 .0   to   6 . 8 ,   b e c a u s e  

s u l f i t e   gas   may  be  g e n e r a t e d   a t   l e s s   t h a n   pH  3 .0   and   t h e  
35  e f f e c t   of  t h i s   i n v e n t i o n   may  be  i n s u f f i c i e n t   i f   t he   pH  i s  

h i g h e r   t h a n   6 . 8 .   I t   can   be  u s e d   a t   any  pH  so  l o n g   as  i t  

25 



i s   u s e d   in   t h i s   pH  r a n g e   r  b u t   i s   p r e f e r a b l y   u s e d   a t   pH  4 . 0  

to   6 . 7 ,   p a r t i c u l a r l y   p r e f e r a b l y   pH  5 . 0   t o   6 . 5 ,   t a k i n g  

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

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

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

c o l o r   r e p r o d u c t i o n .  

The  b l e a c h - f i x i n g   s o l u t i o n   of   t h i s   i n v e n t i o n   m a y  

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

t h e s e   s u l f i t e s   may  i n c l u d e   ammonium  s u l f i t e ,   s o d i u m  

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

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

E m b o d i m e n t   i )   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 .  

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

c o m p o u n d s   r e p r e s e n t e d   r e s p e c t i v e l y   by  G e n e r a l   F o r m u l a s  

( I I )   and   ( I I I )   ( h e r e i n a f t e r   r e f e r r e d   to   as  t h e   b i s u l f i t e  

a d d i t i o n   c o m p o u n d   of  t h i s   i n v e n t i o n )   may  be  u s e d   as  a  

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

i n v e n t i o n   . 

In  G e n e r a l   F o r m u l a   (  I I   )  ,  t h e   a l k y l   g r o u p   h a v i n g   1  to   8 

c a r b o n   a t o m s ,   r e p r e s e n t e d   r e s p e c t i v e l y   by  R2  and   R^,  m a y  

p r e f e r a b l y   i n c l u d e   an  a l k y l   g r o u p   h a v i n g   1  to   4  c a r b o n  

a t o m s   . 

One  of  t h e   p r e f e r r e d   c o m p o u n d s   i n c l u d e d   in   t h e   c a r b o n y l  
b i s u l f i t e   a d d i t i o n   c o m p o u n d   r e p r e s e n t e d   by  G e n e r a l   F o r m u l a  

( I I )   i s   a  c o m p o u n d   w h e r e i n   R2  is   a  h y d r o g e n   a t o m   and   R3  i s  

an  a l k y l   g r o u p   h a v i n g   1  to   4  c a r b o n   a t o m s ,   and   a n o t h e r   o f  

t h e m   is   a  c o m p o u n d   w h e r e i n   R2  and   R3  e a c h   a r e   an  a l k y l  

g r o u p   h a v i n g   1  to   4  c a r b o n   a t o m s .  

In  G e n e r a l   F o r m u l a   ( I I I ) ,   t h e   a l k y l   g r o u p   h a v i n g   1  to   8 

c a r b o n   a t o m s ,   r e p r e s e n t e d   r e s p e c t i v e l y   by  R.  and   Rr»  m a y  
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p r e f e r a b l y   I n c l u d e   an  a l k y l   g r o u p   h a v i n g   1  or   2  c a r b o n  

a t o m s . .  

The  s y m b o l   n,  w h i c h   r e p r e s e n t s   an  i n t e g e r   of   0  to   6,  m a y  
5  p r e f e r a b l y   be  an  i n t e g e r   of   1  to   4 .  

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

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

F o r m u l a   ( I I I )   i s   a  c o m p o u n d   w h e r e i n   R4  and   R5  e a c h   a r e   a  
10  h y d r o g e n   a t o m   and   n  i s   an  i n t e g e r   of   1  t o   4.  A n o t h e r   o f  

t h e m   i s   a  c o m p o u n d   w h e r e i n   R4  and   R5  e a c h   a r e   an  a l k y l  

g r o u p   h a v i n g   1  or   2  c a r b o n   a t o m s   and  n  i s   an  i n t e g e r   of  1 

to  4 .  

15  S p e c i f i c   e x a m p l e s   of  t h e   b i s u l f i t e   a d d i t i o n   c o m p o u n d   o f  

t h i s   i n v e n t i o n   a r e   shown  b e l o w ,   b u t   by  no  m e a n s   l i m i t e d   t o  

t h e s e   . 

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

I I - l   S o d i u m   a c e t a l d e h y d e   b i s u l f i t e  

I I - 2   S o d i u m   p r o p i o n a l d e h y d e   b i s u l f i t e  

I I - 3   S o d i u m   b u t y l a l d e h y d e   b i s u l f i t e  

I I - 4   S o d i u m   a c e t o n e   b i s u l f i t e  

I I - 5   S o d i u m   b u t a n o n e   b i s u l f i t e  

I I -   6  S o d i u m   p e n t a n o n e   b i s u l f i t e  

I I I -   l  S o d i u m   s u c c i n a l d e h y d e   b i s b i s u l f i t e  

I I I - 2   S o d i u m   g l u t a l a l d e h y d e   b i s b i s u l f i t e  

I I I - 3   S o d i u m   6 - m e t h y l g l u t a l a l d e h y d e   b i s b i s u l f i t e  

I I I - 4   S o d i u m   m a l e i c   d i a l d e h y d e   b i s b i s u l f i t e  

I I I - 5   S o d i u m   2  ,  4 - p e n t a n e d i o n e   b i s b i s u l f i t e  

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

may  be  u s e d   by  u s i n g   one  k i n d   t h e r e o f   a l o n e   or  two  or   m o r e  

t h e r e o f   in  c o m b i n a t i o n ,   and   can   be  u s e d   in  an  a m o u n t   o f  

0 . 0 1   mol  to   2  mols   ,  p r e f e r a b l y   0 . 0 2   to  1  mol ,   and  m o r e  

p r e f e r a b l y   0 . 0 5   to   0 . 5   m o l e ,   p e r   l i t e r   of  t h e  
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b l e a c h - f i x i n g   s o l u t i o n   of   t h i s   i n v e n t i o n .  

E m b o d i m e n t   i i )   o f   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 .  

I t   has   b e e n   c o n v e n t i o n a l l y   known  i n ,   f o r   e x a m p l e ,   J a p a n e s e  

P a t e n t   P u b l i c a t i o n   No.  389  3 7 / 1 9 7 5 ,   e t c .   t h a t   p o l y v i n y l  

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

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

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

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

b e e n   f r e q u e n t l y   u s e d   as  a  b l e a c h i n g   a g e n t   of   b l e a c h - f i x i n g  

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

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

w i t h   r e g a r d   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   h i g h l y  

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

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

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

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

s o l u t i o n   h a v i n g   t h e   pH  of  3  to   6 . 8 ,   i t   was  f o u n d   t h a t  

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

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

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

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

t h e   e f f e c t   a i m e d   a t   in  t h i s   i n v e n t i o n   as  m e n t i o n e d   a b o v e  

can  be  e x h i b i t e d ,   t h u s   a c c o m p l i s h i n g   t h i s   i n v e n t i o n .  

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

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

p o l y m e r   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 .  

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

or  a  c o p o l y m e r   t h e r e o f   w i t h   a d d i t i o n a l   c o p o l y m e r i   z a b l e  

m o n o m e r   ( s ) ,   b u t   i t   i s   r e q u i r e d   to  be  w a t e r - s o l u b l e   as  a  

p o l y m e r   . 
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The  a b o v e   a d d i t i o n a l   m o n o m e r   c o p o l y m e r   i z a b l e   w i t h   v i n y l  

p y r r o l i d o n e   may  t y p i c a l l y   i n c l u d e ,   f o r   e x a m p l e ,   v i n y l  

e s t e r s ,   a c r y l a t e s ,   m e t h a c r y l a t e s   ,  a c r y l i c   a c i d s ,  

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

v i n y l   b u t y r a t e .   The  a c r y l i c   e s t e r s   may  i n c l u d e ,   f o r  

e x a m p l e ,   m e t h y l   e s t e r ,   e t h y l   e s t e r ,   b u t y l   e s t e r ,   2 - e t h y l  

h e x y l   e s t e r ,   e t c .   In  t h e   c a s e   of  t h e   c o p o l y m e r   of  t h e s e ,  

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

10  t h e   r a n g e   of   5  to   100  mol  %  b a s e d   on  t h e   v i n y l  

p y r r o l i d o n e   . 

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

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

15  b u t   i t   may  p r e f e r a b l y   in   t h e   r a n g e   of  500  to   8 0 0 , 0 0 0 ,   m o r e  

p r e f e r a b l y   2 , 0 0 0   to   4 0 0 , 0 0 0 .  

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

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

20  f o r   e x a m p l e ,   a c c o r d i n g   to   t h e   f o l l o w i n g :  

P r e c i s e l y   1 , 0 0 0   g  of  a  p o l y m e r   s a m p l e   is   w e i g h e d   a n d  

i n t r o d u c e d   in  a  100  ml  m e s s f l a s k ,   to   w h i c h   d i s t i l l e d   w a t e r  

is   a d d e d   to  p r e p a r e   a  1  %  a q u e o u s   s o l u t i o n ,   and  t h e  
25  v i s c o s i t y   of  t h e   a q u e o u s   s o l u t i o n   and   t h a t   of  t h e   w a t e r  

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

was  u t i l i z e d   a  U b b e l o h d e ' s   c a p i l l a r y   v i s c o m e t e r   f o r   t h e  

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

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

30  k e p t   to   s t a n d   a t   20°C  +  0 . 0 1 ° C   f o r   30  m i n u t e s   to  m e a s u r e  

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

g a u g e s .   An  a v e r a g e   v a l u e   f o r   s e v e r a l   t i m e s   was  t a k e n   a n d  

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

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

35  F low  t i m e   of  t h e   s o l u t i o n  
1  r  ei   = F low   t i m e   of  t h e   s o l v e n t  



B a s e d   on  t h e   r e l a t i v e   v i s c o s i t y ,   t h e   v a l u e   K  i s   d e t e r m i n e d  

a c c o r d i n g   to   F i k e n t s c h e r   '  s  v i s c o s i t y   f o r m u l a   ( s e e  

P h y s i k a l i s c h e   U.  T e c h n o l o g i s c h e   P r i i f   u n g s v e r f a h r e n   f u r  

L a c k e   und  i h r e   R o h s t o f f e ,   1953   E d i t . ) ,   and  t h e   a v e r a g e  
m o l e c u l a r   w e i g h t   i s   d e t e r m i n e d   f r o m   t h e   v a l u e   K  a c c o r d i n g  

to   a  u s u a l   m e t h o d .  

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

i n v e n t i o n   a r e   shown   b e l o w ,   b u t   by  no  means   l i m i t e d   t o  

t h e s e .  

E x e m p l a r y   c o m p o u n d s :  

(1)  P o l y v i n y l   p y r r o l i d o n e   ( a v e r a g e   m o l e c u l a r   w e i g h t :  

a b o u t   4 0 , 0 0 0 )  

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

a b o u t   9 , 0 0 0 )  

(3)  P o l y v i n y l   p y r r o l i d o n e   ( a v e r a g e   m o l e c u l a r   w e i g h t :  

a b o u t   1 6 , 0 0 0 )  

(4)  V i n y l   p y r r o l i d o n e /   v i n y l   a c e t a t e   c o p o l y m e r  

(  c o p o l y m e r   i z a t i o n   m o l a r   r a t i o :   7 : 3 )  

( a v e r a g e   m o l e c u l a r   w e i g h t :   4 , 0 0 0 )  

(5)  V i n y l   p y r r o l i d o n e / m e t h y l   a c r y l a t e   c o p o l y m e r  

( c o p o l y m e r   i z a t i o n   m o l a r   r a t i o :   7 : 3 )  

( a v e r a g e   m o l e c u l a r   w e i g h t :   1 , 0 0 0 )  

(6)  V i n y l   p y r r o l i d o n e / e t h y l   a c r y l a t e   c o p o l y m e r  

(  c o p o l y m e r   i z a t i o n   m o l a r   r a t i o :   7 : 3 )  

( a v e r a g e   m o l e c u l a r   w e i g h t :   2 5 , 0 0 0 )  

(7)  V i n y l   p y r r o l i d o n e / b u t y l   a c r y l a t e   c o p o l y m e r  

(  c o p o l y m e r   i  z a t i o n   m o l a r   r a t i o :   7 : 3 )  

( a v e r a g e   m o l e c u l a r   w e i g h t :   7 , 0 0 0 )  

(8)  V i n y l   p y r r o l i d o n e / 2 - e t h y l   h e x y l   a c r y l a t e   c o p o l y m e r  

( c o p o l y m e r i z a t i o n   m o l a r   r a t i o :   7 : 3 )  

( a v e r a g e   m o l e c u l a r   w e i g h t :   1 8 , 0 0 0 )  

(9)  V i n y l   p y r r o l i d o n e / s t y r e n e   c o p o l y m e r  

( c o p o l y m e r i z a t i o n   m o l a r   r a t i o :   1 : 3 )  

( a v e r a g e   m o l e c u l a r   w e i g h t :   2 0 , 0 0 0 )  



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

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

of  t h e   p o l y m e r ,   t h e   p o l y m e r i z a t i o n   d e g r e e   and  so  f o r t h ,  

b u t   a p p r o x i m a t e l y   may  p r e f e r a b l y   in  t h e   r a n g e   of  0 . 1   t o  

100  g,  more   p r e f e r a b l y   0 . 2   to   50  g,  s t i l l   more   p r e f e r a b l y  

0 . 3   to   20  g,  and   p a r t i c u l a r l y   p r e f e r a b l y   0 .5   to   10  g,  p e r  

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

The  v i n y l   p y r r o l i d o n e   p o l y m e r   of  t h i s   i n v e n t i o n   may  b e  

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

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

be  a d d e d   by  d i s s o l v i n g   i t   in   a  s o l v e n t   s u c h   as  w a t e r .  

In  e m b o d i m e n t   i i )   o f   t h i s   i n v e n t i o n ,   t h e   a b o v e   v i n y l  

p y r r o l i d o n e   p o l y m e r   of   t h i s   i n v e n t i o n   may  be  m o r e  

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

s h e l f   s t a b i l i t y   of  t h e   b l e a c h - f i x i n g   s o l u t i o n ,   when  a  

s u l f i t e   or   a  s u l f   i t e - r e l e a s a b l e   c o m p o u n d   ( f o r   e x a m p l e ,  

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

J a p a n e s e   P a t e n t   P u b l i c a t i o n   No.  3 8 8 9 5 / 1 9 7 9 )   i s   u s e d   i n  

c o m b i n a t i o n   w i t h   i t .  

In  t h i s   e m b o d i m e n t   i i   )  ,  t h e   s u l f i t e   or   t h e   s u l f   i t e -  

r e l e a s a b l e   c o m p o u n d   may  p r e f e r a b l y   be  c o n t a i n e d   in  a n  

a m o u n t   of  1  x  1 0 " ^   mo]_  or  more   p e r   l i t e r   of  t h e   b l e a c h -   ' 

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

p r e f e r a b l y   in   an  a m o u n t   of  n o t   l e s s   t h a n   0 . 0 2   mol  and   n o t  

more   t h a n   2 .0   mols   ,  s t i l l   more   p r e f e r a b l y   n o t   l e s s   t h a n  

0 .0   5  mol  and  n o t   more   t h a n   1 . 3   m o l s ,   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   0 . 0 9   mol  and  n o t   more   t h a n   0 .9   m o l .  

The  a b o v e   s u l f i t e   may  i n c l u d e   ammon ium  s u l f i t e ,   s o d i u m  

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

E m b o d i m e n t   i i i )   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 .  
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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   c o m p o u n d s   r e p r e s e n t e d  

r e s p e c t i v e l y   by  G e n e r a l   F o r m u l a s   ( IV)   t o   ( V I I ) ,   u s e d   i n  

e m b o d i m e n t   i i i )   a r e   s h o w n   b e l o w .  

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

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

G e n e r a l   F o r m u l a s   ( IV)  to  ( V I I )   may  be  u s e d   a l s o   in  t h e  

f o r m   of   a  f r e e   a c i d   ( h y d r o g e n   s a l t ) ,   or   may  a l s o   be  u s e d  

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

s u c h   as   a  s o d i u m   s a l t ,   a  p o t a s s i u m   s a l t   and   a  l i t h i u m   s a l t  

o r   an  a m m o n i u m   s a l t ,   or  w a t e r   s o l u b l e   a m i n e   s a l t s ,   f o r  

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

p o t a s s i u m   s a l t ,   a  s o d i u m   s a l t   and  an  ammon ium  s a l t .  

10 

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

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

t h e   c o m p o u n d   r e p r e s e n t e d   by  G e n e r a l   F o r m u l a   ( I )   a n d   f e r r i c  

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

!5  t h e   c o m p o u n d s   r e p r e s e n t e d   r e s p e c t i v e l y   by  G e n e r a l   F o r m u l a s  

( IV)  to   ( V I I )   of  t h i s   i n v e n t i o n   a r e   u s e d ,   t h e   l a t t e r  

f e r r i c   c o m p l e x   s a l t   may  p r e f e r a b l y   be  in  t h e   r a n g e   o f   1 

mol  %  to  95  mol  %,  more   p r e f e r a b l y   5  mol  %  to  90  mol  %, 

and  m o s t   p r e f e r a b l y   10  mol  %  to   80  mol  %,  b a s e d   on  t h e  

20  t o t a l   a m o u n t   of   t h e s e .  

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

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

i on   and  s h e l f   s t a b i l i t y   i s   t h e   c o m b i n a t i o n   of  t h e   c o m p o u n d  
25  r e p r e s e n t e d   by  G e n e r a l   F o r m u l a   ( I )   w i t h   t h e   c o m p o u n d   VI -   3 

or   V I - 7 .   P a r t i c u l a r l y   e f f e c t i v e   i s   t h e   c o m b i n a t i o n   of  1 - 1  

w i t h   V I - 7   or  t h e   c o m b i n a t i o n   of  1 -2   w i t h   V I - 7 .  

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

30  c o m p o u n d   r e p r e s e n t e d   by  G e n e r a l   F o r m u l a   ( I )   and  t h a t  

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

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

F o r m u l a s   ( IV)  to   ( V I I )   of  t h i s   i n v e n t i o n   can   be  u s e d   i n  

any  a m o u n t   in  t h e   b l e a c h - f i x i n g   s o l u t i o n   of  t h i s   i n v e n t i o n  
35  so  l o n g   as  i t   i s   in  an  a m o u n t   s u f f i c i e n t   f o r   o b t a i n i n g   t h e  

e f f e c t   of  t h i s   i n v e n t i o n .   H o w e v e r ,   o v e r l y   h i g h  



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

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

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

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

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

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

p r e f e r a b l y   in  t h e   r a n g e   of   0 . 0 2   to   1 . 3 0   m o l / l i t . ,   m o r e  

p r e f e r a b l y   0 . 1 0   to  1 . 2 0   m o l / l i t . ,   in   t h e   t o t a l   a m o u n t   o f  

t h e m .   P a r t i c u l a r l y ,   t h e   e f f e c t   of  t h i s   i n v e n t i o n   can   b e  

p r e f e r a b l y   e x h i b i t e d   when  u s e d   in   t h e   r a n g e   of   0 . 2 0   t o  

0 . 8 0   m o l / l i t .  

In  t h e   p r e s e n t   e m b o d i m e n t ,   t h e r e   can   be  f o u n d   a  f e a t u r e   i n  

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

t h e   c o m p o u n d   r e p r e s e n t e d   by  G e n e r a l   F o r m u l a   ( I )   a n d   f e r r i c  

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

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

r e s p e c t i v e l y   by  G e n e r a l   F o r m u l a s   ( IV)  t o   ( V I I )   of  t h i s  

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

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

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

in  t h e   b l e a c h - f i x i n g   s o l u t i o n   of   t h i s   i n v e n t i o n .  

In  g e n e r a l ,   i t   i s   known  to   u s e   s e v e r a l   k i n d s   of  b l e a c h i n g  

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

p e r f o r m a n c e s .   For   e x a m p l e ,   R e s e a r c h   D i s c l o s u r e   No.  2 4 0 2 3  

( A p r i l ,   1 9 8 4 )   d i s c l o s e s   a  t e c h n i q u e   in  w h i c h   s e v e r a l   k i n d s  

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

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

r e p r o d u c t i o n   i n f e r i o r i t y ,   s t a i n   and   a i r   o x i d a t i o n   r a t e .  

H o w e v e r ,   t h e   f a c t   has   b e e n   u n k n o w n   a t   a l l   t h a t   t h e   s h e l f  

s t a b i l i t y   of   t h e   b l e a c h - f i x i n g   s o l u t i o n   of  t h i s   i n v e n t i o n  

can  be  r e m a r k a b l y   i m p r o v e d   by  a d d i n g   t h e   f e r r i c   c o m p l e x  

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

c o m p o u n d s   r e p r e s e n t e d   r e s p e c t i v e l y   by  G e n e r a l   F o r m u l a s  



-  21  -  

( IV)  to   (VTI)   to   f e r r i c   c o m p l e x   s a l t   h a v i n g   a  l i g a n d  

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

( I ) .   A l s o ,   t h i s   i s   a  s u r p r i s i n g   f a c t   t h a t   can   n o t   b e  

o b v i o u s ,   c o n s i d e r i n g   t h a t   t h e r e   can   be  no  e f f e c t   o f  
5  i m p r o v i n g   t h e   s h e l f   s t a b i l i t y   even   w i t h   use   of  t h e  

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

i n v e n t i o n   i f   t h e   pH  i s   o u t s i d e   t h e   r a n g e   of  t h i s  

i n v e n t i o n   r  and   t h a t   t h e r e   can   be  no  e f f e c t   of   i m p r o v i n g  

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

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

a g e n t s   o t h e r   t h a n   t h o s e   of  t h i s   i n v e n t i o n .  

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

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

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

Such   c o m p o u n d s   may  i n c l u d e   ammon ium  s u l f i t e ,   s o d i u m  

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

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

20 

T h e s e   c o m p o u n d s   may  be  u s e d   in  an  a m o u n t   of  0 . 0 0 1   mol  t o  

2 . 0   m o l s ,   p r e f e r a b l y   0 . 0 0 1   mol  to   1 .3   m o l s ,   m o s t  

p r e f e r a b l y   0 . 0 1   mol  to   0 . 9   m o l ,   p e r   l i t e r   of  t h e  

b l e a c h - f i x i n g   s o l u t i o n   of  t h i s   i n v e n t i o n .  

25 

The  s i l v e r   h a l i d e   f i x i n g   a g e n t   to   be  c o n t a i n e d   in  t h e  

b l e a c h - f i x i n g   s o l u t i o n   of  t h i s   i n v e n t i o n   may  i n c l u d e   a  

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

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

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

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

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

t h i o c y a n a t e ,   s o d i u m   t h i o c y a n a t e   and   ammonium  t h i o c y a n a t e ,  

t h i o u r e a s ,   t h i o e t h e r s ,   h i g h l y   c o n c e n t r a t e d   b r o m i d e s ,  
35  i o d i d e s ,   e t c .   T h e s e   f i x i n g   a g e n t s   can  be  u s e d   in  a n  

a m o u n t   of  no t   l e s s   t h a n   5  g / l i t . ,   p r e f e r a b l y   n o t   l e s s   t h a n  
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50  g r / l i t . r   o r   more   p r e f e r a b l y   n o t   l e s s   t h a n   70  g / l i t .   a n d  

in  t h e   a m o u n t   of   t h e   r a n g e   t h e y   c an   be  d i s s o l v e d .  

The  b l e a c h - f i x i n g   s o l u t i o n   of  t h i s   i n v e n t i o n   may  c o n t a i n  

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

a r e   a l k a l i   h a l i d e s   or   a m m o n i u m   h a l i d e s ,   f o r   e x a m p l e ,  

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

ammonium  b r o m i d e ,   p o t a s s i u m   i o d i d e ,   s o d i u m   i o d i d e ,  

ammonium  i o d i d e ,   e t c .  

10 

The  b l e a c h - f i x i n g   s o l u t i o n   of  t h i s   i n v e n t i o n   may  c o n t a i n ,  

a l o n e   or   in   c o m b i n a t i o n   of  two  or   more   o f ,   pH  b u f f e r i n g  

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

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

a c e t i c   a c i d ,   s o d i u m   a c e t a t e ,   a m m o n i u m   h y d r o x i d e ,   e t c .   I t  

may  f u r t h e r   c o n t a i n   e v e r y   k i n d   of  b r i g h t e n i n g   a g e n t s ,  

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

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

20  o r g a n i c   c h e l a t i n g   a g e n t s   s u c h   as  a c e t y l   a c e t o n e ,  

p h o s p h o n o c a r b o x y l i c   a c i d ,   p o l y p h o s p h o r i c   a c i d ,   o r g a n i c  

p h o s p h o n i c   a c i d ,   o x y c a r b o x y l i c   a c i d ,   p o l y c a r b o x y l i c   a c i d ,  

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

s t a b i l i z e r s   s u c h   as  n i t r o a l c o h o l   and   n i t r a t e ,   s o l u b i l i z i n g  
25  a g e n t s   s u c h   as  a l k a n o l a m i n e   ,  a n t i - s t a i n   a g e n t s   s u c h   a s  

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

as  m e t h a n o l ,   d i m e t h y l f   o r m a m i d e   and   d i m e t h y l s u l f   o x i d e   . 

A  b l e a c h   a c c e l e r a t o r   may  p r e f e r a b l y   be  u s e d   in  t h e  

30  b l e a c h - f i x i n g   s o l u t i o n   of  t h i s   i n v e n t i o n .   For   e x a m p l e ,  

t h e r e   can   be  u s e d   t h e   c o m p o u n d s   d e s c r i b e d   in  J a p a n e s e  

U n e x a m i n e d   P a t e n t   P u b l i c a t i o n   No.  1 9 8 5 1 / 1 9 8 7 ,   a n d ,   t o  

e x h i b i t   t h e   e f f e c t   of  t h i s   i n v e n t i o n   w i t h   good   r e s u l t s ,  

t h e   c o m p o u n d s   r e p r e s e n t e d   r e s p e c t i v e l y   by  G e n e r a l   F o r m u l a s  

35  ( A - I )   to  ( A - I v )   shown   b e l o w .  
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15 

G e n e r a l   F o r m u l a   ( A - I ) :  

Q  i  \  
!  c - s r  

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

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

u n s a t u r a t e d   r i n g   of  5  or   6  m e m b e r s ) ;   Rj_  r e p r e s e n t s   a  

10  h y d r o g e n   a t o m ,   an  a l k a l i   m e t a l   a t o m ,  

- s - c   ; 

N  '  

or  an  a l k y l   g r o u p ,   p r o v i d e d   t h a t   Q  '  h a v e   t h e   same  m e a n i n g  

15  as  d e f i n e d   f o r   Q1# 

G e n e r a l   F o r m u l a   ( A - I I ) :  

/  R>  \  

\  R3  X  /   ni 

In  t h e   f o r m u l a ,   R2  and   R^  e a c h   r e p r e s e n t   a  h y d r o g e n   a t o m ,  
an  a l k y l   g r o u p   h a v i n g   1  to   6  c a r b o n   a t o m s ,   a  h y d r o x y l  

g r o u p ,   a  c a r b o x y l   g r o u p ,   an  a m i n o   g r o u p ,   an  a c y l   g r o u p  

25  h a v i n g   1  to   3  c a r b o n   a t o m s   ,  an  a r y l   g r o u p   or  an  a l k e n y l  

g r o u p .   A  r e p r e s e n t s   a  g r o u p   o f ;  

R  R  R 
/   /   /  

- C - N   - ( C H 2 ) n 2 - C - N   - ( S ) m , - C - i N  
II  \   II  \   II  \ D .  

30  x ,   R'  
f  v '   R  '  

,  X'   R 

R  R  
/   /  

'  - ( S ) m 2 - ( C H 2 ) n 3 - C - N   -   (  S  -   (  C  H  : ) n r   N 

35  X  '  R  
,  

^  
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10 

15 

- ( S ) m 4 - N   - ( N H ) n 5 - ( C H 2 ) m 5 - ( N H ) n 5 - C - N  

R  
/  

- S - M - S - C - N   - S Z  

X '   R  , 

or   a  h e t e r o c y c l i c   r e s i d u a l   g r o u p   w i t h   a  v a l e n c e   of  n ^  
( i n c l u d i n g   t h o s e   c o n d e n s e d   w i t h   an  u n s a t u r a t e d   r i n g   o f   5 

or  6  m e m b e r s ) ;   a n d   X  r e p r e s e n t s   =S,   =0  or   =NR"  .  H e r e ,   R 

15  and   R'  e a c h   h a v e   t h e   same  m e a n i n g   as  R2  and   R^,  X'  h a v e  

t h e   same   m e a n i n g   a s   X;  Z  r e p r e s e n t s   a  h y d r o g e n   a t o m ,   a n  

a l k a l i   m e t a l   a t o m ,   an  a m m o n i u m   g r o u p ,   an  a m i n o   g r o u p ,   a  

n i t r o g e n - c o n t a i n i n g   h e t e r o c y c l i c   g r o u p ,   an  a l k y l   g r o u p   o r  

/ R 4  
20  - S - B - Y   ;  M  r e o r e s e n t s   a  d i v a l e n t   m e t a l   a t o m ;  

\  
R5 

R"  r e p r e s e n t s   a  h y d r o g e n   a t o m ,   an  a l k y l   g r o u p   h a v i n g   1  t o  

6  c a r b o n   a t o m s ,   a  c y c l o a l k y l   g r o u p ,   an  a r y l   g r o u p ,   a  

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

25  w i t h   an  u n s a t u r a t e d   r i n g   of   5  or   6  m e m b e r s )   or   an  a m i n o  

g r o u p ;   and  to   n^  and   m^  to   m  ̂ e a c h   r e p r e s e n t   an  i n t e g e r  
of  1  to   6.  B  r e p r e s e n t s   an  a l k y l e n e   g r o u p   h a v i n g   1  to   6 

c a r b o n   a t o m s ;   Y  r e p r e s e n t s   -NC^  or   - C H ^ ,   R^  and   R^  - e a c h  

h a v e   t h e   same  m e a n i n g   as  R2  and   R^,  p r o v i d e d   t h a t   R^  a n d  

30  R^  e a c h   may  r e p r e s e n t   - B - S Z ,   or   R2  and   R^,  and  R^  and   R^ 
e a c h   may  c o m b i n e   to   f o r m   a  r i n g .  

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

c o m p o u n d s   of  e n o l   f o r m   and  ' s a l t s   t h e r e o f .  
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20 

25 

G e n e r a l   F o r m u l a   ( A - I I I ) :  

\ i - ( B , - S - t ^ Z i  

R 7  

In  t h e   f o r m u l a ,   Rg  and   R7  e a c h   r e p r e s e n t   a  h y d r o g e n   a t o m ,  

an  a l k y l   g r o u p   h a v i n g   1  to   6  c a r b o n   a t o m s   ,  a  h y d r o x y l  

g r o u p ,   a  c a r b o x y l   g r o u p ,   an  a m i n o   g r o u p ,   an  a c y l   g r o u p  

10  h a v i n g   1  to  3  c a r b o n   a t o m s ,   an  a r y l   g r o u p ,   an  a l k e n y l  

g r o u p   or  - B ^ - s - z - ^ ,   p r o v i d e d   t h a t   Rg  and   R7  may  c o m b i n e   t o  

f o r m   a  r i n g .   r e p r e s e n t s   J^N-   o r   ^ C H - ;   B1  r e p r e s e n t s  

an  a l k y l e n e   g r o u p   h a v i n g   1  t o   6  c a r b o n   a t o m s ;   Z^ 

r e p r e s e n t s   a  h y d r o g e n   a t o m ,   an  a l k a l i   m e t a l   a t o m ,   a n  

15  ammon ium  g r o u p ,   an  a m i n o   g r o u p ,   a  n i t r o g e n - c o n t a i n i n g  

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

R r  
/   6 

- S - B ^ - Y - ^   ;  and   n^  r e p r e s e n t s   an  i n t e g e r   of  1  to   6 .  

* 7  

G e n e r a l   F o r m u l a   ( IV)  : 

1 

R«  R  >o 
I  

*  
I 

- N - B z - A r - 3 3 - N - R n  
I 

( H ) x   ( H ) y  

( C   )z  

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

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

a r y l   g r o u p   w i t h   an  o x y g e n   a t o m   a n d / o r   an  a l k y l e n e   g r o u p ;  

30  ~5>2  and  B^  e a c h   r e p r e s e n t   a  l o w e r   a l k y l e n e   g r o u p ;   Rg,  R g /  

Rj_g  and   R-^  e a c h   r e p r e s e n t   a  h y d r o x y l - 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 ;   and  x  and   y  e a c h   r e p r e s e n t   0  or   1.  G '  

r e p r e s e n t s   an  a n i o n ;   and   z  r e p r e s e n t s   0,  1  or  2 .  

35  S p e c i f i c   e x a m p l e s   of  t h e   b l e a c h i n g   a c c e l e r a t o r s   p r e f e r a b l y  

u s a b l e   in  t h i s   i n v e n t i o n   a r e   shown  b e l o w .  
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10 

(  A  -   1  ) 

N  —   - N  

(  A  -   3  ) 

C  2  H  

(  A  -   2  ) 

H S  

N  —   N  

H  

N C H 2 C H 2 - S - S - C H 2 C H 2 N  
• C 2 H 5  

C2  K 5  

15 

20 

(  A  -   4  ) 

. N C H : C K 2   —   S—  S  —   C H 2 C H 2   N  

(  A  -   5  ) 

25 
C H ,  

^ N - C H . C H  •S  H  

30 

(  A  -   6  ) 

C  N  H  
" N C H 2 C H 2   S —   C ^  

C  H3  N  K 2  
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(  A  -   7  ) 

H 2 N —   C S N H N H C   S - N H ,  

10 

15 

(  A  -   8  ) 

C H 2 N   (  C H z C H z O H ) :  
I  H  

( C Z © ) 2  

C H 2 N   (  C H 2 C H 2 O H ) 2  
©  

20 

25 

(  A  -   9  ) 

C H 2 N   (  C H 2 C H 2 0 r i ) 2  
1  H  

^  
(  CZ0)  2 C Z 0 )  

C H 2 N   (  C H 2 C H 2 0 H ) :  
0   ' 

30 

The  b l e a c h i n g   a c c e l e r a t o r   may  p r e f e r a b l y   a d d e d   in  a n  

a m o u n t   r a n g i n g   f r o m   a b o u t   0 . 0 1   to   100  g,  more   p r e f e r a b l y  

0 . 0 5   to  50  g,  and  p a r t i c u l a r l y   p r e f e r a b l y   0 . 0 5   to   15  g ,  

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

35 

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

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

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

b l e a c h - f i x i n g   s o l u t i o n   of  t h i s   i n v e n t i o n   can   p r e f e r a b l y   b e  
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a l s o   a p p l i e d   in   t h e   low  r e p l e n i s h m e n t   p r o c e s s i n g .   H e r e ,  
i t   i s   e x p e c t e d   t h a t   i o d i d e   i o n s   a r e   a c c u m u l a t e d   in  t h e  

b l e a c h - f i x i n g   s o l u t i o n   of  t h i s   i n v e n t i o n .   A l t h o u g h   t h e  

a c c u m u l a t i o n   of  i o d i d e   i o n s   i s   c o n v e n t i o n a l l y   known  t o  

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

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

i n v e n t i o n   may  c a u s e   s u b s t a n t i a l l y   no  l o w e r i n g   of  t h e  

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

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

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

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

t h e   b l e a c h - f i x i n g   s o l u t i o n   w i t h o u t   t a k i n g   t h e   s t e p   o f  

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

p r o c e s s i n g .  

15 

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

c o n t a i n e d   in  t h e   b l e a c h - f i x i n g   s o l u t i o n   in  an  a m o u n t   o f  

n o t   l e s s   t h a n   0 . 0 0 0 5   m o l / l i t .   More  p r e f e r a b l y ,   i t   m a y  

p r e f e r a b l y   c o n t a i n e d   in  t h e   b l e a c h - f i x i n g   s o l u t i o n   in   a n  
20  a m o u n t   of  n o t   l e s s   t h a n   0 . 0 0 1   m o l / l i t .  

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

of  t h i s   i n v e n t i o n   may  be  n o t   l o n g e r   t h a n   3  m i n u t e s   and   3 0  

s e c o n d s   w i t h o u t   any   p r o b l e m ,   b u t   may  p r e f e r a b l y   be  n o t  
25  l o n g e r   t h a n   3  m i n u t e s ,   more   p r e f e r a b l y   in   2  m i n u t e s   and   30  

s e c o n d s   . 

The  b l e a c h - f i x i n g   s o l u t i o n   of   t h i s   i n v e n t i o n   may  be  u s e d ,  

a t   a  t e m p e r a t u r e   of   80°C  or  l e s s   ,  d e s i r a b l y   55°C  or  l e s s ,  
30  and   m o s t   p r e f e r a b l y   45°C  or   l e s s .   I t   can   a l s o   d e s i r a b l y  

be  u s e d   w h i l e   s u p p r e s s i n g   e v a p o r a t i o n   or  t he   l i k e .  

The  b l e a c h - f i x i n g   s o l u t i o n   of   t h i s   i n v e n t i o n   can   b e  

a p p l i e d   in  any  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   p h o t o g r a p h i c  
35  m a t e r i a l s   so  l o n g   as  t h e y   a r e   l i g h t - s e n s i t i v e   p h o t o g r a p h i c  

m a t e r i a l s   f o r   p h o t o g r a p h i n g .   S p e c i f i c a l l y ,   chey   m a y  
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p r e f e r a b l y   be  l i g h t - s e n s i t i v e   m a t e r i a l s   e m p l o y i n g   a  h i g h l y  

s e n s i t i v e   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   h a v i n g   a  s i l v e r  

i o d i d e   c o n t e n t   of   n o t   l e s s   t h a n   0 .5   mol  %,  more   p r e f e r a b l y  

n o t   l e s s   t h a n   1  mol  %  p e r   l i t e r .  

5 

The  b l e a c h - f i x i n g   s o l u t i o n   of  t h i s   i n v e n t i o n   may  be  u s e d  

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

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

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

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

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

t h e   c o l o r   d e v e l o p i n g .   The  p r o c e s s i n g   by  u se   of   t h e  
T5  b l e a c h - f i x i n g   s o l u t i o n   of   t h i s   i n v e n t i o n   may  be  a l s o  

f o l l o w e d   by  w a s h i n g   w i t h   w a t e r ,   and  t h e r e a f t e r   may  b e  

f o l l o w e d   by  s t a b i l i z i n g .   I t   can   be  a l s o   a p p l i e d   in  t h e  

m u l t i - s t e p   c o u n t e r   c u r r e n t   s t a b i l i z i n g   t e c h n i q u e   in  w h i c h  

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

20  w a s h i n g   is   e x t r e m e l y   r e d u c e d   as  d i s c l o s e d   in  J a p a n e s e  

U n e x a m i n e d   P a t e n t   P u b l i c a t i o n   No.  8 5 4 3 / 1 9 8 2   or   t h e  

p r o c e s s i n g   t e c h n i q u e   in  w h i c h   a  w a s h i n g - s u b s t i t u t   i v e  

p r o c e s s i n g   s o l u t i o n   i s   u s e d   as  d i s c l o s e d   in  J a p a n e s e  

U n e x a m i n e d   P a t e n t   P u b l i c a t i o n   No.  148  3  4 / 1 9 8   3.  I f  

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

d e v e l o p i n g ,   b l e a c h - f i x i n g   and  w a s h i n g ,   t h e r e   can   be  a l s o  

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

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

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

30 

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

a p p l i e d   in  t h i s   i n v e n t i o n   can   be  c h e m i c a l l y   s e n s i t i z e d  

a c c o r d i n g   to   a  c o n v e n t i o n a l   m e t h o d ,   and  can  be  o p t i c a l l y  

s e n s i t i z e d   to  a  d e s i r e d   w a v e l e n g t h   r e g i o n   by  u s i n g   a  
35  s e n s i t i z i n g   d y e .  
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An  a r t t i f f a g r g a n t ,   a  s t a b i l i z e r   and  so  f o r t h   can  be  a d d e d   i n  

t h e   s i l v e r   h a l i d e   e m u l s i o n .   As  a  b i n d e r   f o r   t h e   e m u l s i o n ,  

g e l a t i n ,   can   be  u s e d   a d v a n t a g e o u s l y .  

5  E m u l s i o n   l a y e r s   and   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   c a n  

be  h a r d e n e d ,   and   a l s o   can   c o n t a i n   a  p l a s t i c i z e r ,   a  

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

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

10  C o u p l e r s   can   be  u s e d   in  t h e   e m u l s i o n   l a y e r s   of   a  l i g h t -  

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

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

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

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

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

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

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

20  an  o x i d i z e d   p r o d u c t   of   a  d e v e l o p i n g   a g e n t .  

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  p r o v i d e d   w i t h  

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

p r e v e n t i v e   l a y e r   and   an  i r r a d i a t i o n - p r e v e n t i v e   l a y e r .  
25  T h e s e   l a y e r s   a n d / o r   e m u l s i o n   l a y e r s   may  a l s o   c o n t a i n   a  d y e  

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

A  m a t t e   a g e n t ,   a  l u b r i c a n t ,   an  i m a g e - s t a b i l i z i n g   a g e n t ,   a  

30  s u r f a c e   a c t i v e   a g e n t ,   a  c o l o r   fog   p r e v e n t i v e   a g e n t ,   a  

d e v e l o p m e n t   a c c e l e r a t o r ,   a  d e v e l o p m e n t   r e t a r d e r   or   a  

b l e a c h i n g   a c c e l e r a t o r   may  be  a d d e d   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   . 

35  As  a  s u p p o r t ,   t h e r e   can   be  - u s e d   p a p e r   l a m i n a t e d   w i t h  

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

D e t a i l s   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   b y  

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

means   l i m i t e d   by  t h e s e   . 

E x a m p l e   1  

( E x p e r i m e n t   1 )  

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

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

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

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

c o n t a i n i n g   y e l l o w   c o l l o i d a l   s i l v e r ,   and   a  b l u e - 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   so  as  to   g i v e   a  t o t a l   s i l v e r  

a m o u n t   of   88  mg  p e r   100  cm^.  The  a b o v e   e m u l s i o n   l a y e r s  

c o m p r i s e d   s i l v e r   i o d o b r o m i d e   h a v i n g   s i l v e r   i o d i d e   mol  %  o f  

a b o u t   4 .3   %,  and   t h e r e   w e r e   u s e d   t h e   f o l l o w i n g   ( Y - l )   as   a  

y e l l o w   c o u p l e r   in  t h e   b l u e - 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 ,   t h e   f o l l o w i n g   ( M - l )   as   a  m a g e n t a   c o u p l e r  

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

t h e   f o l l o w i n g   ( C - l )   as   a  c y a n   c o u p l e r   in  t h e   r e d - 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 .   To  t h e   r e s p e c t i v e   e m u l s i o n  

l a y e r s ,   a  s e n s i t i z i n g   d y e ,   a  h a r d e n i n g   a g e n t   and   a  

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

a  s a m p l e   . 
Y e l l o w   C o u p l e r   ( Y - l ) :  

C H :  
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M a g e n t a   C o u p l e r   ( M - l ) :  

10 

C £  

0 - » "  

C H n C O N H  

Ii 
N 

O C ^ K ,  

C . H , , ( t )  

Cyan  C o u p l e r   ( C - l ) :  

15 O H  

C 5 H , , ( t )  

C O  N  
H ( C H z ) , O n ^ ) - - C ; H , 1 ( t )  

2o; 

25 

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

p i e c e s   and   s u b j e c t e d   to   w e d g e   e x p o s u r e   a c c o r d i n g   a  

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

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

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

30 

P r o c e s s i n g   s t e p  

C o l o r  
d e v e l o p i n g  

B l e a c h -  
f i x i n g  

W a s h i n g  

S t a b i l i z i n g  

3. 

A 

P r o c e s s i n g   t e m p ,  
< ° C )  

3 7 . 8  

3 7 . 8  

30  to  34  

30  to  34  

N u m b e r   P r o c e s s i n g  
of  t a n k s   t i m e  

1  t a n k   3  min  15  s e c  

1  t a n k  

2  t a n k s  

1  t a n k  

4  min  20  s e c  

4  min  20  s e c  

2  min  10  s e c  
35 5  .  D r y i n g  
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As  f a r   t h e   c o l o r   d e v e l o p i n g   s o l u t i o n ,   b l e a c h - f i x i n g  

s o l u t i o n   and  s t a b i l i z i n g   s o l u t i o n ,   t h e   s o l u t i o n s   as  s h o w n  

b e l o w   w e r e   u s e d .  

[ C o l o r   d e v e l o p i n g   s o l u t i o n ]  

P o t a s s i u m   c a r b o n a t e   30  g  

S o d i u m   h y d r o g e n c a r b o n a t e   2 . 5   g  

P o t a s s i u m   s u l f i t e   5 . 0   g  

S o d i u m   b r o m i d e   1 . 2   g  

P o t a s s i u m   i o d i d e   2  mg 

H y d r o x y l a m i n e   s u l f a t e   2 . 5   g  

S o d i u m   c h l o r i d e   0 . 6   g  

S o d i u m   d i e t h y l e n e t r i a m i n e p e n t a a c e t a t e   2 . 0   g  

N-e  t h y l - N -   8  - h y d r o x y   e  t h y   l - 3 - m e t h y l - 4 - a m i n o a n i   l i n e   s u l f a t e  

4 . 5   g  

P o t a s s i u m   h y d r o x i d e   1 . 2   g  

Made  up  to   1  l i t e r   by  a d d i n g   w a t e r ,   and   a d j u s t e d   to  pH 

1 0 . 0 6   w i t h   use   of  s o d i u m   h y d r o x i d e   or  20  %  s u l f u r i c   a c i d .  

[ B l e a c h - f i x i n g   s o l u t i o n ]  

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

T a b l e   1  0 . 2 5   m o l  

Ammonium  t h i o s u l f a t e   (a  70  %  s o l u t i o n )   300  m l  

P r e s e r v a t i v e   shown  in  T a b l e   1  Amount   shown  in  T a b l e   1 

S i l v e r   p o w d e r   2 .0   g  

Made  up  to   1  l i t e r   in  t o t a l   a m o u n t   by  a d d i n g   w a t e r ,   a n d  

a d j u s t e d   t h e   pH  as  s h o w n   in  T a b l e   1  w i t h   u s e   of  a c e t i c  

a c i d   and  a m m o n i a   w a t e r .  

[ S t a b i l i z i n g   s o l u t i o n ]  

F o r m a l i n   (a  37  %  a q u e o u s   s o l u t i o n )   2  m l  

C o n i d a x   ( p r o d u c 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 . )  

5  m l  

Made  up  to   1  l i t e r   by  a d d i n g   w a t e r .  
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T a b l e   1 

B l e a c h - f i x i n g   O r g a n i c   a c i d   pH  P r e s e r v a t i v e  
s o l u t i o n   w h i c h   f o r m s   ( a m o u n t ,  
No.  f e r r i c   m o l / l i t .   ) 

c o m p l e x  

1-1  ( C o m p a r a t i v e )   8 . 0  

1-2  ( C o m p a r a t i v e )   7 . 0  

1-3  ( C o m p a r a t i v e )   E t h y l e n e -   6 .8   E x e m p l a r y  

1 -4   ( C o m p a r a t i v e )   d i a m i n e t e t r a -   6 .7   c o m p o u n d  

1-5  ( C o m p a r a t i v e )   a c e t i c   a c i d   6 .5   No.  I I   -  1  

1 -6   ( C o m p a r a t i v e )   (EDTA)  5 . 0   ( 0 . 2 0 )  

1-7   ( C o m p a r a t i v e )   4 . 0  

1-8   ( C o m p a r a t i v e )   3 . 0  

1-   9  ( C o m p a r a t i v e )   2 . 0  

2-  1  ( C o m p a r a t i v e )   8 . 0  

2-2  ( C o m p a r a t i v e )   7 . 0  

2-3  ( C o m p a r a t i v e )   6 . 8  

2 -4   ( P r e s e n t   i n v e n t i o n )   E x e m p l a r y   6 .7   E x e m p l a r y  

2-5  ( P r e s e n t   i n v e n t i o n )   c o m p o u n d   No.  6 .5   c o m p o u n d   N o .  

2-6  ( P r e s e n t   i n v e n t i o n )   I  -  1  5 .0   I I   -  1 

2-7  ( P r e s e n t   i n v e n t i o n )   4 .0   ( 0 . 2 0 )  

2-8  ( P r e s e n t   i n v e n t i o n )   3 . 0  

2-  9  ( P r e s e n t   i n v e n t i o n )   2 . 0  

3-  1  ( C o m p a r a t i v e )   8 . 0  

3-2  ( C o m p a r a t i v e )   7 . 0  

3-3  ( P r e s e n t   i n v e n t i o n )   6 . 8  

3-4  ( P r e s e n t   i n v e n t i o n )   E x e m p l a r y   6 .7   E x e m p l a r y  

3-5  ( P r e s e n t   i n v e n t i o n )   c o m p o u n d   No.  6 .5   c o m p o u n d   N o .  

3-6  ( P r e s e n t   i n v e n t i o n )   1 - 2   5 .0   I I   -  1 

3-7  ( P r e s e n t   i n v e n t i o n )   4 .0  ( 0 . 2 0 )  

3-8  ( P r e s e n t   i n v e n t i o n )   3 . 0  

3-9  ( C o m p a r a t i v e )   2 . 0  
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T a b l e   1  ( c o n t ' d )  

B l e a c h - f   i x i r t g   O r g a n i c   a c i d   pH  P r e s e r v a t i v e  
s o l u t i o n ,   w h i c h   f o r m s   ( a m o u n t ,  
No.  f e r r i c   m o l / l i t .   ) 

c o m p l e x  

4-1  ( C o m p a r a t i v e )   8 . 0  

4-2   ( C o m p a r a t i v e )   7 . 0  

4-3  ( P r e s e n t   i n v e n t i o n )   6 . 8  

4-4   ( P r e s e n t   i n v e n t i o n )   E x e m p l a r y   6 .7   E x e m p l a r y  

4-5  ( P r e s e n t   i n v e n t i o n )   c o m p o u n d   No.  6 .5   c o m p o u n d   N o .  

4-6  ( P r e s e n t   i n v e n t i o n )   1 - 3   5 .0   I I   -  1 

4-7  ( P r e s e n t   i n v e n t i o n )   4 .0   ( 0 . 2 0 )  

4-8  ( P r e s e n t   i n v e n t i o n )   3 . 0  

4-  9  ( C o m p a r a t i v e )   2 . 0  

5-  1  ( C o m p a r a t i v e )   8 . 0  

5 -2   ( C o m p a r a t i v e )   7 . 0  

5-3  ( C o m p a r a t i v e )   E t h y l e n e -   6 .8   E x e m p l a r y  

5 -4   ( C o m p a r a t i v e )   d i a m i n e t e t r a -   6 .7   c o m p o u n d   N o .  

5-5  ( C o m p a r a t i v e )   a c e t i c   a c i d   6 .5   I I I   -  1 

5-6  ( C o m p a r a t i v e )   (EDTA)  5 .0   ( 0 . 1 0 )  

5-7  ( C o m p a r a t i v e )   4 . 0  

5-8   ( C o m p a r a t i v e )   3 . 0  

5-  9  ( C o m p a r a t i v e )   2 . 0  

6-  1  ( C o m p a r a t i v e )   8 . 0  

6-2  ( C o m p a r a t i v e )   7 . 0  

6-3  ( P r e s e n t   i n v e n t i o n )   6 . 8  

6-4   ( P r e s e n t   i n v e n t i o n )   E x e m p l a r y   6 .7   E x e m p l a r y  

6-5  ( P r e s e n t   i n v e n t i o n )   c o m p o u n d   No.  6 .5   c o m p o u n d   N o .  

6-6  ( P r e s e n t   i n v e n t i o n )   I  -  1  5 .0   I I I   -  1 

6-7  ( P r e s e n t   i n v e n t i o n )   4 .0   ( 0 . 1 0 )  

6-8  ( P r e s e n t   i n v e n t i o n )   3 . 0  

6-9  ( C o m p a r a t i v e )   2 . 0  
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T a b l e   1  ( c o n t ' d )  

B l e a c h - f i x i n g   O r g a n i c   a c i d   pH  P r e s e r v a t i v e  
s o l u t i o n   w h i c h   f o r m s   ( a m o u n t ,  
No.  f e r r i c   m o l / l i t .   ) 

c o m p l e x  

7-1  ( C o m p a r a t i v e )   8 . 0  

7-2  ( C o m p a r a t i v e )   7 . 0  

7-3  ( P r e s e n t   i n v e n t i o n )   6 . 8  

7-4  ( P r e s e n t   i n v e n t i o n )   E x e m p l a r y   6 .7   E x e m p l a r y  

7-5  ( P r e s e n t   i n v e n t i o n )   c o m p o u n d   No.  6 .5   c o m p o u n d   N o .  

7-6  ( P r e s e n t   i n v e n t i o n )   1 - 2   5 .0   I I I   -  1 

7-7  ( P r e s e n t   i n v e n t i o n )   4 .0   ( 0 . 1 0 )  

7-8  ( P r e s e n t   i n v e n t i o n )   3 . 0  

7-  9  ( C o m p a r a t i v e )   2 . 0  

8-  1  ( C o m p a r a t i v e )   8 . 0  

8-2  ( C o m p a r a t i v e )   7 . 0  

8-3  ( P r e s e n t   i n v e n t i o n )   6 . 8  

8-4  ( P r e s e n t   i n v e n t i o n )   E x e m p l a r y   6 .7   E x e m p l a r y  

8-5  ( P r e s e n t   i n v e n t i o n )   c o m p o u n d   No.  6 .5   c o m p o u n d   N o .  

8-6  ( P r e s e n t   i n v e n t i o n )   1 - 3   5 .0   I I I   -  1 

8-7  ( P r e s e n t   i n v e n t i o n )   4 .0   ( 0 . 1 0 )  

8-8  ( P r e s e n t   i n v e n t i o n )   3 . 0  

8-9  ( C o m p a r a t i v e )   2 . 0  



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

p r o c e s s i n g   w e r e   s t o r e d   w i t h   t i m e   f o r   1  week   a t   38°C  u n d e r  

t h e   open   r a t i o   of   10  c m 2 / l i t .   ( w h i c h   is   t h e   o p e n   c o n d i t i o n  

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

m a c h i n e ,   and   m e a n t   t h a t   t h e   s o l u t i o n   has   an  a i r   c o n t a c t  

a r e a   of   10  cm4  b a s e d   on  1  l i t e r   of   t h e   b l e a c h - f i x i n g  

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

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

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

(mg/dm  )  a t   t h e   max imum  d e n s i t y   p o r t i o n   of  t h e   f i l m  

s a m p l e s   ( t h e   r e s p e c t i v e   s a m p l e s   a v a i l a b l e   b e f o r e   and   a f t e r  

t h e   s t o r a g e   w i t h   t i m e ,   of  t h e   b l e a c h - f i x i n g   s o l u t i o n s )   w a s  

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

c y a n   dye   d e n s i t y   was  f u r t h e r   m e a s u r e d   w i t h   u s e   of   S a k u r a  

P h o t o e l e c t r i c   D e n s i t o m e t e r   PDA-65  ( p r o d u c 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 . )   t o   d e t e r m i n e   t h e   c o l o r  

r e p r o d u c t i o n   p e r c e n t a g e .  

R e s u l t s   o b t a i n e d   a r e   shown  in  T a b l e   2  t o g e t h e r   . 
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I t   i s   u n d e r s t o o d   f r o m   t h e   a b o v e   T a b l e   2  t h a t   in  t h e   c a s e  

t h e   b l each .—  f i x i n g   s o l u t i o n s   w i t h   pH  r a n g e   of  3 . 0   to   6 . 8  

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

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

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

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

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

4 .0   to   € - 7 ,   and   p a r t i c u l a r l y   good   r e s u l t s   a r e   o b t a i n e d  

when  t h e   pH  i s   5 . 0   to   6 . 5 .  

10 

H o w e v e r ,   a c c o r d i n g   to   t h e   c o m p a r a t i v e   b l e a c h - f i x i n g  

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

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

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

15  s o l u t i o n s   w e r e   s t o r e d   w i t h   t i m e .  

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

Nos  .  I I - l   and   I I I - 1   u s e d   as  p r e s e r v a t i v e s   in  t h e   a b o v e  

b l e a c h - f i x i n g   s o l u t i o n s   Nos .   1 - 1   to   8-9   a r e   r e p l a c e d   b y  

20  i i -   2  to   I I - 6   and  I I I - 2   to   I I I - 5 ,   r e s p e c t i v e l y .  

( E x p e r i m e n t   2 )  

In  b l e a c h - f i x i n g   s o l u t i o n s   N o s .   1 -1   and  2 -1   u s e d   in  t h e  

25  a b o v e   E x p e r i m e n t   1,  t h e   t y p e s   of  t h e   p r e s e r v a t i v e s   in  t h e  

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

a d d i t i o n   w e r e   c h a n g e d   as  shown  in  T a b l e   3  b e l o w   and  t h e   pH 

was  a d j u s t e d   to  6 . 0 ,   to   p r e p a r e   b l e a c h - f i x i n g   s o l u t i o n s  

Nos .   9 -1   to  9-3  and  Nos .   1 0 - 1   to  1 0 - 3 .   U s i n g   t h e   a b o v e  

30  b l e a c h - f i x i n g   s o l u t i o n s ,   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  

c o r r e s p o n d i n g   to  t h o s e   in  E x p e r i m e n t   1  we re   p r o c e s s e d ,   a n d  

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

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

in  E x p e r i m e n t   1.  U s i n g   t h e   b l e a c h - f i x i n g   s o l u t i o n s   s t o r e d  

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

r e p r o d u c t i o n   p e r f o r m a n c e   w e r e   m e a s u r e d   in  t h e   same  m a n n e r  
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as   in   E x p e r i m e n t   1  t o   o b t a i n   t h e   r e s u l t s   s h o w n   t o g e t h e r  
T a b l e   3 .  

A l s o ,   a f t e r   s t o r a g e   f o r   1  w e e k ,   t h e   s t o r a g e   was  f u r t h e r  

5  c o n t i n u e d   u n d e r   t h e   o p e n   r a t i o   of   10  t i m e s   to   v i s u a l l y  

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

o c c u r r e d .  

R e s u l t s   o b t a i n e d   a b o v e   a r e   shown   t o g e t h e r   in  T a b l e   3 .  
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As  w i l l   he  c l e a r   f r o m   T a b l e   3,  i t   i s   u n d e r s t o o d   t h a t ,   i n  

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

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

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

5  b l e a c h - f i x i n g   s o l u t i o n s   in  w h i c h   t h e   o r g a n i c   a c i d   w h i c h  

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

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

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

even   when  s t o r e d   w i t h   t i m e ,   and   a l s o   can  a c h i e v e   g o o d  

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

of  a  dye   i m a g e   to   be  o b t a i n e d   by  u s e   of  s a i d   s o l u t i o n .  

I t   i s   s e e n   f r o m   t h e   r e s u l t s   in   t h e   a b o v e   E x p e r i m e n t   1  a n d  

E x p e r i m e n t   2  t h a t   t h e   b l e a c h - f i x i n g   s o l u t i o n s   a c c o r d i n g   t o  

15  t h i s   i n v e n t i o n ,   in   o t h e r   w o r d s ,   t h e   b l e a c h - f i x i n g  

s o l u t i o n s   h a v i n g   t h e   pH  r a n g i n g   b e t w e e n   3 .0   and   6 . 8 ,  

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

c o m p r i s i n g   a  c o m p o u n d   r e p r e s e n t e d   by  G e n e r a l   F o r m u l a   ( I )   , 
and   f u r t h e r   c o n t a i n i n g   t h e   b i s u l f i t e   a d d i t i o n   c o m p o u n d   o f  

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

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

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

o c c u r r e d ,   and   can   h a v e   g o o d   s h e l f   s t a b i l i t y .   In  a d d i t i o n ,  

t h e   b l e a c h - f i x i n g   s o l u t i o n s   of  t h i s   i n v e n t i o n   had   n o  
25  a m m o n i a c a l   o d o r   a t   a l l   . 

E x a m p l e   2 

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

30  m a n n e r   as  in  E x p e r i m e n t   1  of  E x a m p l e   1.  H e r e ,   h o w e v e r ,  

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

No.  I I - 4   in  t h e   b l e a c h - f i x i n g   s o l u t i o n s   w e r e   u s e d   i n  

c o n c e n t r a t i o n   of  0 . 2 5   m o l / l i t . ,   t h e   t y p e s   of  t h e   b l e a c h i n g  

a g e n t s   we re   s e l e c t e d   as  shown  in  T a b l e   4,  and   t h e  
35  c o n c e n t r a t i o n   of  t h e   b l e a c h i n g   a g e n t s   was  v a r i e d   as  s h o w n  

in  T a b l e   4.  The  pH  of  t h e   b l e a c h - f i x i n g   s o l u t i o n s   w a s  



a d j u s t e d   t o   6 . 0 .  

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

E x p e r i m e n t   1  of  E x a m p l e   1  was  c a r r i e d   o u t .   R e s u l t s   a r e  

shown  in   T a b l e   4 .  

N e x t ,   a l l   of  t h e   b l e a c h - f i x i n g   s o l u t i o n s   w e r e   c o n t i n u o u s l y -  

s t o r e d   in  t h e   same  m a n n e r   as  in  E x p e r i m e n t   2  of  E x a m p l e   1 

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

s u l f i d i z e d .   R e s u l t s   a r e   shown  t o g e t h e r   in  T a b l e   4 .  
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£s  w i l l   be  c l e a r   f r o m   T a b l e   4,  among  t h e   b l e a c h - f i x i n g  

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

c x m t e n t   of   b l e a c h i n g   a g e n t   in  t h e   r a n g e   of   0 . 0 2   m o l / l i t .  

to   1 . 3 0   m o l / l i t . ,   p r e f e r a b l y   0 . 1 0   to   1 . 2 0   m o l / l i t . ,   a n d  

5  more   p r e f e r a b l y   0 . 2 0   to   0 . 8   m o l / l i t . ,   a r e   s e e n   to   be  g o o d  

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

c o l o r   r e p r o d u c t i o n   p e r f o r m a n c e s   and   may  n o t   be  s u l f   i d i   z e d  

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

10  E x a m p l e   3 

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

m a n n e r   as  in  E x p e r i m e n t   1  of  E x a m p l e   1.  H e r e ,   h o w e v e r ,   a s  

t h e   p r e s e r v a t i v e   in   t h e   b l e a c h - f i x i n g   s o l u t i o n s   ,  t h e  
15  p r e s e r v a t i v e   in   b l e a c h - f i x i n g   s o l u t i o n   No.  1 - 1   u s e d   i n  

E x p e r i m e n t   1  of  E x a m p l e   1  was  r e p l a c e d   by  e x e m p l a r y  

c o m p o u n d   No.  I I - 6   ( c o n c e n t r a t i o n :   0 . 2   m o l / l i t ) ,   t h e  

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

shown  in  T a b l e   5,  and  t h e   c o n c e n t r a t i o n   of  KI  in  t h e  

20  b l e a c h - f i x i n g   s o l u t i o n s   was  v a r i e d   as  shown  in  T a b l e   5 

The  pH  of  t h e   b l e a c h - f i x i n g   s o l u t i o n s   was  a d j u s t e d   t o   6 . 0 .  

A f t e r   s t o r a g e   w i t h   t i m e ,   e v a l u a t i o n   on  t h e   d e s i l v e r i n g  

p e r f o r m a n c e   was  c a r r i e d   o u t   in  t h e   same  m a n n e r   as  i n  

25  E x p e r i m e n t   1  of  E x a m p l e   1.  R e s u l t s   o b t a i n e d   a r e   s h o w n   i n  

T a b l e   5 .  

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

b l e a c h i n g   and  f i x i n g   a c c o r d i n g   to  t h e   CNK-4  s t a n d a r d  

30  p r o c e s s i n g   ( c o l o r   n e g a t i v e   p r o c e s s i n g   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 . ) ,   a n d ,   a f t e r   t h e   r e s i d u a l   s i l v e r   w a s  

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

t r a n s m i s s i o n   d e n s i t y   of  m a g e n t a   d y e s   was  m e a s u r e d .   T h e  

v a l u e   o b t a i n e d   was  d e s i g n a t e d   as  D  ^   N e x t ,   a f t e r   c o l o r  
35  d e v e l o p i n g   was  c a r r i e d   o u t   in  t h e   same  m a n n e r   as  i n  

E x p e r i m e n t   1  of  E x a m p l e   1,  t h e   t r a n s m i s s i o n   d e n s i t y   o f  



m a g e n t a   d y e s   of   t h e   s a m p l e s   s u b j e c t e d   to   b l e a c h i n g   a n d  

f i x i n g   a c c o r d i n g   to  t h e   CNK-4  s t a n d a r d   p r o c e s s i n g   w a s  

m e a s u r e d ,   a n d   t h e   r e s u l t i n g   v a l u e   was  d e s i g n a t e d   as  D_ 

The  d i f f e r e n c e   b e t w e e n   Dtq  and   Dr2  was  d e t e r m i n e d   ( 4 D R  
e v a l u a t e   t h e   m a g e n t a   s t a i n .  
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T a b l e   5 

O r g a n i c   a c i d   KI  a m o ^ n t   R e s i d u a l   M a g e n t a  
w h i c h   f o r m s   (x  1 0 " 3   s i l v e r   s ~ a i n  

T e s t   No-  f e r r i c   com-  m o l / l i t . )   a m o u n t   ^ a D r )  
p i   ex  s a l t   ( m g /  
( m o l / l i t . )   1 0 0 c m 2 )  

3-  1  ( C o m p a r a t i v e )   0  5 .8   0 .0   7 

3-  2  ( C o m p a r a t i v e )   E t h y l e n e -   0 . 5   7 . 4   0 .0   5 
d i a m i n e -  

3-  3  ( C o m p a r a t i v e )   t e t r a a c e t i c   0 . 9   8 .6   0 .0   4 
a c i d   ( 0 . 3  

3-  4  ( C o m p a r a t i v e )   m o l / l i t . )   1 . 0   9 .8   0 . 0 1  

3-  5  ( C o m p a r a t i v e )   2 .0   1 1 . 0   0 . 0 1  

3-  6  ( P r e s e n t   0  0 . 2   0 . 0 6  
i n v e n t i o n )  

3-  7  ( P r e s e n t   E x e m p l a r y   0 .5   0 . 2   0 . 0 4  
i n v e n t i o n )   c o m p o u n d  

(I  -  1 )  
3-  8  ( P r e s e n t   0 .9   0 .3   0 .0   4 

i n v e n t i o n )   ( 0 . 3 0   m o l /  
l i t .   ) 

3-  9  ( P r e s e n t   1 . 0   0 .3   0 . 0 2  
i n v e n t i o n )  

3 - 1 0   ( P r e s e n t   2 .0   0 .4   0 . 0 0  
i n v e n t i o n )  

i 

3 - 1 1   ( P r e s e n t   0  0 .3   0 . 0 7  
i n v e n t i o n )  

3 - 1 2   ( P r e s e n t   E x e m p l a r y   0 .5   0 .3   0 .0   6 
i n v e n t i o n )   c o m p o u n d  

(I  -  2)  
3 - 1 3   ( P r e s e n t   0 .9   0 . 4   0 . 0 5  

i n v e n t i o n )   ( 0 . 3 0   m o l /  
l i t .   ) 

3 - 1 4   ( P r e s e n t   1 .0   0 .6   0 . 0 2  
i n v e n t i o n )  

3 - 1 5   ( P r e s e n t   2 .0  0 .7   0 . 0 0  
j  i n v e n t i o n )   ; '  i l l  
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T a b l e   5  ( C o n t .   ) 

O r g a n i c   a c i d   KI  a m o u n t   R e s i d u a l   M a g e n t a  
w h i c h   f o r m s   (x  10~3  s i l v e r   s t a i n  

T e s t   No.  f e r r i c   com-   m o l / l i t . )   a m o u n t   ^ a D r )  
p l e x   s a l t   ( m g /  
( m o l / l i t . )   1 0 0 c m 2 )  

3 - 1 6   ( P r e s e n t   0  0 . 6   0 .0   7 
i n v e n t i o n )  

3 - 1 7   . ( P r e s e n t   E x e m p l a r y   0 .5   0.  6  0.  0  6 
i n v e n t i o n )   c o m p o u n d  

(I  -  3 )  
3 - 1 8   ( P r e s e n t   0 . 9   0 . 7   0 .0   4 

i n v e n t i o n )   ( 0 . 3 0   m o l /  
l i t .   ) 

3 - 1 9   ( P r e s e n t   1 . 0   0 . 8   0 . 0 1  
i n v e n t i o n )  

3 - 2 0   ( P r e s e n t   2 .0   1 . 0   0 . 0 0  
i n v e n t i o n )  



0270  217  

- 5 5   -  

As  w i l l   be  c l e a r   f r o m   T a b l e   5,  in  t h e   c o m p a r a t i v e  

b l e a c h - f i x i n g   s o l u t i o n s ,   t h e   a d d i t i o n   of  KI  can   make  s m a l l  

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

g r e a t l y   l o w e r e d .   H o w e v e r ,   in  t h e   b l e a c h - f i x i n g   s o l u t i o n s  

5  of  t h i s   i n v e n t i o n ,   n o t   o n l y   t h e   a d d i t i o n   of  KI  c a n  

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

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

g o o d   r e s u l t s   . 

10  E x a m p l e   4 

B l e a c h - f i x i n g   s o l u t i o n s   N o s .   1 - 1 1   to   1 - 1 6   and  Nos .   2 - 2 1   t o  

2 - 2 6   w e r e   p r e p a r e d   in  t h e   same  m a n n e r   as  in  E x p e r i m e n t   1 

of  E x a m p l e   1  e x c e p t   t h a t ,   in   t h e   b l e a c h - f i x i n g   s o l u t i o n s  

15  No.  1 -1   and   No.  2 - 1   p r e p a r e d   in  E x p e r i m e n t   1  of  E x a m p l e   1 ,  

t h e   pH  was  a d j u s t e d   to   6 . 0 ,   e x e m p l a r y   c o m p o u n d   No.  I I - 4  

( c o n c e n t r a t i o n :   0 . 1   m o l / l i t . )   was  u s e d   as  t h e  

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

shown  in  T a b l e   6  b e l o w .  

20 

U s i n g   t h e   b l e a c h - f i x i n g   s o l u t i o n s   t h u s   o b t a i n e d ,  

e v a l u a t i o n   was  c a r r i e d   o u t   in  t h e   same  m a n n e r   as  i n  

E x p e r i m e n t   1  and   E x p e r i m e n t   2  of  E x a m p l e   1  e x c e p t   t h a t   t h e  

b l e a c h - f i x i n g   t i m e   4  m i n u t e s   20  s e c o n d s   in  E x p e r i m e n t   1 

25  was  s e t   to   3  m i n u t e s   15  s e c o n d s .  

R e s u l t s   o b t a i n e d   a r e   shown  in  T a b l e   6 .  
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As  w i l l   be  c l e a r   f r o m   T a b l e   6  ,  in  t h e   c a s e   t h e   b l e a c h  

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

i n v e n t i o n   c a n   m a i n t a i n   g o o d   e f f e c t   in  any  of  t h e  

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

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

i n v e n t i o n ,   w h i c h   can   be  e f f e c t i v e   f o r   any  of  t h e  

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

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

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

and  s h e l f   s t a b i l i t y   when  t h e y   a r e   s t o r e d .  

E x a m p l e   5 

15  ( E x p e r i m e n t   1 )  

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

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

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

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

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

b l u e - 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   so  as  to   g i v e  

a  t o t a l   s i l v e r   a m o u n t   of  90  mg  p e r   100  cm  .  The  a b o v e  

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

25  i o d i d e   mol  %  of  a b o u t   4 . 1   %,  and  t h e r e   w e r e   u s e d   t h e   a b o v e  

( Y - l )   as  a  y e l l o w   c o u p l e r   in  t h e   b l u e - 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 ,   t h e   a b o v e   ( M - l )   as   a  m a g e n t a  

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

l a y e r ,   and   t h e   a b o v e   ( C - l )   as   a  c y a n   c o u p l e r   in  t h e  

30  r e d - 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 .   To.  t h e  

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

a  s e n s i t i z i n g   d y e ,   a  h a r d e n i n g   a g e n t   and  a  s p r e a d i n g   a g e n t  

w e r e   a d d e d .   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   c o l o r  

n e g a t i v e   m a t e r i a l s   t h u s   p r e p a r e d   was  u s e d   as  a  s a m p l e .  

35 

U s i n g   s a m p l e s   o b t a i n e d   by  c u t t i n g   t h e   a b o v e   s a m p l e   i n t o  
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p i e c e s   and   s u b j e c t e d   to   w e d g e   e x p o s u r e   a c c o r d i n g   a  

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

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

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

5 

P r o c e s s i n g   s t e p   P r o c e s s i n g   t e m p .   Number   P r o c e s s i n g  
(°C)   of  t a n k s   t i m e  

1.  C o l o r  
d e v e l o p i n g   3 7 . 8   1  t a n k   3  min  15  s e c  

2.  B l e a c h -  
f i x i n g   3 7 . 8   1  t a n k   4  min.  20  s e c  

3.  W a s h i n g   30  to   34  2  t a n k s   4  min  20  s e c  

4.  S t a b i l i z i n g   30  to   34  1  t a n k   2  min  10  s e c  

15  ^5.  D r y i n g  

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

s o l u t i o n   and   s t a b i l i z i n g   s o l u t i o n ,   t h e   s o l u t i o n s   as  s h o w n  

b e l o w   w e r e   u s e d .  

20 

[ C o l o r   d e v e l o p i n g   s o l u t i o n ]  

P o t a s s i u m   c a r b o n a t e   30  g  

S o d i u m   h y d r o g e n c a r b o n a t e   2 .5   g  
P o t a s s i u m   s u l f i t e   5 . 0   g  

25  S o d i u m   b r o m i d e   1 . 2   g  
P o t a s s i u m   i o d i d e   2  mg 

H y d r o x y l a m i n e   s u l f a t e   2 . 5   g  
S o d i u m   c h l o r i d e   0 . 6   g  

S o d i u m   d i e t h y l e n e t r   i a m i n e p e n t a a c e t a t e   2 . 0   g  
30  N - e t h y l - N - 6 - h y d r o x y e t h y l - 3 - m e t h y l - 4 - a m i n o a n i l - i n e   s u l f a t e  

4 . 5   g  
P o t a s s i u m   h y d r o x i d e   1 . 2   g  
Made  up  to   1  l i t e r   by  a d d i n g   w a t e r ,   and   a d j u s t e d   to   pH 
1 0 . 0 6   w i t h   u se   of  s o d i u m   h y d r o x i d e   or  20  %  s u l f u r i c   a c i d .  

35 

[ B l e a c h - f i x i n g   s o l u t i o n ]  
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F e r r i c   ammonium  c o m p l e x   s a l t   of  o r g a n i c   a c i d   as  shown  i n  

T a b l e   7  0 . 2 5   m o l  

Ammonium  t h i o s u l f a t e   (a  70  %  s o l u t i o n )   300  m l  

Ammonium  s u l f i t e   10  g  
5  E x e m p l a r y   v i n y l   p y r r o l i d o n e   p o l y m e r   (2)  1 . 0   g  

S i l v e r   p o w d e r   2 . 0   g  

Made  up  to   1  l i t e r   in  t o t a l   a m o u n t   by  a d d i n g   w a t e r ,   a n d  

a d j u s t e d   t h e   pH  as  shown   in  T a b l e   7  w i t h   u s e   of  a c e t i c  

a c i d   and  a m m o n i a   w a t e r .  

to  

[ S t a b i l i z i n g   s o l u t i o n ]  

F o r m a l i n   (a  37  %  a q u e o u s   s o l u t i o n )   2  m l  

C o n i d a x   ( p r o d u c 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 . )  

5  m l  
T5  Made  up  t o   1  l i t e r   by  a d d i n g   w a t e r .  
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_ > ± e a c n - r i x i n g   s o l u t i o n   O r g a n i c   a c i d   w h i c h   f o r m s   pH 
No.  f e r r i c   a m m o n i u m   s a l t  

1 1 - 1   ( C o m p a r a t i v e )   r  8 . 0  
1 1 -   2  ( C o m p a r a t i v e )   7 . 5  
1 1 -   3  ( C o m p a r a t i v e )   7 . Q  
1 1 -   4  ( C o m p a r a t i v e )   E t h y l e n e d i   a m i n e -   6 . 8  
1 1 -   5  ( C o m p a r a t i v e )   t e t r a a c e t i c   a c i d   6 . 7  
1 1 - 6   C C o m p a r a t i v e )   (EDTA)  6 . 5  
1 1 -   7  ( C o m p a r a t i v e )   5 . 0  
1 1 -   8  ( C o m p a r a t i v e )   4 ^ 0  
1 1 -   9  ( C o m p a r a t i v e )   3 . Q  
11-   10  ( C o m p a r a t i v e )   2 . 0  

1 2 -   1  ( C o m p a r a t i v e )   3 . Q  
1 2 - 2   ( C o m p a r a t i v e )   7 . 5  
1 2 - 3   ( C o m p a r a t i v e )   7 . 0  
1 2 -   4  ( C o m p a r a t i v e )   D i e t h y l e n e t r i a m i n e -   6 . 8  
1 2 -   5  ( C o m p a r a t i v e )   p e n t a a c e t i c   a c i d   6 . 7  
1 2 - 6   ( C o m p a r a t i v e )   (DTPA)  6 . 5  
1 2 -   7  ( C o m p a r a t i v e )   5 . Q  
1 2 -   8  ( C o m p a r a t i v e )   4 . 0  
12 -   9  ( C o m p a r a t i v e )   3 . 0  
1 2 -   10  ( C o m p a r a t i v e )   2 . 0  

1 3 -   1  ( C o m p a r a t i v e )   3 . 0  
1 3 -   2  ( C o m p a r a t i v e )   7 . 5  
1 3 -   3  ( C o m p a r a t i v e )   7 . 0  
13 -   4  ( P r e s e n t   i n v e n t i o n )   E x e m p l a r y   c o m p o u n d   6 . 8  
1 3 -   5  ( P r e s e n t   i n v e n t i o n )   No.  I  -  1  6 . 7  
13 -   6  ( P r e s e n t   i n v e n t i o n )   6 . 5  
13 -   7  ( P r e s e n t   i n v e n t i o n )   5 . 0  
13 -   8  ( P r e s e n t   i n v e n t i o n )   4 . 0  
13 -   9  ( P r e s e n t   i n v e n t i o n )   3 . 0  
1 3 - 1 0   ( C o m p a r a t i v e )   j  2  0 

1 
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T a b l e   7  ( c o n t ' d )  

B l e a c h - f i x i n g   s o l u t i o n   O r g a n i c   a c i d   w h i c h   f o r m s   pH 
No.  f e r r i c ,   ammonium  s a l t  

14 -   1  ( C o m p a r a t i v e )   8 . 0  

14-   2  ( C o m p a r a t i v e )   7 . 5  

1 4 -   3  ( C o m p a r a t i v e )   7 . 0  

1 4 - 4   ( P r e s e n t   i n v e n t i o n )   E x e m p l a r y   c o m p o u n d   6 . 8  

14 -   5  ( P r e s e n t   i n v e n t i o n )   No.  1 - 2   6 . 7  

1 4 -   6  ( P r e s e n t   i n v e n t i o n )   6 . 5  

14 -   7  ( P r e s e n t   i n v e n t i o n )   5 . 0  

1 4 -   8  ( P r e s e n t   i n v e n t i o n )   4 . 0  

14-   9  ( P r e s e n t   i n v e n t i o n )   3 . 0  

14-   10  ( C o m p a r a t i v e )   2 . 0  

1 5 -   1  ( C o m p a r a t i v e )   8 . 0  

1 5 -   2  ( C o m p a r a t i v e )   7 . 5  

15-   3  ( C o m p a r a t i v e )   7 . 0  

15-   4  ( P r e s e n t   i n v e n t i o n )   E x e m p l a r y   c o m p o u n d   6 . 8  

15 -   5  ( P r e s e n t   i n v e n t i o n )   No.  I  -  3  6 . 7  

15-   6  ( P r e s e n t   i n v e n t i o n )   6 . 5  

15 -   7  ( P r e s e n t   i n v e n t i o n )   5 . 0  

15 -   8  ( P r e s e n t   i n v e n t i o n )   4 . 0  

15-   9  ( P r e s e n t   i n v e n t i o n )   3 . 0  

1 5 - 1 0   ( C o m p a r a t i v e )   2 . 0  
I  ! 
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The  b l e a c h - f i x i n g   s o l u t i o n s   a v a i l a b l e   a f t e r   t h e   a b o v e  

p r o c e s s i n g   w e r e   s t o r e d   w i t h   t i m e   f o r   1  week  a t   38°C  u n d e r  

t h e   o p e n   r a t i o   o f   10  cm  / l i t .   ( w h i c h   is  t h e   o p e n   c o n d i t i o n  

c o r r e s p o n d i n g   to   t h a t   of  u s u a l   a u t o m a t i c   p r o c e s s i n g  
5  m a c h i n e ,   and   m e a n t   t h a t   t h e   s o l u t i o n   h a v e   an  a i r   c o n t a c t  

a r e a   of   10  cm  b a s e d   on  1  l i t e r   of  t h e   b l e a c h - f i x i n g  

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

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

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

10  (mg/dnr4-)  a t   t h e   max imum  d e n s i t y   p o r t i o n   of  t h e   f i l m  

s a m p l e s   ( t h e   r e s p e c t i v e   s a m p l e s   a v a i l a b l e   b e f o r e   and   a f t e r  

t h e   s t o r a g e   w i t h   t i m e ,   of  t h e   b l e a c h - f i x i n g   s o l u t i o n s )   w a s  

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

c y a n   dye   d e n s i t y   was  f u r t h e r   m e a s u r e d   w i t h   u s e   of   S a k u r a  

15  P h o t o e l e c t r i c   D e n s i t o m e t e r   PDA-65  ( p r o d u c 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 . )   t o   d e t e r m i n e   t h e   c o l o r  

r e p r o d u c t i o n   p e r c e n t a g e .  

R e s u l t s   o b t a i n e d   a r e   shown  in  T a b l e   8  t o g e t h e r   . 
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I t   is  u n d e r s t o o d   f r o m   t h e   a b o v e   T a b l e   8  t h a t   in  t h e   c a s e  

t h e   b l e a c h - f i x i n g   s o l u t i o n s   w i t h   pH  r a n g e   of   3 .0   to   6 . 8  

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

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

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

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

4 .0   to   6 . 7 ,   and   p a r t i c u l a r l y   g o o d   r e s u l t s   a r e   o b t a i n e d  

when  t h e   pH  i s   5 . 0   t o   6 . 5 .  

10 

H o w e v e r ,   a c c o r d i n g   t o   t h e   c o m p a r a t i v e   b l e a c h - f i x i n g  

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

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

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

15  pH  7  or   8,  b e c o m e   i n s u f f i c i e n t   a f t e r   s t o r a g e   f o r   1  w e e k .  

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

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

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

s o l u t i o n s   w e r e   s t o r e d   w i t h   t i m e .  

20 

( E x p e r i m e n t   2 )  

E x e m p l a r y   v i n y l   p y r r o l i d o n e   p o l y m e r   (2)  in   b l e a c h - f i x i n g  

s o l u t i o n   No.  13  u s e d   in  t h e   a b o v e   E x p e r i m e n t   1  was  c h a n g e d  
25  f o r   a  c o n t r o l ,   e x e m p l a r y   v i n y l   p y r r o l i d o n e   p o l y m e r s   N o s .  

( 1 ) ,   (3)  and   ( 5 ) ,   r e s p e c t i v e l y ,   and   t h e   pH  was  a d j u s t e d   t o  

6 . 0 ,   t o   p r e p a r e   b l e a c h - f i x i n g   s o l u t i o n s   N o s .   1 6 - 1   t o   1 6 - 5 .  

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 r r e s p o n d i n g   to   t h o s e   i n  

- E x p e r i m e n t   1  and   e m p l o y i n g   t h e   a b o v e   b l e a c h - f i x i n g  

30  s o l u t i o n s   w e r e   p r o c e s s e d ,   and  t he   r e s u l t i n g   b l e a c h - f i x i n g  

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

w i t h   t i m e   in  t h e   same  m a n n e r   as  in  E x p e r i m e n t   1.  U s i n g  

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

d e s i l v e r i n g   p e r f o r m a n c e   and  c o l o r   r e p r o d u c t i o n   p e r f o r m a n c e  
35  we re   m e a s u r e d   in   t h e   same  m a n n e r   as  in  E x p e r i m e n t   1  t o  

o b t a i n   t h e   r e s u l t s   s h o w n   t o g e t h e r   in  T a b l e   9  . 
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A l s o ,   a f t e r   s t o r a g e   f o r   1  w e e k ,   t h e   s t o r a g e   was  f u r t h e r  

c o n t i n u e d   u n d e r   t h e   o p e n   r a t i o   of   10  t i m e s   to   v i s u a l l y  

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

o c c u r r e d   . 
5 

R e s u l t s   o b t a i n e d   a b o v e   a r e   shown  t o g e t h e r   in  T a b l e   9 .  
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As  w i l l   be  c l e a r   f r o m   t h e   a b o v e   T a b l e   8,  i t   i s   u n d e r s t o o d  

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

a c c o r d i n g   to  t h i s   i n v e n t i o n   can  no t   o n l y   g r e a t l y   p r o l o n g  

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

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

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

In  a d d i t i o n ,   t h e   t e s t s   same  as  in  E x p e r i m e n t   2  w e r e  

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

10  (5)  u s e d   in   E x p e r i m e n t   No.  5 - 5 5   of  E x p e r i m e n t   2  w a s  

r e p l a c e d   by  ( 7 ) ,   ( 8 ) ,   (9)  a n d   ( 4 ) ,   r e s p e c t i v e l y ,   to   o b t a i n  

s u b s t a n t i a l l y   t h e   same,   r e s u l t s   as  t h o s e   f o r   No.  5 - 5 5   o f  

E x p e r i m e n t   2 

15  i t   i s   s e e n   f r o m   t h e   r e s u l t s   in  t h e   a b o v e   E x p e r i m e n t   1  a n d  

E x p e r i m e n t   2  t h a t   t h e   b l e a c h - f i x i n g   s o l u t i o n s   a c c o r d i n g   t o  

t h i s   i n v e n t i o n ,   in  o t h e r   w o r d s ,   t h e   b l e a c h - f i x i n g  

s o l u t i o n s   h a v i n g   t h e   pH  r a n g i n g   b e t w e e n   3 .0   and   6 . 8 ,  

c o n t a i n i n g   a  f e r r i c   c o m p l e x   s a l t   h a v i n g   a  l i g a n d  
20  c o m p r i s i n g   a  c o m p o u n d   r e p r e s e n t e d   by  G e n e r a l   F o r m u l a   ( I ) ,  

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

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

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

p r e v e n t   c o l o r   r e p r o d u c t i o n   i n f e r i o r i t y   f r o m   b e i n g  
25  o c c u r r e d ,   and   can   h a v e   good   s h e l f   s t a b i l i t y .   In  a d d i t i o n ,  

t h e   b l e a c h - f i x i n g   s o l u t i o n s   of  t h i s   i n v e n t i o n   had  n o  

a m m o n i a c a l   o d o r   a t   a l l .  

E x a m p l e   6 

30 

B l e a c h - f i x i n g   s o l u t i o n s   we re   s t o r e d   w i t h   t i m e   in  t h e   s a m e  

m a n n e r   as  in  E x p e r i m e n t   1  of  E x a m p l e   5.  H e r e ,   h o w e v e r ,  

t h e   ammonium  s u l f i t e   c o n c e n t r a t i o n   in  t h e   b l e a c h - f i x i n g  

s o l u t i o n s   was  c o n t r o l l e d   to  12  g / l i t . ,   t h e   t y p e s   of  t h e  

35  b l e a c h i n g   a g e n t s   w e r e   s e l e c t e d   as  shown  in  T a b l e   10,   a n d  

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



shown  in  T a b l e   10 .   The  pH  of  t h e   b l e a c h - f i x i n g   s o l u t i o n s  

was  a d j u s t e d   to   6 . 0 .  

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

E x p e r i m e n t   1  of  E x a m p l e   5  was  c a r r i e d   o u t .   R e s u l t s   a r e  

shown   in  T a b l e   1 0 .  

N e x t ,   a l l   of   t h e   b l e a c h - f i x i n g   s o l u t i o n s   w e r e   c o n t i n u o u s l y  

s t o r e d   in  t h e   same  m a n n e r   as  in  E x p e r i m e n t   2  of  E x a m p l e   5 

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

s u l f i d i z e d .   R e s u l t s   a r e   shown  t o g e t h e r   in   T a b l e   1 0 .  
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As  w i l l   be  c l e a r   f r o m   T a b l e   1 0 ,   among  t h e   b l e a c h - f i x i n g  

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

c o n t e n t :   o f   b l e a c h i n g   a g e n t   in  t h e   r a n g e   o f   0 . 0 2   m o l / l i t .  

to  1 . 3 0   m o l / l i t . ,   p r e f e r a b l y   0 . 1 0   to   1 . 2 0   m o l / l i t . ,   a n d  
5  more   p r e f e r a b l y   0 . 2 0   to   0 . 8   m o l / l i t . ,   a r e   s e e n   to   be  g o o d  

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

c o l o r   r e p r o d u c t i o n   p e r f o r m a n c e s   and  may  n o t   be  s u l f   i d i   z e d  

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

10  E x a m p l e   7  

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

m a n n e r   as  in   E x p e r i m e n t   1  of  E x a m p l e   5.  H e r e ,   h o w e v e r ,  

t h e   b l e a c h i n g   a g e n t   in   b l e a c h - f i x i n g   s o l u t i o n   No.  1 1 - 1  

15  u s e d   i n   E x p e r i m e n t   1  of   E x a m p l e   5  as  t h e   b l e a c h - f i x i n g  

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

T a b l e   11,   and  t h e   c o n c e n t r a t i o n   of  KI  in  t h e   b l e a c h - f i x i n g  

s o l u t i o n s   was  v a r i e d   as  shown  in  T a b l e   11 .   The  pH  of   t h e  

b l e a c h - f i x i n g   s o l u t i o n s   was  a d j u s t e d   t o   6 . 0 .  

20 

A f t e r   s t o r a g e   w i t h   t i m e ,   e v a l u a t i o n   on  t h e   d e s i l v e r i n g  

p e r f o r m a n c e   was  c a r r i e d   o u t   in  t h e   same  m a n n e r   as  i n  

E x p e r i m e n t   1  of  E x a m p l e   5.  R e s u l t s   o b t a i n e d   a r e   s h o w n   i n  

T a b l e   1 1 .  

25 

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

b l e a c h i n g   and   f i x i n g   a c c o r d i n g   to   t h e   CNK-4  s t a n d a r d  

p r o c e s s i n g   ( c o l o r   n e g a t i v e   p r o c e s s i n g   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 . ) ,   a n d ,   a f t e r   t h e   r e s i d u a l   s i l v e r   w a s  
30  p e r f e c t l y   r e m o v e d   by  c a r r y i n g   o u t   b l e a c h i n g   and  f i x i n g ,  

t r a n s m i s s i o n   d e n s i t y   of  m a g e n t a   d y e s   was  m e a s u r e d .   T h e  

v a l u e   o b t a i n e d   was  d e s i g n a t e d   as  DRl.   N e x t ,   a f t e r   c o l o r  

d e v e l o p i n g   was  c a r r i e d   o u t   in  t h e   same  m a n n e r   as  i n  

E x p e r i m e n t   1  of   E x a m p l e "   5,  t h e   t r a n s m i s s i o n   d e n s i t y   o f  

35  m a g e n t a   d y e s   of   t h e   s a m p l e s   s u b j e c t e d   to   b l e a c h i n g   a n d  

f i x i n g   a c c o r d i n g   to   t h e   CNK-4  s t a n d a r d   p r o c e s s i n g   w a s  
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l e a s u r e d ,   and   t h e   r e s u l t i n g   v a l u e   was  a e s i g n a t e a   as,  u R 2 .  

!he  d i f f e r e n c e   b e t w e e n   DR1  and   DR2  was  d e t e r m i n e d   (ADR)  t o  

t v a l u a t e   t h e   m a g e n t a   s t a i n .  
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T a b l e   1 1  

O r g a n i c   a c i d   KI  a m o t f n t   R e s i d u a l   M a g e n t a  
w h i c h   f o r m s   (x  1 0 " 3   s i l v e r   s t a i n  

T e s t   No.  f e r r i c   com-   m o l / l i t .   )  a m o u n t   ( a d r )  
p l e x   s a l t   ( m g /  
( m o l / l i t . )   1 0 0 c m 2 )  

7-   1(  C o m p a r a t i v e )   0  6 .0   0 .0   7 

7-  2  ( C o m p a r a t i v e )   E t h y l e n e -   0 . 5   6 .3   0 .0  7 
d i a m i n e -  

7-  3  ( C o m p a r a t i v e )   t e t r a a c e t i c   0 . 9   7 . 1   0 .0   6 
a c i d   ( 0 . 3  

7-  4  ( C o m p a r a t i v e )   m o l / l i t . )   1 . 0   9 .1   0 . 0 3  

7-  5  ( C o m p a r a t i v e )   2 .0   1 0 . 3   0 .0   2 

7-  6 ( P r e s e n t   0  0 .2   0 . 0 4  
i n v e n t i o n )  

7-  7  ( P r e s e n t   E x e m p l a r y   0 .5   0 . 2   0 .0   3 
i n v e n t i o n )   c o m p o u n d  

(I  -  1 )  
7-  8 ( P r e s e n t   0 .9   0 .3   0 . 0 3  

i n v e n t i o n )   ( Q . 3 0   m o l /  
l i t .   ) 

7-  9 ( P r e s e n t   1 . 0   0 .3   0 . 0 1  
i n v e n t i o n )  

7 - 1 0 ( P r e s e n t   2 .0   0 . 4   0 . 0 0  
i n v e n t i o n )  

7 - l l ( P r e s e n t   0  0 .3   0 . 0 4  
i n v e n t i o n )  

7  - 1 2   ( P r e s e n t   E x e m p l a r y   0 .5   0 .3   0 .0   4 
i n v e n t i o n )   c o m p o u n d  

(I  -  2 )  
7 - 1 3 ( P r e s e n t   0 .9   0 . 4   0 . 0 3  

i n v e n t i o n )   ( 0 . 3 0   m o l /  
l i t .   ) 

7 - 1 4 ( P r e s e n t   1 . 0   0 .5   0 . 0 2  
i n v e n t i o n   ) 

7 - 1 5 ( P r e s e n t   2 .0   0 .6   0 . 0 1  
i n v e n t i o n )  



II  — 

-<_uxc  i i   vuonr . .   ; 

O r g a n i c   a c i d   KI  a m o u n t   R e s i d u a l   M a g e n t a  
!?hlCh  f ° r m S   (x  10  s i l v e r   s t a i n  i e S t   No'  f e r r i c   com-  m o l / l i t . )   a m o u n t   (AD-  i 
p l e x   s a l t   (mg/   R '  
( m o l / l i t .   )  l O Q c m 2 )  

7 - 1 6 ( P r e s e n t   0 
i n v e n t i o n )   U#U4 

7 - 1 7   ( P r e s e n t   E x e m p l a r y   0 .5   0 .7   0  0 4  i n v e n t i o n )   c o m p o u n d  

7 - 1 8 ( P r e s e n t   
"  3)  

0 . 9  
i n v e n t i o n )   ( 0 . 3 0   m o l /  

7 - 1 9 ( P r e s e n t   
'  *  

1 > 0  
i n v e n t i o n )   •  U , U 2  

7 - 2 0 ( P r e s e n t   2>0  ± 
i n v e n t i o n )   U*U1 
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As  w i l l   be  c l e a r   f r o m   T a b l e   11  ,  in  t h e   c o m p a r a t i v e  

b l e a c h - f i x i n g   s o l u t i o n s ,   t h e   a d d i t i o n   of   KI  can   make  s m a l l  

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

g r e a t l y   l o w e r e d .   H o w e v e r ,   in   t h e   b l e a c h - f i x i n g   s o l u t i o n s  
5  of   t h i s   i n v e n t i o n ,   n o t   o n l y   t h e   a d d i t i o n   of  KI  c a n  

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

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

g o o d   r e s u l t s   . 

10  E x a m p l e   8 

B l e a c h - f i x i n g   s o l u t i o n s   Nos .   1 1 - 1 1   to   1 1 - 1 6   and   N o s .   1 3 - 3 2  

to  1 3 - 3 7   w e r e   p r e p a r e d   in  t h e   same  m a n n e r   as  in  E x p e r i m e n t  

1  of   E x a m p l e   5  e x c e p t   t h a t ,   in   t h e   b l e a c h - f i x i n g   s o l u t i o n s  

15  No.  1 1 - 1   and  No.  1 3 - 1   p r e p a r e d   in   E x p e r i m e n t   1  of   E x a m p l e  

5,  t h e   pH  was  a d j u s t e d   to   6 . 0   and   t h e   b l e a c h i n g  

a c c e l e r a t o r   was  a d d e d   as  shown  in  T a b l e   12  b e l o w .  

U s i n g   t h e   b l e a c h - f i x i n g   s o l u t i o n s   t h u s   o b t a i n e d ,  

20  e v a l u a t i o n   was  c a r r i e d   o u t   in  t h e   same  m a n n e r   as  i n  

E x p e r i m e n t   1  and   E x p e r i m e n t   2  of  E x a m p l e   5  e x c e p t   t h a t   t h e  

b l e a c h - f i x i n g   t i m e   4  m i n u t e s   20  s e c o n d s   in  E x p e r i m e n t   1 

was  s e t   to   3  m i n u t e s   15  s e c o n d s .  

25  R e s u l t s   o b t a i n e d   a r e   shown  in  T a b l e   12  . 
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As  w i l l   be  c l e a r   f r o m   T a b l e   12,  in  t h e   c a s e   t h e   b l e a c h i n g  

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

i n v e n t i o n   c an   m a i n t a i n   good   e f f e c t   in  any   of  t h e  

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

5  and  s h e l f   s t a b i l i t y   e v e n   when  s t o r e d .   In  c o n t r a s t  

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

i n v e n t i o n ,   w h i c h   can   be  e f f e c t i v e   f o r   any  of   t h e  

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

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

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

and   s h e l f   s t a b i l i t y   when  t h e y   a r e   s t o r e d .  

E x a m p l e   9 

t'5  ( E x p e r i m e n t   1 )  

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

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

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

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

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

b l u e - 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   so  as  to   g i v e  

a  t o t a l   s i l v e r   a m o u n t   of  93  mg  p e r   100  cm2.  The  a b o v e  

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

25  i o d i d e   mol  %  of  a b o u t   5 . 0   %  ,  and   t h e r e   w e r e   u s e d   t h e   a b o v e  

( Y - l )   as  a  y e l l o w   c o u p l e r   in  t h e   b l u e - 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 ,   t h e   a b o v e   ( M - l )   as   a  m a g e n t a  

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

l a y e r ,   and   t h e   a b o v e   ( C - l )   as  a  c y a n   c o u p l e r   in  t h e  

30  r e d - 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 .   To  t h e  

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

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

u s e d   as  a  s a m p l e .  

U s i n g   s a m p l e s   o b t a i n e d   by  c u t t i n g   t h e   a b o v e   s a m p l e   i n t o  
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p i e c e s   a n d   s u b j e c t e d   to   w e d g e   e x p o s u r e   a c c o r d i n g   to   a  

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

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

f o r   p i e c e s   ( h e r e i n a f t e r   c a l l e d   " h a n d   d e v e l o p i n g " ) .  
5 

P r o c e s s i n g   s t e p   P r o c e s s i n g   t e m p .   N u m b e r   P r o c e s s i n g  
(°C)   of  t a n k s   t i m e  

1.  C o l o r  
d e v e l o p i n g   3 7 . 8   1  t a n k   3  min  15  s e c  

2  .  B l e a c h -  
f i x i n g   3 7 . 8   1  t a n k   4  min  20  s e c  

3.  W a s h i n g   30  to   34  2  t a n k s   4  min  20  s e c  

4.  S t a b i l i z i n g   30  to   34  1  t a n k   2  min  10  s e c  

5.  D r y i n g  

T5 
As  f o r   t h e   c o l o r   d e v e l o p i n g   s o l u t i o n ,   b l e a c h - f i x i n g  

s o l u t i o n   and   s t a b i l i z i n g   s o l u t i o n ,   t h e   s o l u t i o n s   as  s h o w n  

b e l o w   w e r e   u s e d .  

20  [ C o l o r   d e v e l o p i n g   s o l u t i o n ]  

P o t a s s i u m   c a r b o n a t e   30  g  

S o d i u m   h y d r o g e n c a r b o n a t e   2 . 5   g  
P o t a s s i u m   s u l f i t e   5 . 0   g  

S o d i u m   b r o m i d e   1 . 2   g  
25  P o t a s s i u m   i o d i d e   2  mg 

H y d r o x y l a m i n e   s u l f a t e   2 . 5   g  
S o d i u m   c h l o r i d e   0 . 6   g  

S o d i u m   d i e t h y l e n e t r i a m i n e p e n t a a c e t a t e   2 . 0   g  

N - e t h y   l - N - 6   - h y d r o x y   e t h y l -   3 - m e t h y l - 4 - a m i n o a n i   l i n e   s u l f a t e  

30  4 . 5   g  

P o t a s s i u m   h y d r o x i d e   1 . 2   g  

Made  up  to   1  l i t e r   by  a d d i n g   w a t e r ,   and  a d j u s t e d   to   pH 

1 0 . 0 6   w i t h   use   of  s o d i u m   h y d r o x i d e   or  20  %  s u l f u r i c   a c i d .  

35 [ B l e a c h - f i x i n g   s o l u t i o n ]   @ 

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

T a b l e   13  Amount   as  shown  in  T a b l e   1 3  
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Ammonium  t h i o s u l f a t e   (a  70  %  s o l u t i o n )   300  m l  
Ammonium  s u l f i t e   5  g  

S i l v e r   p o w d e r   2 . 0   g  

Made  up  to   1  l i t e r   in   t o t a l   a m o u n t   by  a d d i n g   w a t e r ,   a n d  
5  a d j u s t e d   t h e   pH  as  shown  in  T a b l e   13  w i t h   u se   of  a c e t i c  

a c i d   and   a m m o n i a   w a t e r .  

[ S t a b i l i z i n g   s o l u t i o n ]  

F o r m a l i n   (a  37  %  a q u e o u s   •  s o l u t i o n   )  2  m l  
10  C o n i d a x   ( p r o d u c 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 . )  

5  m l  

Made  up  to   1  l i t e r   by  a d d i n g   w a t e r .  
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T a b l e   1 3  

B l e a c h - f i x i n g   s o l u t i o n   O r g a n i c   a c i d   w h i c h   f o r m s   pH 
No.  f e r r i c   a m m o n i u m   s a l t  

1 7 -   1  ( C o m p a r a t i v e )   8 . 0  

17 -   2  ( C o m p a r a t i v e )   7 . 5  

1 7 - 3   ( C o m p a r a t i v e )   7 . 0  

17 -   4  ( C o m p a r a t i v e )   E x e m p l a r y   c o m p o u n d   6 . 8  

17 -   5  ( C o m p a r a t i v e )   No.  VI  -  3)  6 . 7  

17 -   6  ( C o m p a r a t i v e )   ( 0 . 2 5   m o l / l i t . )   6 . 5  

1 7 - 7   ( C o m p a r a t i v e )   5 . 0  

17 -   8  ( C o m p a r a t i v e )   4 . 0  

17 -   9  ( C o m p a r a t i v e )   3 . 0  

17-   10  ( C o m p a r a t i v e )   2 . 0  

1 8 -   1  ( C o m p a r a t i v e )   8 . 0  

1 8 -   2  ( C o m p a r a t i v e )   7 . 5  

18-   3  ( C o m p a r a t i v e )   7 . 0  

18-   4  ( C o m p a r a t i v e )   E x e m p l a r y   c o m p o u n d   6 . 8  

18-   5  ( C o m p a r a t i v e )   No.  (VI  -  7)  6 . 7  

18-   6  ( C o m p a r a t i v e )   ( 0 . 2 5   m o l / l i t . )   6 . 5  

1 8 - 7   ( C o m p a r a t i v e )   5 . 0  

1 8 - 8   ( C o m p a r a t i v e )   4 . 0  

1 8 - 9   ( C o m p a r a t i v e )   3 . 0  

1 8 -   10  ( C o m p a r a t i v e )   2 . 0  

1 9 -   1  ( C o m p a r a t i v e )   8 . 0  

1 9 - 2   ( C o m p a r a t i v e )   7 . 5  

1 9 - 3   ( C o m p a r a t i v e )   E x e m p l a r y   c o m p o u n d   7 . 0  

19 -   4  ( P r e s e n t   i n v e n t i o n )   No.  (I  -  1)  6 . 8  

19-   5  ( P r e s e n t   i n v e n t i o n )   ( 0 . 2   m o l / l i t . )   6 . 7  

19-   6  ( P r e s e n t   i n v e n t i o n )   6 . 5  

19-   7  ( P r e s e n t   i n v e n t i o n )   E x e m p l a r y   c o m p o u n d   5 . 0  

19-   8  ( P r e s e n t   i n v e n t i o n )   No.  (VI  -  7)  4 . 0  

19-   9  ( P r e s e n t   i n v e n t i o n )   ( 0 . 0 5   m o l / l i t . )   3 . 0  

1 9 - 1 0   ( C o m p a r a t i v e )   2 . 0  

I  . 
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T a b l e   13  ( c o n t ' d )  

B l e a c h - f   i x i n g   s o l u t i o n   O r g a n i c   a c i d   w h i c h   f o r m s   pH 
No.  f e r r i c   a m m o n i u m   s a l t  

20 -   I  ( C o m p a r a t i v e )   8 . 0  

20-  2  ( C o m p a r a t i v e )   7 . 5  

20-  3  ( C o m p a r a t i v e )   E x e m p l a r y   c o m p o u n d   7 . 0  

20-   41  ( P r e s e n t   i n v e n t i o n )   No.  (I  -  2)  6 . 8  

20 -   5  ( P r e s e n t   i n v e n t i o n )   ( 0 . 2   m o l / l i t . )   6 . 7  

20 -   6!  ( P r e s e n t   i n v e n t i o n )   6 . 5  

20-   7  ( P r e s e n t   i n v e n t i o n )   E x e m p l a r y   c o m p o u n d   5 . 0  

20-   8  ( P r e s e n t   i n v e n t i o n )   No.  (VT  -  7)  4 . 0  

2 0 - 9   ( P r e s e n t   i n v e n t i o n )   ( 0 . 0 5   m o l / l i t . )   3 . 0  

20-   10  ( C o m p a r a t i v e )   2 . 0  

21 -   1  ( C o m p a r a t i v e )   8 . 0  

21-   2  ( C o m p a r a t i v e )   E x e m p l a r y   c o m p o u n d   7 . 5  

21-   3  ( C o m p a r a t i v e )   No.  (I  -  3)  7 . 0  

21-   4  ( P r e s e n t   i n v e n t i o n )   ( 0 . 2   m o l / i i t . )   6 . 8  

21-   5  ( P r e s e n t   i n v e n t i o n )   6 . 7  

21 -   6  ( P r e s e n t   i n v e n t i o n )   E x e m p l a r y   c o m p o u n d   6 . 5  

21-  7  ( P r e s e n t   i n v e n t i o n )   No.  (VI  -  7)  5 . 0  

21-   8  ( P r e s e n t   i n v e n t i o n )   ( 0 . 0 5   m o l / l i t . )   4 . 0  

21-   9  ( P r e s e n t   i n v e n t i o n )   3 . 0  

2 1 - 1 0   ( C o m p a r a t i v e )   2 . 0  
i 
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The  b l e a c h - f i x i n g   s o l u t i o n s   a v a i l a b l e   a f t e r   t h e   a b o v e  

p r o c e s s i n g   w e r e   s t o r e d   w i t h   t i m e   f o r   1  week   a t   38°C  u n d e r  

t h e   o p e n   r a t i o   of   10  c m 2 / l i t .   ( w h i c h   i s   t h e   o p e n   c o n d i t i o n  

c o r r e s p o n d i n g   to   t h a t   of  u s u a l   a u t o m a t i c   p r o c e s s i n g  
5  m a c h i n e ,   and  m e a n t   t h a t   t h e   s o l u t i o n   h a v e   an  a i r   c o n t a c t  

9 
a r e a   of  10  cm  b a s e d   on  1  l i t e r   of  t h e   b l e a c h - f i x i n g  

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

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

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

10  (mg/dm  )  a t   t h e   m a x i m u m   d e n s i t y   p o r t i o n   of  t h e   f i l m  

s a m p l e s   ( t h e   r e s p e c t i v e   s a m p l e s   a v a i l a b l e   b e f o r e   and   a f t e r  

t h e   s t o r a g e   w i t h   t i m e ,   of  t h e   b l e a c h - f i x i n g   s o l u t i o n s )   w a s  

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

c y a n   dye   d e n s i t y   was  f u r t h e r   m e a s u r e d   w i t h   u s e   of  S a k u r a  

15  P h o t o e l e c t r i c   D e n s i t o m e t e r   PDA-65  ( p r o d u c 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 . )   to   d e t e r m i n e   t h e   c o l o r  

r e p r o d u c t i o n   p e r c e n t a g e .  

R e s u l t s   o b t a i n e d   a r e   shown  t o g e t h e r   in  T a b l e   1 4 .  
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I t   i s   u n d e r s t o o d   f r o m   t h e   a b o v e   T a b l e   14  t h a t   in   t h e   c a s e  

t h e   b l e a c h - f i x i n g   s o l u t i o n s   w i t h   pH  r a n g e   of  3 . 0   to   6 . 8  

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

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

5  o n l y   s m a l l   r e s i d u a l   s i l v e r   and  good   c o l o r   r e p r o d u c t i o n  

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

w i t h   t i m e .  

( E x p e r i m e n t   2 )  

10 

The  c o n c e n t r a t i o n   and   c o m b i n a t i o n   of  t h e   f e r r i c   c o m p l e x  

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

No.  19  u s e d   in  t h e   a b o v e   E x p e r i m e n t   1  was  v a r i e d   as  s h o w n  

in  T a b l e   15  b e l o w   to  p r e p a r e   b l e a c h - f i x i n g   s o l u t i o n s   Nos  . 
15  2 2 - 1   to   2 4 - 1 0 .   U s i n g   t h e   a b o v e   b l e a c h   - f i x i n g   s o l u t i o n s ,  

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

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

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

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

20  E x p e r i m e n t   1.  U s i n g   t h e   b l e a c h - f i x i n g   s o l u t i o n s   s t o r e d  

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

r e p r o d u c t i o n   p e r f o r m a n c e   we re   m e a s u r e d   in  t he   same  m a n n e r  

as  in   E x p e r i m e n t   1  t o   o b t a i n   t h e   r e s u l t s   shown  t o g e t h e r   i n  

T a b l e   1 5 .  

25 

A l s o ,   a f t e r   s t o r a g e   f o r   1  w e e k ,   t h e   s t o r a g e   was  f u r t h e r  

c o n t i n u e d   u n d e r   t h e   o p e n   r a t i o   of  10  t i m e s   to   v i s u a l l y  

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

o c c u r r e d .  

30 

R e s u l t s  o b t a i n e d  a b o v e   a r e   shown  t o g e t h e r  in  T a b l e   1 5 .  
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@raoie  Lo 

a i e a c n   t i x i n g   B l e a c h - f i x i n g   a f t e r   , s o l u t i o n   s t o r a g e   w i t h   t i m e   | 

T e s t   O r g a n i c   R e s i d u a l   C o l o r   P r e c i p i -  
No.  a c i d   w h i c h   s i l v e r   r e p r o -   t a t i o n   * 

No.  f o r m s   pH  a m o u n t   d u c t i o n   ( d a v s )  
f e r r i c   p e r -  
c o m p l e x   c e n t a g e  
s a l t  

9 - 5 1  
( C o m p a r a -   2 2 -   1  8 .0   3 .4   100  30  

t i v e )  
9 - 5 2  

C C o m p a r a -   22 -   2  7 .5   1 . 7   100  2 8  
t i v e )  
9 - 5 3  

( C o m p a r a -   2 2 -   3  7 .0   1 .5   100  2 7  
t i v e )  
9 - 5 4  

C C o m p a r a -   22 -   4  6 .8   0 .9   100  1 9  
t i v e )  
9-5  5  E x e m p l a r y  

( C o m p a r a -   22 -   5  c o m p o u n d   6 .7   0 .7   99  1 6  
t i v e   No.  I  -  1 
9 - 5 6   ( 0 . 2 5   m o l /  

( C o m p a r a -   2 2 -   6  l i t . )   6 .5   0 .3   99  1 5  
t i v e )  
9 - 5 7  

( C o m p a r a -   22-   7  5.  0  0 .3  9  9  l  0 
t i v e )  
9-5  8 

( C o m p a r a -   22 -   8  4 .0   0 .3   95  8 
t i v e )  
9 - 5 9  

( C o m p a r a -   2 2 - 9   3 .0   0 .3   91  6 t i v e )  
9 - 6 0  

( C o m p a r a -   2 2 - 1 0   2 .0   0 .2   87  5 
t i v e )  

1 
9 - 6 1  

( C o m p a r a -   23-   1  .  8 .0   3 .5  100  2 9  
t i v e )  
9 - 6 2  

( C o m p a r a -   23 -   2  7 .5   1 . 9   100  2 8  
t i v e )  
9 - 6 3  

( C o m p a r a -   23-   3;  7 .0   1.  4  100  27  1 
t i v e )   j  j  j 

—  '  !  @  L  !  j  j  
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D i f c «   n x m g   B l e a c h - f i x i n g   a f t e r  
j  s o l u t i o n   s t o r a g e   w i t h   t i m e  

^ e s t   O r g a n i c   R e s i d u a l   C o l o r   ' P r e c i p i -  No*  a c i d   w h i c h   s i l v e r   r e p r o -   t a t i o n   * 
No.  f o r m s   pH  a m o u n t   d u c t i o n   ( d a y s )  

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

9 - 6 4  
( P r e s e n t   23-   4  E x e m p l a r y   6 .8   0 .8   100  2 3  i n v e n t i o n )   c o m p o u n d  

9 -65   No.  I  -  1 
( P r e s e n t   23 -   5  ( 0 . 1 5   m o l /   6 .7   0 .8   100  2 3  i n v e n t i o n )   l i t .   ) 

9 - 6 6  
( P r e s e n t   23 -   6  E x e m p l a r y   6 .5   0 . 4   9  9  2 1  i n v e n t i o n )   c o m p o u n d  

9 - 6 7   No.  VI  -  3 
( P r e s e n t   2 3 -   7  ( 0 . 1 0   m o l /   5 .0   0 .4   99  2 1  

i n v e n t i o n )   l i t . )  
9 - 6 8  

( P r e s e n t   23-   8  4 .0  0 .3   94  20  i n v e n t i o n )  
9 - 6 9  

( P r e s e n t   23-   9  3 .0   0 .3   90  1 4  
i n v e n t i o n )  
9 - 7 0  

( C o m p a r a -   2 3 - 1 0   2 .0   0 .3   86  7 t i v e )   | 
1 

9 - 7 1  
( C o m p a r a -   24-   1  8 .0   3 .5   100  2 9  t i v e   ) 

9 - 7 2  
( C o m p a r a -   24-   2  E x e m p l a r y   7 .5   1 . 8   100  2 8  f i v e )   c o m p o u n d  

9 - 7 3   No.  I  -  1 
( C o m p a r a -   24-   3  ( 0 . 1 5   m o l /   7 .0   1 .6   100  28  

9 - 7 4   ! 
( P r e s e n t   24-   4  E x e m p l a r y   6 .8   0 .9   100  2 7  i n v e n t i o n )   c o m p o u n d  

9 -75   No.  VI  -  7 
( P r e s e n t   24 -   5  ( 0 . 1 0   m o l /   6 .7   0 . 8   100  2 6  

i n v e n t i o n )   l i t   ) 
9 - 7 6  

( P r e s e n t   j  24-   6  6 .5  0 .4   99  26  
' 

i n v e n t i o n ) !   I 
@  ! @  @  '  —  !  .  j  1  i 
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T a b l e   15  ( C o n t .   ) 

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

T e s t   O r g a n i c   R e s i d u a l   C o l o r   P r e c i p i -  
No.  a c i d   w h i c h   s i l v e r   r e p r o -   t a t i o n   * 

No.  f o r m s   pH  a m o u n t   d u c t i o n   ( d a y s )  
f e r r i c   p e r -  
c o m p l e x   c e n t a g e  
s a l t  

9 -77   E x e m p l a r y  
( P r e s e n t   24 -   7  c o m p o u n d   5 .0   0 .4   99  2 6  

i n v e n t i o n )   No.  I  -  1  
9 -78   ( 0 . 1 5   m o l /  

( P r e s e n t   2 4 -   8  l i t . )   4 .0   0 .4   95  2 5  
i n v e n t i o n )  
9-7  9  E x e m p l a r y  

( P r e s e n t   2 4 - 9   c o m p o u n d   3 .0   0 .3   91  1 8  
i n v e n t i o n )   No.  VI  -  7 
9 -80   ( 0 . 1 0   m o l /  

( C o m p a r a -   2 4 - 1 0   l i t . )   2 . 0   0 .3   87  9 
t i v e )  

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

p r e c i p i t a t i o n   o c c u r r e d .  
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As  w i l l   be  c l e a r   f r o m   T a b l e   15,  i t   i s   u n d e r s t o o d   t h a t   t h e  

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

( I )   and  of  a t   l e a s t   one  s e l e c t e d   f r o m   G e n e r a l   F o r m u l a s  

( IV)  to   ( V I I )   c an   a c h i e v e   t h e   e f f e c t   of  i m p r o v i n g   t h e  
5  s h e l f   s t a b i l i t y   in  t h e   pH  r a n g e   of  3 .0   to   6 . 8 ,   and  g o o d  

r e s u l t s   can   be  o b t a i n e d   p a r t i c u l a r l y   a t   pH  4 . 0   to   pH  6 . 7 ,  

more   p a r t i c u l a r l y   a t   pH  5 .0   t o   6 . 5 .  

( E x p e r i m e n t   3 )  

10 

U s i n g   b l e a c h - f i x i n g   s o l u t i o n s   N o s .   1 9 - 4   and   2 0 - 4   u s e d   i n  

E x p e r i m e n t   1,  t h e   e x p e r i m e n t s   same  as  in  E x p e r i m e n t   2  w e r e  

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

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

15  c o m p l e x   s a l t   zo  be  u s e d   in  c o m b i n a t i o n   w e r e   v a r i e d   a s  

shown  in  T a b l e   16 ,   and  t h e   pH  was  a d j u s t e d   to   6 . 0 .  

R e s u l t s   o b t a i n e d   a r e   shown  t o g e t h e r   in  T a b l e   1 6 .  
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As  w i l l   be  c l e a r   f r o m   T a b l e   16,  i t   i s   u n d e r s t o o d   t h a t   o n l y  

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

of  th is=   i n v e n t i o n   can   show  g o o d   d e s i l v e r i n g   p e r f o r m a n c e ,  

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

5  a l s o   u n d e r s t o o d   t h a t   t h e r e   can   be  e x h i b i t e d   h i g h e r   e f f e c t  

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

c o m b i n a t i o n   of   1 - 1   w i t h   V I - 3   or   V I - 7 ,   t h e   c o m b i n a t i o n   o f  

1 -2   w i t h   V I - 3   or   V I - 7 ,   and  t h e   c o m b i n a t i o n   of  1 -3   w i t h  

V I - 3   or  V I - 7 ,   and  p r e f e r r e d   a r e   t h e   c o m b i n a t i o n   of   1 - 1  

10  w i t h   V I - 7   and   t h e   c o m b i n a t i o n   of  1 - 2   w i t h   V I - 7 .  

( E x p e r i m e n t   4 )  

U s i n g   b l e a c h - f i x i n g   s o l u t i o n   No.  1 9 - 4   u s e d   in   E x p e r i m e n t  
15  1,  t h e   t e s t s   same  as  in   E x p e r i m e n t   2  w e r e   r e p e a t e d .   H e r e ,  

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

c o m p l e x   s a l t   was  v a r i e d   as  shown  in  T a b l e   17,   and   t h e   pH 

was  a d j u s t e d   to   5 . 5  

20  R e s u l t s   o b t a i n e d   a r e   shown  t o g e t h e r   in   T a b l e   1 7 .  
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As  w i l l   be  c l e a r   f r o m   T a b l e   17,  i t   i s   u n d e r s t o o d   t h a t  

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

c o m p l e x   s a l t   of  o r g a n i c   a c i d   V I - 7   i s   u s e d   in  t h e   r a n g e   o f  

1  mol  %  to  95  mol  %,  and   g o o d s   r e s u l t s   f o r   a l l   t h e  

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

can   be  o b t a i n e d   p a r t i c u l a r l y   when  i t   is   u s e d   in  t h e   r a n g e  

of  5  mol  %  to  90  mol  %,  more  p a r t i c u l a r l y   10  mol  %  to   80  

mol  %  . 

I t   i s   s e e n   f r o m   t h e   r e s u l t s   in  t h e   a b o v e   E x p e r i m e n t   1  t o  

E x p e r i m e n t   4  t h a t   t h e   b l e a c h - f i x i n g   s o l u t i o n s   a c c o r d i n g   t o  

t h i s   i n v e n t i o n ,   in   o t h e r   w o r d s ,   t h e   b l e a c h - f i x i n g  

s o l u t i o n s   h a v i n g   t h e   pH  r a n g i n g   b e t w e e n   3 .0   and   6 . 8 ,  

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

c o m p r i s i n g   a  c o m p o u n d   r e p r e s e n t e d   by  G e n e r a l   F o r m u l a   ( I ) ,  

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

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

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

G e n e r a l   F o r m u l a s   ( IV)   to  ( V I I )   can  h a v e   a  good   d e s i l v e r i n g  

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

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

b e i n g   o c c u r r e d ,   and   can   h a v e   g o o d   s h e l f   s t a b i l i t y .   I n  

a d d i t i o n ,   t h e   b l e a c h - f i x i n g   s o l u t i o n s   of  t h i s   i n v e n t i o n  

had   no  a m m o n i a c a l   o d o r   a t   a l l .  

E x a m p l e   10  

U s i n g   b l e a c h - f i x i n g   s o l u t i o n s   Nos .   1 9 - 1   to   1 9 - 1 0 ,   N o s .  

2 0 - 1   to  2 0 - 1 0   and  Nos .   2 1 - 1   to  2 1 - 1 0   e m p l o y e d   i n  

E x p e r i m e n t   1  of  E x a m p l e   9,  t h e   e x p e r i m e n t s   same  as  i n  

E x p e r i m e n t   2  of  E x a m p l e   9  w e r e   r e p e a t e d .   H e r e ,   h o w e v e r ,  

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

u s e d   in  c o m b i n a t i o n   was  no t   c h a n g e d ,   bu t   t h e   c o n c e n t r a t i o n  

of  t h e   f e r r i c   c o m p l e x   s a l t   was  v a r i e d   as  shown  in  T a b l e  

18,  and  t h e   pH  was  a d j u s t e d   to   5 . 0 .   R e s u l t s   o b t a i n e d   a r e  

shown  t o g e t h e r   in  T a b l e   1 8 .  
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As  w i l l   be  c l e a r   f r o m   T a b l e   i s ,   among  t h e   b l e a c h - f i x i n g  

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

c o n t e n t   o f   b l e a c h i n g   a g e n t   in  t h e   r a n g e   of   0 . 0 2   m o l / l i t .  

to   1 . 3 0   m o l / l i t . ,   p r e f e r a b l y   0 . 1 0   to   1 . 2 0   m o l / l i t . ,   a n d  

5  more  p r e f e r a b l y   0 . 2 0   to   0 .8   m o l / l i t . ,   a r e   s e e n   to  be  g o o d  

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

c o l o r   r e p r o d u c t i o n   p e r f o r m a n c e s   and  may  no t   be  s u l f   i d i   z e d  

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

TO  E x a m p l e   1 1  

U s i n g   b l e a c h - f i x i n g   s o l u t i o n s   Nos .   1 7 - 1 ,   1 9 - 4 ,   2 0 - 4   a n d  

2 1 - 4   u s e d   in   E x p e r i m e n t   1  of  E x a m p l e   9,  t h e   e x p e r i m e n t s  

same  as  in   E x p e r i m e n t   1  of  E x a m p l e   9  w e r e   r e p e a t e d .   H e r e ,  
15  h o w e v e r ,   t h e   c o n c e n t r a t i o n   of  t h e   f e r r i c   c o m p l e x   s a l t   w a s  

c o n t r o l l e d   as   s h o w n   in  T a b l e   19  b e l o w ,   and   t h e   pH  of   t h e  

b l e a c h - f i x i n g   s o l u t i o n s   was  a d j u s t e d   to   6 . 0 .  

A f t e r   s t o r a g e   w i t h   t i m e ,   e v a l u a t i o n   on  t h e   d e s i l v e r i n g  

20  p e r f o r m a n c e   was  c a r r i e d   o u t   in  t h e   same  m a n n e r   as  i n  

E x p e r i m e n t   1  of   E x a m p l e   9.  R e s u l t s   o b t a i n e d   a r e   shown  i n  

T a b l e   1 9 .  

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

25  b l e a c h i n g   and  f i x i n g   a c c o r d i n g   to  t h e   CNK-4  s t a n d a r d  

p r o c e s s i n g   ( c o l o r   n e g a t i v e   p r o c e s s i n g   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 . ) ,   a n d ,   a f t e r   t h e   r e s i d u a l   s i l v e r   w a s  

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

t r a n s m i s s i o n   d e n s i t y   of  m a g e n t a   d y e s   was  m e a s u r e d .   T h e  

30  v a l u e   o b t a i n e d   was  d e s i g n a t e d   as  D  N e x t ,   a f t e r   c o l o r  R  J. 
d e v e l o p i n g   was  c a r r i e d   o u t   in  t h e   same  m a n n e r   as  i n  

E x p e r i m e n t   1  of  E x a m p l e   9,  t h e   t r a n s m i s s i o n   d e n s i t y   o f  

m a g e n t a   d y e s   of  t h e   s a m p l e s   s u b j e c t e d   to  b l e a c h i n g   a n d  

f i x i n g   a c c o r d i n g   to   t he   CNK-4  s t a n d a r d   p r o c e s s i n g   w a s  

35  m e a s u r e d ,   and  t h e   r e s u l t i n g   v a l u e   was  d e s i g n a t e d   as  DR2-  
The  d i f f e r e n c e   b e t w e e n   D  ,  and  DD0  was  d e t e r m i n e d   ( d D J   t o  
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e v a l u a t e   t h e   m a g e n t a   s t a i n .   R e s u l t s   o b t a i n e d   a r e   s h o w n  

t o g e t h e r   in   T a b l e   1 9 .  
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As  w i l l   be  c l e a r   f r o m   T a b l e   19,  in  t h e   c o m p a r a t i v e  

b l e a c h - f i x i n g   s o l u t i o n s ,   t h e   a d d i t i o n   of  KI  can   make  s m a l l  

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

g r e a t l y   l o w e r e d .   H o w e v e r ,   in  t h e   b l e a c h - f i x i n g   s o l u t i o n s  

5  of  t h i s   i n v e n t i o n ,   n o t   o n l y   t h e   a d d i t i o n   of  KI  c a n  

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

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

g o o d   r e s u l t s .  

to  E x a m p l e   1 2  

B l e a c h - f i x i n g   s o l u t i o n s   Nos .   1 7 - 2 1   to   1 7 - 2 6   and  Nos .   1 9 - 3 1  

to  1 9 - 3 6   w e r e   p r e p a r e d   in  t h e   same  m a n n e r   as  in  E x p e r i m e n t  

1  of   E x a m p l e   9  e x c e p t   t h a t ,   in   b l e a c h - f i x i n g   s o l u t i o n s   N o .  

T5  1 7 - 1   and   No.  1 9 - 1   p r e p a r e d   in  E x p e r i m e n t   1  of  E x a m p l e   9 ,  

t h e   pH  was  a d j u s t e d   to   6 .0   and   t h e   b l e a c h i n g   a c c e l e r a t o r  

was  a d d e d   as  shown  in  T a b l e   2  0  b e l o w .  

U s i n g   t h e   b l e a c h - f i x i n g   s o l u t i o n s   t h u s   o b t a i n e d ,  

20  e v a l u a t i o n   was  c a r r i e d   o u t   in  t h e   same  m a n n e r   as  i n  

E x p e r i m e n t   2  of  E x a m p l e   9  e x c e p t   t h a t   t h e   b l e a c h - f i x i n g  

t i m e   4  m i n u t e s   20  s e c o n d s   in  E x p e r i m e n t   1  was  s e t   to   3 

m i n u t e s   15  s e c o n d s .  

25  R e s u l t s   o b t a i n e d   a r e   shown  in  T a b l e   2 0 .  
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P ^ c a j C i j G u C u Q j c n   cn  cn  cn . cn   cn r H E c N £ r o £ ^ £ i n E v o 5 r ^ O c o 0 C T i 0 O O r n c D < N C D  o  q  0  O  0  0  S-l  S-i  UH  UH  UH  u i c j i c j i u i u i c j i c j i c u i c u i c u i c u i a , i c u  
C S w C M - C N ^ O J w C N w O l ^ C N ^ C N ^ N w C N ^ C N ^ C N - -  

|  1  1  1  1  1  —  ' H i —   ' r —   i t —   I r H r t H t   —  I H  

s  c  s  s  3  "3  * 
o o o o o o  

rt  rt  rt  rt  rt  r t  4-1  4J  4J  4J  4J  4J 3  C  3  C  3  3 ~ ~ - * ' - ~ ' - C D   CD  CD  CD  CD  CD C D C D C D C D C D C D > > > > > >  
> - > > > > > C 3 C 3 B B  -H  rt  rt  rt  rt  rt  rt  rt  rt  rt  rt  r t  4-  1  4-1  4J  44  4-1  4-1 
crj  r d c r j ( r j c r j c r j 4 - i 4 J 4 J 4 J 4 j j j  5-  > S - i S 4 S - i 5 h S h S C S 3 S C  
r C c r J c r J c r j t r j r r j C D c D c D C D C D C D  
P ^ c a j C i j O j C u Q j c n   cn  cn  cn . cn   cn E c s j E c ^ E ^ E i n E i s O E r - C D o o c D c T i c D o c D H c D C N c D  O  O  O  O  O  O  S-l  S-l  S-l  H  S-l  H  S-l  H  S-i c j i c j i u i u i c j i c j i c u i c u i c u i c u i a , i c u  
^CN^--CNwC\IwCNwCNw-CN~—CN^CN>-'CN--'CN^CN--' 

r - i r - i r - i r - ' r - i r - t r - i r - i r - i r - i r - i  
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As  w i l l   be  c l e a r   f rom  T a b l e   20,   in  t h e   c a s e   t h e   b l e a c h  

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

i n v e n t i o n   can   m a i n t a i n   good   e f f e c t   in  a n y   of  t h e  

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

b l e a c h - f i x i n g   t i m e   i s   s h o r t e n e d .   In  c o n t r a s t   t h e r e t o ,   t h e  

b l e a c h - f i x i n g   s o l u t i o n s   o u t s i d e   t h i s   i n v e n t i o n ,   w h i c h   c a n  

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

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

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

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

t h e y   a r e   s t o r e d .  
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C l a i m s   : 

1.  A  b l e a c h - f i x i n g   s o l u t i o n   f o r   p r o c e s s 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   p h o t o g r a p h i c   m a t e r i a l   f o r  

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

b e t w e e n   3 .0   and   6 . 8 ,   c o n t a i n s   a  f e r r i c   c o m p l e x   s a l t   h a v i n g  

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

F o r m u l a   ( I )   shown  b e l o w ,   and  f u r t h e r   c o n t a i n   a t   l e a s t   o n e  

o f ;  

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

r e p r e s e n t e d   r e s p e c t i v e l y   by  G e n e r a l   F o r m u l a   ( I I )   a n d  

G e n e r a l   F o r m u l a   ( I I I )   shown  b e l o w ;  

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

in  t h e   m o l e c u l a r   s t r u c t u r e ;   a n d  

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

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

c o m p o u n d s   r e p r e s e n t e d   r e s p e c t i v e l y   by  G e n e r a l   F o r m u l a s  

( IV)  to   ( V I I ) ,  

G e n e r a l   F o r m u l a   ( I )   : 
20  HOOCCH,,  CH-COOE 

NN-(—  CH.,  )n,  (  CH  f - C H 0 - r - ^ - N /  
/  2  n l   |  n2  2  n3  \  

HOOCCH2  Rx  XCH2COOH 

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

g r o u p   h a v i n g   1  to   3  c a r b o n   a t o m s ;   and   n^ ,   n2  and   n ^  
25  e a c h   r e p r e s e n t   an  i n t e g e r   of  0  to   3,  p r o v i d e d   t h a t  

t h e   sum  of  n^ ,   n2  and   n^  i s   an  i n t e g e r   of  2  to   4  a n d  

t h e   t o t a l   sum  of   t h e   c a r b o n   a t o m s   i n  

• C H 2 - 4 r n ^ ? H - ^ 2 - ^ C H 2 - 4 i i T  

30  is   3  or  m o r e ,  

G e n e r a l   F o r m u l a   ( I I )  

Ri 

R~ 
I  2 

R . - C - O H  

S03M 
w h e r e i n   R2  and  R^  r e p r e s e n t s   a  h y d r o g e n   a t o m   or  a n  

a l k y l   g r o u p   h a v i n g   1  to  8  c a r b o n   a t o m s ;   and   M 
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r e p r e s e n t s   an  a l k a l i   m e t a l   a t o m   or   an  a m m o n i u m  

g r o u p ,  

G e n e r a l   F o r m u l a   ( I I I ) :  

OH  OH 

5  R 4 " ( ? - ^ C H 2 ^ n - C ? - R 5  

S03M  S03M 
w h e r e i n   R4  and   R5  e a c h   r e p r e s e n t   a  h y d r o g e n   a t o m   o r  

an  a l k y l   g r o u p   h a v i n g   1  to  8  c a r b o n   a t o m s   ;  M 

r e p r e s e n t s   an  a l k a l i   m e t a l   a t o m   or  an  a m m o n i u m  

TO  g r o u p ;   and   n  r e p r e s e n t s   an  i n t e g e r   of  0  to   6 ,  

G e n e r a l   F o r m u l a   ( I V ) :  

/ ( C H 2 ) n 4 C 0 0 H  

R 2 - N  

( C H 2 ) n 5 C O O H  
T5  w h e r e i n   R2  r e p r e s e n t s   an  a l k y l   g r o u p   h a v i n g   1  t o   5 

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

h a v i n g   1  to   5  c a r b o n   a t o m s ,   or   —  {—  CH2  )  n g C 0 0 H ;   a n d  

n4r  n5  an<^  n6  e a c k   r e p r e s e n t s   an  i n t e g e r   of  1  or   2 ,  
G e n e r a l   F o r m u l a   ( V ) :  

20  HOOCCH,,  / C H 2 C 0 0 H  
N - f - C H „   )n7  (  CH  )nQ  (  CH,  - )nq   N 

/   2  n7  |  no  2  nr  \ ^  
HOOCCH,/   OH  CH2C00H 

w h e r e i n   n-,  and   n^  e a c h   r e p r e s e n t   an  i n t e g e r   of   0  t o  

3,  and   nQ  r e p r e s e n t s   an  i n t e g e r   of  1  to   3,  p r o v i d e d  
25  t h a t   t h e   sum  of  n^ ,   ng  and  ng  i s   2  or  m o r e ,  

G e n e r a l   F o r m u l a   ( V I ) :  

R 3 v   R7  R8  R9  R10  / R 4  
XN—  (—  CH-CH-N  )  -i  -  C H - C H - c /  
y  |  n !2   \ .  

H 0 0 C ( C H ) n l f ) /   CH2C00H  X ( C H ) n l l C 0 0 H  

30  R5>  R6 
w h e r e i n   R^  and   R^  e a c h   r e p r e s e n t   a  h y d r o g e n   a t o m ,   a  

h y d r o x y l - s u b s t i t u t e d   a l k y l   g r o u p   h a v i n g   1  to   3 

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

h a v i n g   1  or  2  c a r b o n   a t o m s ;   R^  and   Rg  e a c h   r e p r e s e n t  
35  a  h y d r o g e n   a t o m   or  a  h y d r o x y l - s u b s t i t u t e d   p h e n y l  

g r o u p ;   R-,  ,  Rg,  Rg  and  R1Q  e a c h   r e p r e s e n t   a  h y d r o g e n  
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a t o m   or   a  h y d r o x y l - s u b s t i t u t e d   a l k y l   g r o u p   h a v i n g   1 

to   3  c a r b o n   a t o m s ,   p r o v i d e d   t h a t   R_,,  Rg,   R^  a n d   R-^q 

e a c h   may  c o m b i n e   to   f o r m   a  r i n g   h a v i n g   5  t o   8  c a r b o n  

a t o m s ;   n^Q  a n d   n - ^   e a c h   r e p r e s e n t   an  i n t e g e r   of  1  t o  

5  3;  and   n-]_2  r e p r e s e n t s   an  i n t e g e r   of   0  t o   4 ,  

G e n e r a l   F o r m u l a   ( V I I ) :  

h o o c c h 2 n ^   / c h 2 c o o h  

N - 4 - C H 2 C H 2 0 - 4 - i I T - C H 2 C H 2 - N x  

HOOCCfiy  c h 2 c o o h  

10  w h e r e i n   n13  r e p r e s e n t s   an  i n t e g e r   of   1  to   8 .  

2.  The  b l e a c h - f i x i n g   s o l u t i o n   a c c o r d i n g   to   C l a i m   1 ,  

w h e r e i n   R-j_  of   G e n e r a l   F o r m u l a   ( I )   i s   a  h y d r o g e n   a t o m   a n d  

t h e   t o t a l   sum  of  t h e   c a r b o n   a t o m s   i n  

15  ~ f - C H 2   ) n l   (  CH  )n2  (  C ^ ^ - y   i s   3 .  

R l  

3.  The  b l e a c h - f i x i n g   s o l u t i o n   a c c o r d i n g   to   C l a i m   1 ,  

w h e r e i n   t h e   s o l u t i o n   has   t h e   pH  v a l u e   r a n g i n g   b e t w e e n   4 . 0  

20  and   6 . 7 .  

4.  The  b l e a c h - f i x i n g   s o l u t i o n   a c c o r d i n g   to   C l a i m   3 ,  

w h e r e i n   t h e   s o l u t i o n   has   t h e   pH  v a l u e   r a n g i n g   b e t w e e n   5 . 0  

and   6 . 5 .  

25 

5.  '  The  b l e a c h - f i x i n g   s o l u t i o n   a c c o r d i n g   to   C l a i m   1 ,  
w h e r e i n   t h e   f e r r i c   c o m p l e x   s a l t   i s   c o n t a i n e d   in  t h e   r a n g e  
of  0 . 0 2   to   1 . 3 0   m o l / l i t .  

30  6.  The  b l e a c h - f i x i n g   s o l u t i o n   a c c o r d i n g   to   C l a i m   I ,  

w h e r e i n   t he   c o m p o u n d   r e p r e s e n t e d   by  G e n e r a l   F o r m u l a   ( I )   i s  

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

f o r m u l a e :  
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TO 

1 - 1  

H 0 0 C C H 2 X  
N - t C H a   t r - i N  

H O Q C C H 2 x   / C H 2   C O O H  

1 - 2  

H O O C C H ^   CH2  C O O H  

H O O C C H 2 x   X C H 2   C O O H  

n t c h 2 - t - ? - n  

h o o c c h ^   c h 2   c o o h  

1 - 3  

H O O C C H 2 x   X C H 2   C O O H  

N - C H 2   - C H - N  

TS  
H O O C C H 2 ^   ]CH3  CH2  C O O H  

7.  The  b l e a c h - f i x i n g   s o l u t i o n   a c c o r d i n g   to   C l a i m   1 ,  

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

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

8.  The  b l e a c h - f i x i n g   s o l u t i o n   a c c o r d i n g   to   C l a i m   1 ,  

w h e r e i n   t h e   a l k y l   g r o u p   r e p r e s e n t e d   by  R2  and   R^  o f  

25  G e n e r a l   F o r m u l a   ( I I )   i s   a  h y d r o g e n   a tom  or  an  a l k y l   g r o u p  

h a v i n g   1  to   4  c a r b o n   a t o m s   . 

9.  The  b l e a c h - f i x i n g   s o l u t i o n   a c c o r d i n g   to  C l a i m   1 ,  

w h e r e i n   t he   a l k y l   g r o u p   r e p r e s e n t e d   by  and  Rg  o f  

30  G e n e r a l   F o r m u l a   ( I I I )   i s   an  a l k y l   g r o u p   h a v i n g   1  to   2 

c a r b o n   a t o m s   and   n  r e p r e s e n t s   an  i n t e g e r   of  1  to   4 .  

10.   The  b l e a c h - f i x i n g   s o l u t i o n   a c c o r d i n g   to   C l a i m   1 ,  

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

35  G e n e r a l   F o r m u l a   ( I I )   a n d   ( I I I )   i s   c o n t a i n e d   in  an  a m o u n t  

of  0 . 0 1   to  2  m o l / l i t .  
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11.  The  b l e a c h - f i x i n g   s o l u t i o n   a c c o r d i n g   t o   C l a i m   1 ,  

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

has   an  a v e r a g e   m o l e c u l a r   w e i g h t   of  500  to   8 0 0 , 0 0 0 .  

12.  The  b l e a c h - f i x i n g   s o l u t i o n   a c c o r d i n g   to   C l a i m   1 ,  

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

is   c o n t a i n e d   in   an  a m o u n t   of  0 . 1   t o   100  g  p e r   one   l i t e r   o f  

t h e   b l e a c h - f i x i n g   s o l u t i o n .  

13.  The  b l e a c h - f i x i n g   s o l u t i o n   a c c o r d i n g   t o   C l a i m   1 ,  

w h e r e i n ,   when  t h e   b l e a c h - f i x i n g   s o l u t i o n   c o n t a i n s   t h e  

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

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

s u l f i t e   r e l e a s a b l e   c o m p o u n d   in   an  a m o u n t   of   1  x  1 0 " ^  

m o l / l i t .  

14.   The  b l e a c h - f i x i n g   s o l u t i o n   a c c o r d i n g   to   C l a i m   1 ,  

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

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

r e p r e s e n t e d   r e s p e c t i v e l y   by  G e n e r a l   F o r m u l a s   ( IV)  to   ( V I I )  

is   c o n t a i n e d   in  an  a m o u n t   of  1  to   95  mol  %  b a s e d   on  t h e  

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

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

r e p r e s e n t e d   by  G e n e r a l   F o r m u l a   ( I ) .  

15.   The  b l e a c h - f i x i n g   s o l u t i o n   a c c o r d i n g   to   C l a i m   1,  t h e  

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

c o m p o u n d   r e p r e s e n t e d   by  G e n e r a l   F o r m u l a   ( I )   a n d   t h a t  

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

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

F o r m u l a s   ( IV)  to   ( V I I )   i s   c o n t a i n e d   in  t h e   r a n g e   of   0 . 0   2 

to  1 . 3 0   m o l / l i t .   in   t h e   t o t a l   a m o u n t   of  t h e m .  

16.   The  b l e a c h - f i x i n g   s o l u t i o n   a c c o r d i n g   t o   C l a i m   1 ,  

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

15 

20 

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

c o m p o u n d s   r e p r e s e n t e d   by  G e n e r a l   F o r m u l a s   ( A - I )   t o   ( A - I V )  

shown  b e l o w :  

G e n e r a l   F o r m u l a   ( A - I ) :  

q  r " \  
!  c - s r ,  

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

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

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

r i n g   of   5  o r   6  m e m b e r s ) ;   R-̂   r e p r e s e n t s   a  h y d r o g e n   a t o m ,   a n  

a l k a l i   m e t a l   a t o m ,  

Q  ' 

- S - C  

N  '  

o r   an  a l k y l   g r o u p ,   p r o v i d e d   t h a t   Q  1  h a v e   t h e   same  m e a n i n g  

as  d e f i n e d   f o r   Q ^ ,  

G e n e r a l   F o r m u l a   ( A - I I ) :  

/ R :   \  

N - C —   7-  A 

\  R3  X  /  n ,  

w h e r e i n ,   R^  and   e a c h   r e p r e s e n t   a  h y d r o g e n   a t o m ,   a n  

a l k y l   g r o u p   h a v i n g   1  to   6  c a r b o n   a t o m s ,   a  h y d r o x y l   g r o u p ,  

a  c a r b o x y l   g r o u p ,   an  a m i n o   g r o u p ,   an  a c y l   g r o u p   h a v i n g   1 

30  to  3  c a r b o n   a t o m s ,   an  a r y l   g r o u p   or  an  a l k e n y l   g r o u p ;   A 

r e p r e s e n t s   a  g r o u p   o f ;  

- C - N   - ( C H - 2 ) n 2 - C - N   - ( S ) m , - C - N  
35  11  X p <   11  I'  \  
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5 

10 

R  R  
/   /  

- ( S } r t r 2 - f C   H , ) n 3 - C - N   - ( S K - ( C H 3 ) n r N  

- ( S ) r a < . - N   - ( N H ) n 5 - ( C H 2 ) m 5 - ( N   H ) n s ~ C - N ^  
X R '   

,  X '   R '  

R  
/  

- S - M - S - C - N   - S Z  

X '   R  , 

15  or   a  h e t e r o c y c l i c   r e s i d u a l   g r o u p   w i t h   a  v a l e n c e "   of   n ^  
( i n c l u d i n g   t h o s e   c o n d e n s e d   w i t h   an  u n s a t u r a t e d   r i n g   of   5 

or   6  m e m b e r s ) ;   and   X  r e p r e s e n t s   =S,  =0  or   =NR"  ;  w h e r e ,   R 

and   R'  e a c h   h a v e   t h e   same  m e a n i n g   as  R2  and   R^,  X'  h a v e  

t h e   same  m e a n i n g   as  X;  Z  r e p r e s e n t s   a  h y d r o g e n   a t o m ,   a n  

20  a l k a l i   m e t a l   a t o m ,   an  a m m o n i u m   g r o u p ,   an  a m i n o   g r o u p ,   a  

n i t r o g e n - c o n t a i n i n g   h e t e r o c y c l i c   g r o u p ,   an  a l k y l   g r o u p   o r  

/ R 4  
- S - B - Y   ;  M  r e p r e s e n t s   a  d i v a l e n t   m e t a l   a t o m ;  

R5 
25  R"  r e p r e s e n t s   a  h y d r o g e n   a t o m ,   an  a l k y l   g r o u p   h a v i n g   1  t o  

6  c a r b o n   a t o m s ,   a  c y c l o a l k y l   g r o u p ,   an  a r y l   g r o u p ,   a  

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

w i t h   an  u n s a t u r a t e d   r i n g   of  5  or   6  m e m b e r s )   or  an  a m i n o  

g r o u p ;   and   n  to   nr  a n d   m-,  to   nu  e a c h   r e o r e s e n t   an  i n t e g e r  - L b   J.  3 
30  of  1  to   6;  B  r e p r e s e n t s   an  a l k y l e n e   g r o u p   h a v i n g   1  to   6 

c a r b o n   a t o m s ;   Y  r e p r e s e n t s   -NC^  or  - C H ^ ,   R^  and   R,-  e a c h  

h a v e   t h e   same  m e a n i n g   as  R2  and   R^,  p r o v i d e d   t h a t   R^  a n d  

R^  e a c h   may  r e p r e s e n t   - B - S Z ,   or  R  and  R ' ,   R2  and   R^  ,  a n d  

R4  and   Rr  e a c h   may  c o m b i n e   to   f o r m   a  r i n g ;   t he   c o m p o u n d  

35  r e p r e s e n t e d   by  G e n e r a l   F o r m u l a   ( A - I I )   may  i n c l u d e  
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c o m p o u n d s   of  e n o l   f o r m   and  s a l t s   t h e r e o f   , 

G e n e r a l   F o r m u l a   ( A - I I I ) :  

R  s 

5  x Y i - ( B , - s t - ; 2 ; 1  

R 7  

w h e r e i n ,   and   R-,  e a c h   r e p r e s e n t   a  h y d r o g e n   a t o m ,   a n  

a l k y l   g r o u p   h a v i n g   1  to   6  c a r b o n   a t o m s ,   a  h y d r o x y l   g r o u p ,  

10  a  c a r b o x y l   g r o u p ,   an  a m i n o   g r o u p ,   an  a c y l   g r o u p   h a v i n g   1 

to   3  c a r b o n   a t o m s ,   an  a r y l   g r o u p ,   an  a l k e n y l   g r o u p   o r  

- B ^ - s - Z ^ ,   p r o v i d e d   t h a t   Rg  and  Rj  may  c o m b i n e   to   f o r m   a  

r i n g ;   Y]_  r e p r e s e n t s   ^ . N -   or   l ^ C H - ;   Bj_  r e p r e s e n t s   a n  

a l k y l e n e   g r o u p   h a v i n g   1  to   6  c a r b o n   a t o m s ;   r e p r e s e n t s   a  
15  h y d r o g e n   a t o m ,   an  a l k a l i   m e t a l   a t o m ,   an  a m m o n i u m   g r o u p ,   a n  

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

g r o u p ,   o r  

- S - B ^ - y ^   ;  and   n-j  r e p r e s e n t s   an  i n t e g e r   of  1  to   6 ,  

20  ^ R y  

G e n e r a l   F o r m u l a   ( I V ) :   R 

I  I 
R  a  -   N  -   3  z -   A r -   B  3 -   N  -   R j i  

[  I 
25  ( H ) x   ( H ) y  

(  G  '  h  
w h e r e i n ,   Ar  r e p r e s e n t s   a  d i v a l e n t   a r y l e n e   g r o u p   or  a  

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

a r y l   g r o u p   w i t h   an  o x y g e n   a t o m   a n d / o r   an  a l k y l e n e   g r o u p ;  

30  and   e a c h   r e p r e s e n t   a  l o w e r   a l k y l e n e   g r o u p ;   Rg,  R g ,  

R]_0  and  R-^  e a c h   r e p r e s e n t   a  h y d r o x y l - 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 ;   and   x  and  y  e a c h   r e p r e s e n t   0  or  1;  G  ' 

r e p r e s e n t s   an  a n i o n ;   and   z  r e p r e s e n t s   0,  1  or   2 .  

35 17.   The  b l e a c h - f i x i n g   s o l u t i o n   a c c o r d i n g   to   C l a i m   1 7 ,  

w h e r e i n   t h e   b l e a c h i n g   a c c e l e r a t o r   is   c o n t a i n e d   in  a n  
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a m o u n t   o f   0 . 0 1   to   100  g  p e r   l i t e r   of  t h e   b l e a c h - f i x i n g  

s o l u t i o n .  

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

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

b l e a c h - f i x i n g   s o l u t i o n   h a v i n g   t h e   pH  r a n g i n g   b e t w e e n   3 . 0  

and   6 . 8 ,   c o n t a i n i n g   a  f e r r i c   c o m p l e x   s a l t   h a v i n g   a  l i g a n d  

c o m p r i s i n g   a  c o m p o u n d   r e p r e s e n t e d   by  G e n e r a l   F o r m u l a   ( I )  

shown  b e l o w ,   and   f u r t h e r   c o n t a i n i n g   a t   l e a s t   one   o f ;  

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

r e p r e s e n t e d   r e s p e c t i v e l y   by  G e n e r a l   F o r m u l a   ( I I )   a n d  

G e n e r a l   F o r m u l a   ( I I I )   shown   b e l o w ;  

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

in  t h e   m o l e c u l a r   s t r u c t u r e ;   a n d  

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

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

c o m p o u n d s   r e p r e s e n t e d   r e s p e c t i v e l y   by  G e n e r a l   F o r m u l a s  

( IV)  to  ( V I I ) ,  

G e n e r a l   F o r m u l a   ( I ) :  

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

a l k y l   g r o u p ;   and   n^ ,   n2  and   n3  e a c h   r e p r e s e n t   a n  

i n t e g e r   of  0  t o   3,  p r o v i d e d   t h a t   t h e   sum  of   n , ,   n  
and   n^  i s   an  i n t e g e r   of  2  to   4  and   t h e   t o t a l   sum  o f  

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

R 1 
i s   3  or   m o r e ,  

G e n e r a l   F o r m u l a   ( I I ) :  

w h e r e i n   R~  and   R 3 

R  - C - O H  
3  l 

S03M 

r e p r e s e n t s   a  h y d r o g e n   a t o m   or   a n  
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a l k y l   g r o u p   h a v i n g   1  t o   8  c a r b o n   a t o m s ;   a n d   M 

r e p r e s e n t s   an  a l k a l i   m e t a l   a t o m   or  an  a m m o n i u m  

g r o u p ,  

G e n e r a l   F o r m u l a   ( I I I ) :  
5  OH  OH 

R 4 - ^ C H 2 - 4 H - ? - R 5  

S03M  SO3M 

w h e r e i n   R4  and   R5  e a c h   r e p r e s e n t   a  h y d r o g e n   a t o m   o r  

j  an  a l k y l   g r o u p   h a v i n g   1  to   8  c a r b o n   a t o m s ;   M 

10  r e p r e s e n t s   an  a l k a l i   m e t a l   a t o m   or  an  a m m o n i u m  

*  g r o u p ;   and   n  r e p r e s e n t s   an  i n t e g e r   of  0  to   6 ,  

G e n e r a l   F o r m u l a   ( I V ) :  

( C H 2 ) n 4 C 0 0 H  

R 2 - N  
t5  \ c H 2 ) n 5 C O O H  

w h e r e i n   R2  r e p r e s e n t s   an  a l k y l   g r o u p   h a v i n g   1  to   5 

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

h a v i n g   1  to   5  c a r b o n   a t o m s ,   or   —  (—  CH2  )  n g C 0 0 H ;   a n d  

n 4 '   n5  anc^  n6  e a c h   r e p r e s e n t s   an  i n t e g e r   of  1  or   2 ,  
20  G e n e r a l   F o r m u l a   ( V ) :  

H00CCH2  y   CH2COOH 
^ N - r - C H ,   ) -   (  CH  )nfl  (  CH,  ) n Q - N  /  2  n/   1  n8  2  ny  \  

HOOCCH,/   OH  C H 2 C 0 0 H  
w h e r e i n   and   ng  e a c h   r e p r e s e n t   an  i n t e g e r   of   0  t o  

25  3,  and   ng  r e p r e s e n t s   an  i n t e g e r   of  1  t o   3,  p r o v i d e d  

t h a t   t h e   sum  of  n-,,  ng  and  ng  i s   2  or  m o r e ,  
G e n e r a l   F o r m u l a   ( V I ) :  

rt  > 
R3  

x   
R7  R8  R9  RI0  / R 4  

f  .  ,  N - c - C H - C H - N -   )  n  ,  ,  - C H - C H - N  
*  /   l  \  

30  HOOC(CH)  /   CH0COOH  (CH)  1  1  COOH n i u   2  1  n i l  
R5  

_  
R6 

w h e r e i n   R^  and  R4  e a c h   r e p r e s e n t   a  h y d r o g e n   a t o m ,   a  
h y d r o x y l - s u b s t i t u t e d   a l k y l   g r o u p   h a v i n g   1  to   3 

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

h a v i n g   1  or  2  c a r b o n   a t o m s ;   R-  and  Rg  e a c h   r e p r e s e n t  

a  h y d r o g e n   a t o m   or  a  h y d r o x y l - s u b s t i t u t e d   p h e n y l  
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g r o u p ;   R7,  Rg,  Rg  and   R^Q  e a c h   r e p r e s e n t   a  h y d r o g e n  

a t o m   o r   a  h y d r o x y l - s u b s t i t u t e d   a l k y l   g r o u p   h a v i n g   1 

t a   3  c a r b o n   a t o m s ,   p r o v i d e d   t h a t   R?,   Rgr  Rg  a n d   R 1 0  
e a c h   may  c o m b i n e   to   f o r m   a  r i n g   h a v i n g   5  t o   8  c a r b o n  

5  a t o m s ;   n^Q  and   n-j^  e a c h   r e p r e s e n t   an  i n t e g e r   of  1  t o  

3;  and   n^2   r e p r e s e n t s   an  i n t e g e r   of   0  to   4 ,  

G e n e r a l   F o r m u l a   ( V I I ) :  

H00CCH2  , C H 2 C 0 0 H  
^ N - 4 - C H 2 C H 2 0   ) n l 3   C H 2 C H 2 - N  

10  H00CCH2  C H 2 C 0 0 H  
w h e r e i n   n^3   r e p r e s e n t s   an  i n t e g e r   of   1  t o   8  . 


	bibliography
	description
	claims

