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@  Reflective  photographic  material. 

  There  is  disclosed  a  reflective  photographic  material  hav- 
ing  photosensitive  emulsion  layers  applied  on  at  least  one  side 
of  a  support  film  of  thermoplastic  resin  essentially  comprised 
of  polyester  resin  that  contains  white  pigment  containing  90% 
by  weight  or  more  of  surface-treated  titanium  oxide  having  an 
average  particle  size  of  0.1  µm  to  0.5  µm  and  including  sub- 
stantially  no  particles  whose  size  is  50  µm  or  more.  The  dis- 
closed  photographic  material  shows  excellent  whiteness, 
opacity,  gloss  and  resolving  power.  A  permeation  of  a  photo- 
graphic  processing  liquid  through  the  cut  edge  of  the  support 
of  said  photographic  material  does  not  take  place. 



BACKGROUND  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  a  r e f l e c t i v e  

p h o t o g r a p h i c   m a t e r i a l .   Un l ike   the  s o - c a l l e d   t r a n s m i s s i o n - t y p e  

p h o t o g r a p h i c   m a t e r i a l   whe re in   a  p h o t o g r a p h i c   image  i s  

p r o j e c t e d   t h e r e o n   by  means  of  t r a n s m i t t e d   l i g h t   and  i t s  

p r o j e c t e d   image  is  u t i l i z e d ,   the  p r e s e n t   r e f l e c t i v e  

p h o t o g r a p h i c   m a t e r i a l   means  a  p h o t o g r a p h i c   m a t e r i a l   as  u s u a l l y  

c a l l e d   a  p h o t o g r a p h i c   paper   w h e r e i n   an  opaque  m a t e r i a l   is  u s e d  

as  a  s u p p o r t   t h e r e o f   and  a  p h o t o g r a p h i c   l a y e r   is  p r o v i d e d  

t h e r e o n   and  a  p h o t o g r a p h i c   image  formed  on  the  p h o t o g r a p h i c  

l a y e r   is  u s u a l l y   en joyed   d i r e c t l y   by  means  of  r e f l e c t e d   l i g h t .  

H i t h e r t o ,   a  p o l y e t h y l e n e - c o a t e d   paper   whe re in   a  l a y e r   o f  

p o l y e t h y l e n e   in  which  whi te   p igment   and  o t h e r s   are  kneaded   i s  

p r o v i d e d   on  a  base  paper   made  from  pulp  has  been  g e n e r a l l y  

used  as  a  s u p p o r t   for   the  r e f l e c t i v e   p h o t o g r a p h i c   m a t e r i a l .  

On  the  r e f l e c t i v e   p h o t o g r a p h i c   m a t e r i a l   whe re in   a  

p o l y e t h y l e n e - c o a t e d   paper   is  used  as  a  s u p p o r t ,   however ,   t h e  



b r i g h t n e s s ,   the  s h a r p n e s s   and  the  b e a u t y   caused   by  the  f o r m e r s  

of  a  p h o t o g r a p h i c   image  are  r e m a r k a b l y   d e t e r i o r a t e d   by  t h e  

r o u g h n e s s   on  the  s u r f a c e   of  an  a d j o i n i n g   s u p p o r t   of  base  p a p e r  

t h a t   c a u s e s   a  g l o s s y   s u r f a c e   hav ing   a  c o a r s e   wavy  form  on  t h e  

p h o t o g r a p h i c   image.  F u r t h e r ,   the  cut   edges  of  a  base  p a p e r  

are  not  c o a t e d   though  both  s i d e s   of  a  s u p p o r t   of  base  p a p e r  

are  c o v e r e d   by  a  w a t e r - p r o o f   p o l y e t h y l e n e   t h i n   f i lm  a n d  

t h e r e f o r e ,   t h e r e   have  been  d i s a d v a n t a g e s   t h a t   d e v e l o p i n g  

l i q u i d   and  o t h e r s   p e r m e a t e   the  base  paper   t h r o u g h   i t s   c u t  

edges  and  they  r each   a  p h o t o g r a p h i c   l a y e r   t h r o u g h   a  c h a n g e  

wi th   the  p a s s a g e   of  t ime ,   r e s u l t i n g   in  a  bad  i n f l u e n c e   on  t h e  

p h o t o g r a p h i c   image  o b t a i n e d .  

As  a  method  for   ove rcoming   a f o r e s a i d   d i s a d v a n t a g e ,   t h e r e  

have  been  p r o p o s e d   some  methods   which  do  not  employ  a  b a s e  

paper   but  employ  only  a  t h e r m o p l a s t i c   r e s i n   f i lm  as  a  s u p p o r t .  

In  each  of  J a p a n e s e   P a t e n t   P u b l i c a t i o n   Open  to  P u b l i c  

I n s p e c t i o n   No.  114921/1974   and  J a p a n e s e   P a t e n t   E x a m i n e d  

in  a  p o l y s t y r e n e   type  r e s i n   f i lm  is  d i s c l o s e d   but  t h e s e   f i l m s  

have  d i s a d v a n t a g e s   t h a t   they  are  hard  and  f r a g i l e .   From  t h e  

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

and  o t h e r s   of  t h i s   f i l m ,   p o l y e s t e r   r e s i n s   such  as  p o l y e t h y l e n e  

t e r e p h t h a l a t e   and  o t h e r s   are  e x c e l l e n t   and  as  the  t e c h n o l o g y  

employ ing   t h i s   p o l y e s t e r   r e s i n s ,   t h e r e   are  d i s c l o s e d   some 

methods  w h e r e i n   bar ium  s u l f a t e   is  added  to  p o l y e s t e r   r e s i n s  

and  then   they  are  s t r e t c h e d ,   in  B r i t s h   P a t e n t   Nos.  1 , 5 6 3 , 5 9 1  



and  1 , 5 6 3 , 5 9 2 .   In  t h i s   method,   however ,   i t   is  i m p o s s i b l e   t o  

o b t a i n   s u f f i c i e n t   w h i t e n e s s   as  a  s u p p o r t   for   the  r e f l e c t i v e  

p h o t o g r a p h i c   m a t e r i a l .   This  is  e v i d e n c e d   by  the  examples   i n  

the  p a t e n t s   whe re in   f l u o r e s c e n t   b r i g h t e n e r   and  o t h e r   p i g m e n t  

are  used  a b u n d a n t l y .   F u r t h e r ,   as  a  r e s u l t   of  s t r e t c h i n g ,  

v a c a n t   spaces   are  p roduced   a round  the  bar ium  s u l f a t e   p a r t i c l e s  

and  t h e r e b y   the  r e s o l v i n g   power  for   images  o b t a i n e d   a f t e r   t h e  

c o a t i n g   of  p h o t o g r a p h i c   l a y e r   becomes  i n s u f f i c i e n t .   I n  

J a p a n e s e   P a t e n t   Examined  P u b l i c a t i o n   No.  4910 /1981 ,   on  t h e  

o t h e r   hand,  t h e r e   is  d i s c l o s e d   a  t e c h n o l o g y   whe re in   b a r i u m  

s u l f a t e   and  t i t a n i u m   ox ide   are  used  in  c o m b i n a t i o n .   In  t h e  

a f o r e s a i d   p a t e n t ,   o l e f i n   type  r e s i n s ,   s t y r e n e   type  r e s i n s ,  

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

p o l y c a r b o n a t e   type  r e s i n s   as  well   as  s a t u r a t e d   p o l y e s t e r   t y p e  

r e s i n s   are  s t a t e d   to  be  p r e f e r a b l e   but  i t   is  i m p o s s i b l e   t o  

app ly   to  p o l y e s t e r   type  r e s i n s   for   the  f o l l o w i n g   two  r e a s o n s .  

The  f i r s t   r e a s o n   is  t h a t   the  d e s i r a b l e   w h i t e n e s s   can  not  b e  

o b t a i n e d   w i t h o u t   s t r e t c h i n g   b e c a u s e   an  index  of  r e f r a c t i o n   o f  

bar ium  s u l f a t e   is  c l o s e   to  t h a t   of  p o l y e s t e r   r e s i n   and  t h e r e  

is  no  d i s c l o s u r e   about   the  o c c a s i o n   of  add ing   to  p o l y e s t e r  

type  r e s i n   in  the  p a t e n t .   The  second  r e a s o n   is  t h a t   t i t a n i u m  

o x i d e ,   if   i t   is  added  to  p o l y e s t e r   type  r e s i n s   and  s t r e t c h e d ,  

c a u s e s   the  v a c a n t   spaces   to  be  p roduced   around  the  p a r t i c l e s  

and  t h e r e b y   the  d e s i r a b l e   w h i t e n e s s   can  not  be  o b t a i n e d   a n d  

the  r e s o l v i n g   power  on  the  p h o t o g r a p h i c   image  is  i n s u f f i c i e n t  



as  s t a t e d   above.   As  m e n t i o n e d   above,   no  s a t i s f a c t i o n   has  b e e n  

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

SUMMARY  OF  THE  INVENTION 

The  p r e s e n t   i n v e n t i o n   has  been  d e v i s e d   for   the  p u r p o s e   o f  

ove rcoming   the  a f o r e s a i d   d i s a d v a n t a g e s   and  the  o b j e c t   of  t h e  

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

m a t e r i a l   whe re in   t h e r e   is  no  p e r m e a t i o n   of  p h o t o g r a p h i c  

p r o c e s s i n g   l i q u i d   and  o t h e r s   t h r o u g h   the  cut  edge  of  a  s u p p o r t  

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

o p a c i t y ,   g l o s s i n e s s   and  f u r t h e r   the  r e s o l v i n g   power  on  t h e  

p h o t o g r a p h i c   image  t h e r e o f   are  e x c e l l e n t .  

A f o r e s a i d   o b j e c t   of  the  p r e s e n t   i n v e n t i o n   may  be  a t t a i n e d  

by  a  r e f l e c t i v e   p h o t o g r a p h i c   m a t e r i a l   whe re in   p h o t o s e n s i t i v e  

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

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

p o l y e s t e r   r e s i n   c o n t a i n i n g   whi te   p igment   t h a t   c o n t a i n s   90%  by 

we igh t   or  more  of  s u r f a c e - t r e a t e d   t i t a n i u m   ox ide   hav ing   a n  

a v e r a g e   p a r t i c l e   s i z e   of  0 .1µm-0.5µm  and  hav ing   s u b s t a n t i a l l y  

no  p a r t i c l e s   whose  s i z e   is  50Pm  or  m o r e .  

A  t h e r m o p l a s t i c   r e s i n   p r i m a r i l y   composed  of  p o l y e s t e r  

r e s i n   used  in  the  p r e s e n t   i n v e n t i o n   ( h e r e i n a f t e r   r e f e r r e d   t o  

as  " the   r e s i n   of  the  p r e s e n t   i n v e n t i o n " )   i n c l u d e s  

t h e r m o p l a s t i c   r e s i n   composed  only  of  p o l y e s t e r ,   as  a  m a t t e r   o f  

o u r s e ,   and  o t h e r   ones  whe re in   o t h e r   po lymer ,   a d d i t i v e s   a n d  



o t h e r s   are  added  t h e r e t o   w i t h i n   a  range   t h a t   does  n o t  

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

is  p r i n c i p a l   i n g r e d i e n t .  

As  p o l y e s t e r   r e s i n   used  in  the  i n v e n t i o n ,   t h e r e   are  c i t e d  

polymer   of  c o n d e n s a t e   be tween  a r o m a t i c   d i c a r b o x y l i c   ac id   s u c h  

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

n a p t h t h a l e n e d i c a r b o x y l i c   a c i d s ,   and  g l y c o l   such  as  e t h y l e n e  

g l y c o l ,   1 , 3 - p r o p a n e d i o l ,   and  1 , 4 - b u t a n e d i o l ,   i n c l u d i n g  

p o l y e t h y l e n e   t e r e p h t h a l a t e ,   p o l y e t h y l e n e - 2 , 6 - d i n a p h t h a l a t e ,  

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

and  t h e i r   c o p o l y m e r s .   Among  them,  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  

( h e r e i n a f t e r   r e f e r r e d   to  as  PET)  is  p r e f e r a b l e .   In  g e n e r a l ,  

f i lm  made  from  PET  r e s i n   is  e x c e l l e n t   not  only  in  w a t e r -  

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

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

but  a l s o   in  c h e m i c a l   r e s i s t a n c e   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 .  

The  i n t r i n s i c   v i s c o s i t y   of  the  p o l y e s t e r   r e s i n   of  t h e  

i n v e n t i o n   measured   at  20°C  in  a  mixed  s o l v e n t   of  phenol   a n d  

t e t r a c h l o r o e t h a n e   (60:40  in  we igh t )   is  p r e f e r a b l y   0.4  to  1 . 0 ,  

and  e s p e c i a l l y   p r e f e r a b l y   0.5  to  0 . 8 .  

White  p igment   used  in  the  i n v e n t i o n   is  composed  of  90%  by  

we igh t   or  more  of  s u r f a c e - t r e a t e d   t i t a n i u m   ox ide   hav ing   an  a v e r a g e  

p a r t i c l e   s i z e   of  0.1  to  0.5pm,  and  s u b s t a n t i a l l y   c o n t a i n i n g   no  

p a r t i c l e s   not  s m a l l e r   than  50pm.  Said  s u r f a c e   t r e a t m e n t   o f  

t i t a n i u m   ox ide   p a r t i c l e s   is  r e f e r r e d   to  at  l e a s t   one  of  t h o s e  



with  oxygen  bond -o r   h y d r o x y l   group  b o n d - c a r r y i n g   aluminum  compounds  

(such  as  a lumina )   or  s i l i c o n   compounds  (such  as  s i l i c i c   a c i d ) ,  

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

a l c o h o l   or ,   the  above  t r e a t m e n t   p lus   the  p o s t - t r e a t m e n t   w i t h  

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

or  the  l i k e   for   the  pu rpose   of  g i v i n g   to  t i t a n i u m   ox ide   p a r t i c l e s  

the  a f f i n i t y   to  the  r e s i n   of  the  i n v e n t i o n .  

As  a  s u r f a c e - t r e a t m e n t   in  the  p r e s e n t   i n v e n t i o n ,   t h e  

s u r f a c e - t r e a t m e n t   with  an  oxygen  bond-  or  h y d r o x y l   group  b o n d -  

c a r r y i n g   aluminum  compound  a n d / o r   s i l i c o n   compound  i s  

p r e f e r a b l e .   Aluminum  compounds,   (when  c a l c u l a t e d   in  the  f o r m  

of  Al2O3),   are  to  be  used  in  the  amount  of,   for   example ,   0 . 5 -  

20%  by  we igh t   and  p r e f e r a b l y   of  0.5-5%  by  we igh t   a g a i n s t  

t i t a n i u m   o x i d e .   S i l i c o n   compounds,   (when  c a l c u l a t e d   in  t h e  

form  of  S i 0 2 ) ,   are  to  be  used  in  the  amount  of ,   for   e x a m p l e ,  

0.1-20%  by  we igh t   and  p r e f e r a b l y   of  0.5-5%  by  we igh t   a g a i n s t  

t i t a n i u m   o x i d e .   T i t a n i u m   ox ide   t r e a t e d   wi th   Si02  and  At203  a t  

the  same  time  is  e s p e c i a l l y   u s e f u l   in  the  i n v e n t i o n .  

The  amount  of  aluminum  compounds  to  be  used  is  f r e e   b u t  

at  l e a s t   0.1%  by  we igh t   of  s i l i c o n   compounds  a g a i n s t   t i t a n i u m  

ox ide   should   be  d e p o s i t e d   t o g e t h e r   wi th   aluminum  compounds.   T h e s e  

methods  for   t r e a t m e n t   are  d i s c l o s e d   in  B r i t i s h   P a t e n t   No.  1164849 

or  in  West  German  OLS  P a t e n t   No.  1 1 6 7 4 4 2 .  

A f t e r   the  a f o r e s a i d   s u r f a c e - t r e a t m e n t ,   f u r t h e r   t r e a t m e n t  

with  m e t a l l i c   soap,   s u r f a c t a n t ,   c o u p l i n g   agen t   or  p o l y h y d r i c  



a l c o h o l   is  a l s o   p r e f e r a b l e   and  they  may  be  e m p l o y e d  

i n d i v i d u a l l y   or  in  c o m b i n a t i o n .   As  a  s u r f a c t a n t ,   any  of  a n i o n  

t y p e ,   c a t i o n   type   and  nonion   type  s u r f a c t a n t s   may  be  u s e d .  

M e t a l l i c   soaps  d e s c r i b e d   below  are   e s p e c i a l l y   u s e f u l .   A n i o n  

type  s u r f a c t a n t   means  h i g h e r   f a t t y   ac id   and  i t s   m e t a l l i c   s a l t ,  

e s t e r   s u l f a t e ,   s u l f o n a t e   and  e s t e r   p h o s p h a t e .   As  h i g h e r   f a t t y  

ac id   and  i t s   m e t a l l i c   soap,   l a u r i c   a c i d ,   p a l m i t i c   a c i d ,  

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

z inc   s t e a r a t e ,   c a l c i u m   s t e a r a t e ,   magnesium  s t e a r a t e   and  o t h e r s  

may  be  used .   As  e s t e r   s u l f a t e ,   a l k y l e s t e r   s u l f a t e   such  a s  

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

s u l f a t e ,   l a u r y l   s u l f a t e   and  o l e y l   s u l f a t e   e t c . ;  

p o l y o x y e t h y l e n e   a l k y l e t h e r   e s t e r   s u l f a t e   such  as  s o d i u m  

p o l y o x y e t h y l e n e p h e n y l   s u l f a t e ,   ammonium  p o l y o x y e t h y l e n e   p h e n y l  

s u l f a t e   and  o t h e r s ;   and  p o l y o x y e t h y l e n e   a l k y l a r y l e t h e r   e s t e r  

s u l f a t e   such  as  sodium  p o l y o x y e t h y l e n e - n o n y l p h e n y l   s u l f a t e ,  

ammonium  p o l y o x y e t h y l e n e   n o n y l p h e n y l   s u l f a t e   and  o t h e r s   may  b e  

used .   As  s u l f o n a t e ,   a l k y l a r y l   s u l f o n a t e   such  a s  

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

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

f a t t y   ac id   a l k y l o l a m i d e   s u l f o n a t e   such  as  N-methyl   N- 

o l e y l t a u r i n e   sodium  or  the  l i k e   may  be  used .   As  e s t e r  

p h o s p h a t e ,   a m i n o a l k y l   e s t e r   p h o s p h a t e   and  o t h e r s   may  be  u s e d .  

C a t i o n   type   s u r f a c t a n t   means  amine  s a l t   and  q u a t e r n a r y  

ammonium  s a l t .   As  amine  s a l t ,   t e r t i a r y   amine  s a l t   such  a s  



t r i e t h a n o n a m i n e   c h l o r i d e   or  the  l i k e ;   s e c o n d a r y   amine  s a l t  

such  as  N - l a u r y l b e n z y l   amine  c h l o r i d e   or  the  l i k e ; a n d   p r i m a r y  

amine  s a l t   such  as  l a u r y l a m i n e   a c e t a t e   or  the  l i k e   may  b e  

used .   As  q u a t e r n a r y   ammonium  s a l t ,   a l k y l t r i m e t h y l   ammonium 

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

l i k e ;   and  a l k y l d i m e t h y l b e n z y l   ammonium  c h l o r i d e   such  a s  

l a u r y l d i m e t h y l b e n z y l   ammonium  c h l o r i d e   or  the  l i k e   may  b e  

u s e d .  

Nonion  type   s u r f a c t a n t   means  p o l y e t h y l e n e g l y c o l  

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

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

p o l y o x y e t h y l e n e o c t y l p h e n y l e t h e r   such  as  p o l y o x y e t h y l e n e o l e y l  

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

p o l y o x y e t h y l e n e s t e a r y l   e t h e r   or  the  l i k e ;  

p o l y o x y e t h y l e n e a l k y l a r y l   e t h e r   such  a s  

p o l y o x y e t h y l e n e o c t y l p h e n y l   e t h e r ,   p o l y o x y e t h y l e n e o n y l p h e n y l  

e t h e r   or  the  l i k e ;   p o l y o x y e t h y l e n e   f a t t y   ac id   amide  such  a s  

p o l y o x y e t h y l e n e s t e a r y l   amide,   p o l y o x y e t h y l e n e o l e y l   amide  o r  

the  l i k e ;   and  p o l y o x y e t h y l e n e p o l y p r o p y l e n e g l y c o l   e t h e r   such  a s  

p o l y o x y e t h y l e n e p o l y o x y p r o p y l e n e c e t y l   e t h e r   or  the  l i k e .   As 

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

as  s o r b i t a n m o n o l a u r a t e ,   s o r b i t a n - m o n o p a l m i t a t e ,   s o r b i t a n -  

m o n o s t e a r a t e ,   s o r b i t a n t r i o r a t e   or  the  l i k e ;   and  p o l y e t h y l e n e  

s o r b i t a n   f a t t y   ac id   e s t e r   such  as  p o l y o x y e t h y l e n e   s o r b i t a n -  

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



p o l y o x y e t h y l e n e   s o r b i t a n - t r i o r a t e   or  the  l i k e   may  be  u s e d .  

An  amount  of  t h e s e   s u r f a c t a n t s   for   the  t r e a t m e n t   i s  

p r e f e r a b l y   abou t   0.01-10%  by  we igh t   a g a i n s t   t i t a n i u m   o x i d e .  

As  c o u p l i n g   a g e n t s ,   a l k y l   t i t a n a t e   is  t y p i c a l   and  a s  

a l k y l   t i t a n a t e ,   i s o p r o p y l t i t a n a t e   s a l t   such  as  i s o p r o p y l t r i -  

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

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

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

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

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

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

i s o p r o p y l t r i ( d i o c t y l p h o s p h a t e ) t i t a n a t e ,   i s o p r o p y l - 4 -  

a m i n o b e n z e n s u l f o n y l d i ( d o d e c y l b e n z e n s u l f o n y l )   t i t a n a t e ,  

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

i s o p r o p y l d i ( 4 - a m i n o b e n z o y l ) i s o s t e a r o y l t i t a n t e ,  

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

e t h y l a m i n o ) t i t a n a t e ,   i s o p r o p y l t r i ( 2 - a m i n o b e n z o y l ) t i t a n a t e ,  

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

h y d r o g e n ) p h o s p h a t e   a d d i t i o n   compound,  d i ( b u t y l ,  

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

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

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

t i t a n i u m a c r y l a t e i s o s t e a r a t e o x y a c e t a t e ,  

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

t i t a n i u m d i ( c u m u l p h e n y l a t e ) o x y a c e t a t e  



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

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

o c t y l p y r o p h o s p h a t e ) d i ( d i o c t y l ,  

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

o c t y l p y r o p h o s p h a t e ) d i ( d i o c t y l ,  

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

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

h y d r o g e n p h o s p h i t e ) o x y a c e t a t e   a d d i t i o n   compound  and  e t h y l e n e  

t i t a n a t e   such  as  d i i s o s t e a r o y l e t h y l e n e   t i t a n a t e ,  

d i ( d i o c t y l p h o s p h a t e ) e t h y l e n e   t i t a n a t e ,   4 -  

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

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

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

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

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

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

d i ( d i - t r i d e c y l ) p h o s p h i t e   a d d i t i o n   compound  may  be  used .   The 

amount  of  t h e s e   a l k y l   t i t a n a t e   for   s u r f a c e - t r e a t m e n t   o f  

t i t a n i u m   ox ide   is  to  be  0.1-3%  by  w e i g h t   a g a i n s t   t i t a n i u m   o x i d e  

and  0 .2 -1 .5%  by  we igh t   is  e s p e c i a l l y   p r e f e r a b l e .   As  p o l y h y d r i c  

a l c o h o l ,   the  one  hav ing   two  h y d r o x y l   g roups   in  one  m o l e c u l e  

such  as  e t h y l e n e   g l y c o l ,   p r o p y l e n e   g l y c o l ,   1 , 3 - d i h y d r o x y  



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

d i h y d r o x y - h e x a n e ,   2 , 4 - d i h y d r o x y - 2 - m e t h y l   p e n t a n e ,  

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

one  hav ing   t h r e e   h y d r o x y l   g roups   in  one  m o l e c u l e   such  a s  

t r i m e t h y l o l   e t h a n e ,   t r i m e t h y l o l   p r o p a n e ,   g l y c e r o l ,   2 , 4 -  

d i h y d r o x y - 3 - h y d r o x y m e t h y l   p e n t a n e ,   1 , 2 , 6 - h e x a n e t r i o l ,   2 - 2 -  

b i s ( h y d r o x y m e t h y l ) - 3 - b u t a n o l   and  o t h e r s   and  the  one  hav ing   4 

h y d r o x y l   g roups   in  one  m o l e c u l e   such  as  p e n t a e r y t h r i t o l   a n d  

o t h e r s   may  be  u s e d .  

B e s i d e s   the  above ,   an  amine,   p - d i k e t o n e   c h e l a t e   and  t h e  

l i k e   may  a l s o   a d v a n t a g e o u s l y   be  used  as  the  s u r f a c e   t r e a t i n g  

a g e n t s   in  the  i n v e n t i o n .  

As  for   such  amines   which  may  be  used  t h e r e i n ,   a  p r i m a r y  

amine  such  as  e t h a n o l   amine,   l a u r y l a m i n e ,   b u t a n o l a m i n e   or  t h e  

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

amine,   N - m e t h y l e t h a n o l a m i n e   or  the  l i k e ,   a  t e r t i a r y   amine  s u c h  

as  t r i e t h a n o l a m i n e ,   N , N - d i m e t h y l a u r y l a m i n e ,   N , N , -  

d i b u t y l p r o p a n o l   amine  or  the  l i k e   may  be  i n c l u d e d ,   f o r  

e x a m p l e .  

An  amount  of  t h e s e   amines  to  be  used  in  a  c o a t i n g   p r o c e s s  

is  p r e f e r a b l y   of  the  o r d e r   of  from  about   0.01%  by  we igh t   t o  

10%  by  we igh t   of  t i t a n i u m   ox ide   u s e d .  

The  u s e f u l   B - d i k e t o n e   c h e l a t e s   i n c l u d e ,   for   example ,   a n  

a c e t y l a c e t o n e   c h e l a t e   such  as  a c e t y l a c e t o n c a l c i u m ,  

a c e t y l a c e t o n a l u m i n i u m ,   a c e t y l a c e t o n m a g n e s i u m   or  the  l i k e ,   a 



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

b e n z o y l a c e t o n e c o p p e r ,   b e n z o y l a c e t o n e a l u m i n i u m   or  the  l i k e ,   a 

b e n z o y l t r i f l u o r a c e t o n e   c h e l a t e   such  a s  

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

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

f u r o y l a c e t o n e a l u m i n i u m ,   f u r o y l a c e t o n e   c a l c i u m ,   f u r o y l a c e t o n e  

t i t a n i u m   or  the  l i k e ,   a  t r i f l u o r a c e t y l a c e t o n e   c h e l a t e   such  a s  

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

t r i f l u o r a c e t y l a c e t o n e b a r i u m   or  the  l i k e ,   a  d i b e n z o y l m e t h a n e  

c h e l a t e   such  as  d i b e n z o y l m e t h a n e m a g n e s i u m ,   d i b e n z o y l m e t h a n e  

ind ium,   d i b e n z o y l m e t h a n e c a l c i u m   or  the  l i k e .  

An  amount  of  t h e s e   6 - d i k e t o n e   c h e l a t e s   to  be  used  in  a  

c o a t i n g   p r o c e s s   is  p r e f e r a b l y   of  the  o r d e r   of  from  about   0.01% 

by  we igh t   to  10%  by  we igh t   of  t i t a n i u m   oxide   u s e d .  

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

t r e a t i n g   a g e n t s   of  the  i n v e n t i o n   over  to  the  s u r f a c e s   o f  

t i t a n i u m / o x i d e / p a r t i c l e s   i n c l u d e ,   for   example ,   a  p r o c e s s   i n  

which  t i t a n i u m   ox ide   is  d ipped   in  a  s o l u t i o n   p r e p a r e d   by  

d i s s o l v i n g   the  s u r f a c e   t r e a t i n g   agen t   of  the  i n v e n t i o n   i n to   a 

s o l v e n t ,   and  the  s o l v e n t   is  removed  by  an  e v a p o r a t i o n ,   and  t h e  

r e m a i n i n g   m a t t e r   is  d r i e d   up;  a n o t h e r   p r o c e s s   in  w h i c h  

t i t a n i u m   ox ide   is  s p r a y e d   wi th   a  s o l u t i o n   p r e p a r e d   by  

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

s o l v e n t ,   and  the  s o l v e n t   is  removed  t h e r e f r o m ,   and  t h e  

r e m a i n i n g   m a t t e r   is  d r i e d   up;  a  f u r t h e r   p r o c e s s   in  which  t h e  



s u r f a c e   t r e a t i n g   agen t   of  the  i n v e n t i o n   is  f i n e l y   l i q u i d -  

g r a i n e d   and  they  are   mixed  up  in  t i t a n i u m   o x i d e ;   and  the  l i k e  

p r o c e s s e s .   Among  the  a b o v e m e n t i o n e d   p r o c e s s e s ,   the  f i r s t -  

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

As  a  method  for   c a u s i n g   s u r f a c e - t r e a t e d   t i t a n i u m   ox ide   o f  

the  p r e s e n t   i n v e n t i o n   to  be  d i s p e r s e d   and  c o n t a i n e d   i n  

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

t i t a n i u m   ox ide   to  be  added  and  d i s p e r s e d   in  g l y c o l s   such  a s  

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

s l u r r y   to  be  added  to  p o l y m e r - f o r m i n g   p r e c u r s o r ,   a  method  f o r  

m e l t i n g   and  mix ing   by  the  use  of  the  k n e a d e r   such  as  a  

m ixe r ,   a  m i x e r , a   h e a t i n g   and  k n e a d i n g   r o l l ,   a 

d o u b l e - s h a f t   screw  k n e a d e r   and  a  k n e a d e r   and  a  method  f o r  

add ing   and  mixing   polymer   m a t e r i a l s   when  they  are  me l t ed   a n d  

formed,   are  g iven   and  in  t h o s e   me thods ,   t h e r e   is  no  

r e s t r i c t i o n   for   the  t i m i n g   and  the  o r d e r   of  add ing   t h e r e o f ,  

namely ,   they   may  be  added  any  time  d u r i n g   the  p e r i o d   t h a t   e n d s  

up  with  f i l m - f o r m i n g .  

As  t i t a n i u m   ox ide   used  in  the  i n v e n t i o n ,   t i t a n i u m   o x i d e  

(IV)  of  r u t i l e   a n d / o r   a n a t a s e   form  is  u s e f u l .   S ince   t h e  

t i t a n i u m   ox ide   used  in  the  i n v e n t i o n   is  much  h i g h e r   than  t h e  

r e s i n   of  the  i n v e n t i o n   in  r e f r a c t i v e   index  (2.5  to  2.75  v e r s u s  

1.66  for   PET),  i t   can  g ive   to  the  p h o t o g r a p h i c   image  e x c e l l e n t  

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

used  in  the  s u p p o r t   of  a  p h o t o g r a p h i c   m a t e r i a l .  



T i t a n i u m   oxide   used  in  the  i n v e n t i o n   has  an  a v e r a g e  

p a r t i c l e   s i z e   from  0.1µm,  to  0.5pm,  and  s u b s t a n t i a l l y   c o n t a i n s  

no  p a r t i c l e s   not  s m a l l e r   than  50pm.  If  an  a v e r a g e   p a r t i c l e  

s i z e   exceeds   the  range   of  the  i n v e n t i o n ,   e f f e c t i v e  

r e f l e c t i v i t y ,   o p a c i t y   and  w h i t e n e s s   are  hard  to  be  o b t a i n e d .  

Even  in  case  of  t i t a n i u m   oxide   wi th   an  a v e r a g e   p a r t i c l e   s i z e  

w i t h i n   the  range   of  0.1  to  0.5um,  i t s   p a r t i c l e s   w o u l d  

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

i n v e n t i o n   to  form  s e c o n d a r y   p a r t i c l e s   even  l a r g e r   than  50pm, 

c a u s i n g   v a r i o u s   p rob lems   such  as  the  lack   of  t e a r   s t r e n g t h  

d u r i n g   fo rming   a  s t r e t c h i n g   of  the  f i lm ;   the  loss   o f  

s m o o t h n e s s ,   g l o s s i n e s s   as  wel l   as  m e c h a n i c a l   s t r e n g t h   of  t h e  

p o l y e s t e r - b a s e d   f i lm ;   and  f u r t h e r ,   the  o c c u r r e n c e   of  w h i t e  

s p o t - l i k e   d e f e c t s   on  the  p h o t o g r a p h i c   image  when  a 

p h o t o g r a p h i c   l a y e r   is  p r o v i d e d ,   which  is  not  d e s i r a b l e   as  a 

p h o t o g r a p h i c   m a t e r i a l .   The  t i t a n i u m   ox ide   used  in  t h e  

i n v e n t i o n ,   t h e r e f o r e ,   for   the  p r e f f e r e d   embodiment ,   s h a l l   not  o n l y  

c o n t a i n   no  p a r t i c l e s   l a r g e r   than  50pm  s u b s t a n t i a l l y   but  a l s o   b e  

d i s p e r s e d   i n t o   the  r e s i n   of  the  i n v e n t i o n   and  formed  so  as  t o  

not  be  r e a g g r e g a t e d   to  p a r t i c l e s   l a r g e r   than  50pm. 

The  c o n t e n t   of  the  above  wh i t e   p igment   in  the  r e s i n   o f  

the  i n v e n t i o n   is  p r e f e r a b l y   10  to  50  p a r t s   by  we igh t   per  100 

p a r t s   by  we igh t   of  the  r e s i n ,   and  e s p e c i a l l y   p r e f e r a b l y   15  t o  

30  p a r t s   by  we igh t   per  100  p a r t s   by  we igh t   of  r e s i n ,   in  t e r m s  

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



As  whi te   p igment   u s a b l e   in  c o m b i n a t i o n   wi th   sa id   t i t a n i u m  

ox ide   of  the  i n v e n t i o n   in  the  whi te   p igment   of  the  i n v e n t i o n ,  

t h e r e   are   c i t e d   one  or  p l u r a l   k inds   of  i n o r g a n i c   p i g m e n t s   s u c h  

as  bar ium  s u l f a t e ,   s i l i c a ,   t a l c ,   and  c a l c i u m   c a r b o n a t e .   I t   i s  

p r e f e r a b l e   t h a t   the  dose  of  such  whi te   p igment   dose  not  e x c e e d  

10  p a r t s   by  we igh t   per  100  p a r t s   by  we igh t   of  r e s i n   of  t h e  

i n v e n t i o n .  

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

used  such  as,   for   example ,   f l u o r e s c e n t   b r i g h t e n e r ,   d y e s ,  

u l t r a v i o l e t   ray  a b s o r b i n g   a g e n t ,   a n t i s t a t i c   agen t   or  the  l i k e  

are  a l l o w e d   to  be  c o n t a i n e d   t h e r e i n   w i t h i n   the  range   t h a t   d o e s  

not  harm  the  o b j e c t   of  the  i n v e n t i o n .  

To  make  the  s u p p o r t   f i lm  for   the  r e f l e c t i v e   p h o t o g r a p h i c  

m a t e r i a l   of  the  i n v e n t i o n ,   the  r e s i n   of  the  i n v e n t i o n   is  m i x e d  

with  s a id   whi te   p igment   of  the  i n v e n t i o n ,   m e l t e d ,   e x t r u d e d  

t h r o u g h   a  s l i t   d i e ,   and  quenched   with  a  r o t a t i n g   drum  or  t h e  

l i k e   to  o b t a i n   an  amorphous  s h e e t .   The  o b t a i n e d   s h e e t   may  b e  

s t r e t c h e d   l e n g t h w i s e   and  w i d t h w i s e   in  the  o r d e r   o f  r e s p e c t i v e  

d i r e c t i o n   or  s i m u l t a n e o u s l y ,   at  a  t e m p e r a t u r e   be tween  t h e  

g l a s s   t r a n s i t i o n   p o i n t   (Tg)  and  130°C.  The  s t r e t c h i n g   r a t i o  

is  p r e f e r a b l y   from  4  to  16  on  the  b a s i s   of  a r e a ,   for   t h e  

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

s t a b i l i t y   of  the  s u p p o r t   f i l m .   Then  the  f i lm  is  p r e f e r a b l y  

h e a t - s e t   and  a n n e a l e d .  



The  t h i c k n e s s   of  the  s u p p o r t   f i lm  of  the  i n v e n t i o n   i s  

p r e f e r a b l y   50  to  300µm,  and  f u r t h e r   p r e f e r a b l y   75  to  250µm.  A 

f i lm  t h i n n e r   than  50pm  would  be  apt   to  w r i n k l e   b e c a u s e   of  i t s  

poor  s t i f f n e s s .   A  f i lm  t h i c k e r   than  300pm  would  be  hard   t o  

h a n d l e   b e c a u s e   of  i t s   t h i c k n e s s   which  is  too  t h i c k .  

It   is  p r e f e r a b l e   t h a t   the  t r a n s m i s s i o n   f a c t o r   for   w h o l e  

v i s i b l e   l i g h t   of  the  s u p p o r t   of  the  i n v e n t i o n   is  20%  or  l e s s  

for   the  s u f f i c i e n t   v i s u a l   o p a c i t y   and  w h i t e n e s s   and  10%  o r  

l e s s   is  more  p r e f e r a b l e .   A c c o r d i n g l y ,   both  the  c o n t e n t   o f  

whi te   p igment   and  the  s t r e t c h i n g   r a t i o   of  the  s u p p o r t   f i l m  

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

the  i n v e n t i o n   w i l l   p r e f e r a b l y   be  50-300pm  and  more  p r e f e r a b l y  

75-250pm  and  the  t r a n s m i s s i o n   f a c t o r   for   whole  v i s i b l e   l i g h t  

is  20%  or  l e s s   and  p r e f e r a b l y   10%  of  l e s s .  

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

a p p l i e d   onto  at  l e a s t   one  s ide   of  the  s u p p o r t   f i lm  made  in  t h e  

above  manners   and  opaqued  and  w h i t e n e d .   In  t h i s   c a se ,   b e f o r e  

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

s u r f a c e   a c t i v e   t r e a t m e n t   such  as  corona   d i s c h a r g i n g   a n d / o r  

c o a t i n g   of  s u b b i n g  l a y e r   may  be  g iven   to  the  s u p p o r t   a t  

n e e d .  

R e f l e c 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   of  the  i n v e n t i o n   may  b e  

a p p l i e d   to  any  r e f l e c t i v e   m a t e r i a l s   wi th   a  c e r t a i n   r e f l e c t i v e  

s u p p o r t ,   r e g a r d l e s s   of  b l a c k   and  whi te   or  c o l o r ,   and  may  b e  

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



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

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

p r o t e c t i v e   l a y e r s ,   f i l t e r   l a y e r s ,   and  b a c k c o a t   l a y e r s .  

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

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

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

b romide ,   s i l v e r   c h l o r o b r o m i d e ,   s i l v e r   i o d o b r o m i d e ,   a n d / o r  

s i l v e r   c h l o r o i o d o b r o m i d e ,   for   example .   Such  a  l a y e r   i s  

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

a  h y d r o p h i l i c   polymer   o t h e r   than  g e l a t i n   such  as  p o l y v i n y l  

a l c o h o l   and  p o l y v i n y l p y r r o l i d o n e   as  a  b i n d e r .   In  a d d i t i o n ,  

sa id   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   can  be  a l so   s e n s i t i z e d   by  a 

c y a n i n e   or  m e r o c y a n i n e   dye  at  the  p h o t o - s e n s i t i v e   w a v e l e n g t h  

r a n g e ,   and  can  p r e f e r a b l y   be  i n c o r p o r a t e d   i n t o   wi th   v a r i o u s  

o t h e r   p h o t o g r a p h i c   a d d i t i v e s   i n c l u d i n g   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   c o n t a i n i n g   gold  or  s u l f u r ;   h a r d e n e r s ,   a n d  

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

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

whi te   d e v e l o p m e n t ,   and  c o u p l e r - c o n t a i n i n g   or  u n c o n t a i n i n g  

c o l o r   d e v e l o p m e n t .  

As  d e s c r i b e d   above ,   the  r e f l e c t i v e   p h o t o g r a p h i c   m a t e r i a l  

of  the  i n v e n t i o n   is  very  s u i t a b l e   for   e i t h e r   showing  o r  

r e c o r d i n g   use  due  to  e x c e l l e n c e   in  r e s o l v i n g   power  as  wel l   a s  

p r e s e r v a b i l i t y   for   p h o t o g r a p h i c   image,   w h i t e n e s s ,   o p a c i t y   a n d  

g l o s s i n e s s   of  the  r e s u l t i n g   p h o t o g r a p h i c   image,  b e c a u s e   of  no  



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

edge  of  the  s u p p o r t .  

EXAMPLES 

F u r t h e r   d e s c r i p t i o n   of  the  i n v e n t i o n   is  g iven   based  on  a n  

example  as  f o l l o w s ,   but  the  mode  of  embodiment   of  t h e  

i n v e n t i o n   is  not  l i m i t e d   to  the  e x a m p l e .  

Example  1 

A  c o m p o s i t i o n   of  100  p a r t s   by  we igh t   of  PET  r e s i n   wi th   a n  

i n t r i n s i c   v i s c o s i t y   of  0.74  ( p h e n o l / t e t r a c h l o r o e t h a n e   [ 6 0 / 4 0  

w t / w t ] ,   20°C),   and  25  p a r t s   by  we igh t   of  a n a t a s e - f o r m   t i t a n i u m  

oxide   wi th   an  a v e r a g e   p a r t i c l e   s i z e   of  0.24pm  and  maximum 

p a r t i c l e   s i z e   of  0.72µm  w h i c h ' h a d   p r e l i m i n a r i l y   s u r f a c e - t r e a t e d  

wi th   a lumina   and  s i l i c a ,   was  m e l t e d ,   and  e x t r u d e d   from  a  s l i t  

die  onto  a  r o t a t i n g   q u e n c h i n g   drum  to  make  an  amorphous  s h e e t  

1.6mm  t h i c k .   The  o b t a i n e d   s h e e t   was  s t r e c h e d   l e n g t h w i s e  

t h r o u g h   s t r e t c h i n g   at  90 C,  and  then  t r e b l e d   w i d t h w i s e   a t  

110°C,  and  h e a t - s e t   at  220°C  to  make  a  f i lm  for   the  s u p p o r t   o f  

the  i n v e n t i o n .   The  t h i c k n e s s   of  the  o b t a i n e d   f i lm  was  180pm. 

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

v i s i b l e   l i g h t   was  measured   wi th   a  d i g i t a l   t u r b i d i m e t e r   (Model  

T-2600DA:  Tokyo  Denshoku  Co.,   L t d . ) .   The  r e s u l t s   are  shown  i n  

Table  1 .  

The  above  s u p p o r t   f i lm  was  s u b c o a t e d   on  i t s   one  s i d e ,   a n d  

was  a p p l i e d   on  the  same  s ide   wi th   a  common  g e l a t i n - s i l v e r  



h a l i d e   p h o t o g r a p h i c   e m u l s i o n   used  commonly  for   c o l o r  

p h o t o g r a p h i c   paper   so  as  to  form  an  e m u l s i o n   l a y e r   15pm  t h i c k  

a f t e r   d r y i n g .   The  sample  No.1  among  thus   o b t a i n e d   samples   o f  

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

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

r e s o l v i n g   power,   and  was  s u b j e c t e d   to  a  u s u a l   c o l o r   d e v e l o p i n g  

t r e a t m e n t ,   and  then  the  d i f f e r e n c e   in  the  o p t i c a l   d e n s i t y   on  

the  d e n s e - l i n e   p r i n t e d   image  was  d e t e r m i n e d   with  a 

m i c r o d e n s i t o m e t e r   (Model  PDM-5;  K o n i s h i r o k u   Photo  I n d u s t r y  

Co.,  L t d . ) .   The  r e s o l v i n g   power  was  d e f i n e d   as  the  r a t i o   o f  

the  d i f f e r e n c e   be tween  the  maximal  and  minimal   d e n s i t i e s   on  

the  5  l i n e s / m m - p r i n t   image  to  the  d i f f e r e n c e   be tween  t h e  

maximal  and  min imal   d e n s i t i e s   on  the  0.1  l i n e / m m - p r i n t   i m a g e  

in  p e r c e n t a g e .  

The  s p e c t r a l   r e f l e c t a n c e   over   380  to  780  nm  of  a  w h i t e  

p o r t i o n   of  the  sample  a f t e r   d e v e l o p i n g   t r e a t m e n t ,   was  m e a s u r e d  

with  a  s p e c t r o p h o t o m e t e r   (Model  320;  H i t a c h i ,   L t d . ) ,   and  t h e n  

the  w h i t e n e s s   of  the  sample  was  c a l c u l a t e d   t h e r e - f r o m  

a c c o r d i n g   to  J I S - Z - 8 7 2 2 ( 1 9 8 2 ) .   The  r e f l a c t a n c e   at  2 0 ° / 2 0 °  

of  the  sample  was  o b t a i n e d   with  a  g l o s s m e t e r   a c c o r d i n g   to  J I S -  

Z-8741,   Method  4,  and  the  g l o s s i n e s s   in  p e r c e n t a g e   was  

d e t e r m i n e d .   The  r e s u l t s   are  shown  in  Table   1 .  

Sample  No.2  of  t h i s   example  of  the  r e f l e c t i v e  

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

same  manner  as  for   Sample  1,  e x c e p t   for   u s ing   r u t i l e - f o r m  



t i t a n i u m   oxide   s u r f a c e - t r e a t e d   with  a lumina   and  z inc   s t e a r a t e  

and  hav ing   an  a v e r a g e   p a r t i c l e   s i z e   of  0.26pm  and  maximum 

p a r t i c l e   s i z e   of  0.82pm  i n s t e a d   of  a n a t a s e - f o r m   t i t a n i u m   o x i d e  

s u r f a c e - t r e a t e d   with  a lumina   and  s i l i c a   in  wh i t e   p i g m e n t  

c o n t a i n e d   in  f i lm  s u p p o r t   for   p h o t o g r a p h i c   use  for   Sample  1 .  

Sample  No.3  of  t h i s   example  was  o b t a i n e d   in  the  same 

manner  as  for  Sample  1,  e x c e p t   for  u s i n g   25  p a r t s   by  we igh t   o f  

a n a t a s e - f o r m   s u r f a c e - u n t r e a t e d   t i t a n i u m   ox ide   ( I V ) ( a v e r a g e  

p a r t i c l e   s i z e   0.2pm)  i n s t e a d   of  s u r f a c e - t r e a t e d   t i t a n i u m   o x i d e  

for   Sample  1 .  

Sample  No.4  of  t h i s   example  was  f u r t h e r   o b t a i n e d   in  t h e  

same  manner  as  for   Sample  1,  e x c e p t   for   u s ing   mixed  w h i t e  

p igment   of  both  15  p a r t s   by  we igh t   of  a n a t a s e - f o r m   t i t a n i u m  

oxide   ( I V ) ( a v e r a g e   p a r t i c l e   s i z e   0.2pm)  s u r f a c e - t r e a t e d   w i t h  

a lumina   and  s i l i c a ,   and  10  p a r t s   by  we igh t   of  c a l c i u m  

c a r b o n a t e   ( a v e r a g e   p a r t i c l e   s i z e   0 .6pm) ,   i n s t e a d   of  t i t a n i u m  

oxide   for   Sample  1 .  

Each  of  Samples  No.2,   No.3  and  No.4  was  exposed   a n d  

d e v e l o p e d ,   and  i t s   c h a r a c t e r i s t i c s   were  d e t e r m i n e d   in  the  same 

manner  as  for   Sample  No.1.  The  r e s u l t s   are  shown  in  Table   1 .  



I t   p roves   from  Table   1  t h a t   the  r e f l e c t i v e   p h o t o g r a p h i c  

m a t e r i a l   of  the  i n v e n t i o n   is  c o n s i d e r a b l y   b e t t e r   in  r e s o l v i n g  

power  as  wel l   as  w h i t e n e s s   and  g l o s s i n e s s   of  the  r e s u l t i n g  

p h o t o g r a p h i c   image  compared  wi th   r e f e r e n c e   though  the  o p a c i t y  

is  e x c e l l e n t   in  both  i n v e n t i o n   and  r e f e r e n c e   s a m p l e s .   I n  

a d d i t i o n ,   no  ag ing   changes   of  the  p h o t o g r a p h i c   image  p o s s i b l y  

due  to  the  p e r m e a t i o n   of  r e s i d u a l   p r o c e s s i n g   s o l u t i o n   from  t h e  

cut  edges  of  the  s u p p o r t   f i lm  were  o b s e r v e d   at  a l l .  

Example  2 

A  c o m p o s i t i o n   of  100  p a r t s   by  we igh t   of  PET  r e s i n   wi th   a n  

i n t r i n s i c   v i s c o s i t y   of  0.74  ( p h e n o l / t e t r a c h l o r o e t h a n e   [ 6 0 / 4 0  

w t / w t ] ,   20°C) ,   8  p a r t s   by  we igh t   of  bar ium  s u l f a t e   hav ing   a n  

a v e r a g e   p a r t i c l e   s i z e   of  0.6pm  and  17  p a r t s   by  we igh t   o f  

r u t i l e - f o r m   t i t a n i u m   ox ide   (IV)  s u r f a c e - t r e a t e d   wi th   a l u m i n a  

and  hav ing   an  a v e r a g e   p a r t i c l e   s i z e   of  0.2pm,  was  me l t ed   a n d  

kneaded   and  e x t r u d e d   from  a  s l i t   d ie   onto  a  r o t a t i n g   q u e n c h i n g  



drum  to  make  an  amorphous  s h e e t   1.1mm  t h i c k .  

The  amorphous  s h e e t   thus   o b t a i n e d   was  t r e b l e d  

l o n g i t u d i n a l l y   at  90°C  and  then  was  s t r e c h e d   l a t e r a l l y   at  110°C 

and  f u r t h e r   was  h e a t - s e t   at  220°C  to  make  a  f i lm  for   t h e  

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

The  t h i c k n e s s   of  the  s u p p o r t   f i lm  for   p h o t o g r a p h i c   u s e  

thus   o b t a i n e d   was  125Pm.  In  o r d e r   to  e v a l u a t e   the  o p a c i t y   o f  

the  sample ,   a  d i g i t a l   t u r b i d i m e t e r   Model  T-2600DA  (Tokyo  

Denshoku  Co.,  L t d . )   was  used  for   the  measu remen t   of  t h e  

t r a n s m i s s i o n   f a c t o r   for   whole  v i s i b l e   l i g h t .   The  r e s u l t s   a r e  

shown  in  Table   2 .  

A f o r e s a i d   s u p p o r t   f i lm  for   p h o t o g r a p h i c   use ,   a f t e r   t h e  

corona   d i s c h a g i n g   t r e a t m e n t   t h e r e f o r ,   was  s u b c o a t e d   and  t h e n  

was  c o a t e d   on  the  same  s ide   of  s u b c o a t i n g   wi th   a  g e l a t i n s i l v e r  

h a l i d e   p h o t o g r a p h i c   e m u l s i o n   used  commonly  for   c o l o r  

p h o t o g r a p h i c   paper   so  as  to  form  an  e m u l s i o n   l a y e r   15µm  t h i c k  

a f t e r   d r y i n g .   Sample  No.5  of  r e f l e c t i v e   p h o t o g r a p h i c   m a t e r i a l  

was  thus   p r e p a r e d .  

Sample  No.5  of  r e f l e c t i v e   p h o t o g r a p h i c   m a t e r i a l   o b t a i n e d  

in  the  way  d e s c r i b e d   above  was  e v a l u a t e d   in  the  same  manner  a s  

for   Example  1.  The  r e s u l t s   are  shown  in  Table   2 .  





1.  A  p h o t o g r a p h i c   m a t e r i a l   c h a r a c t e r i z e d   by  t h a t  

p h o t o s e n s i t i v e   emuls ion   l a y e r s   are  a p p l i e d   on  at  l e a s t   one  s i d e  

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

of  p o l y e s t e r   r e s i n   t h a t   c o n t a i n s   whi te   p igment   c o n t a i n i n g   90% 

by  weight   or  more  of  s u r f a c e - t r e a t e d   t i t a n i u m   oxide   having  a n  

a v e r a g e   p a r t i c l e   s i z e   of  0.1µm  to  0.5µm  and  h a v i n g  

s u b s t a n t i a l l y   no  p a r t i c l e s   whose  s i ze   is  50µm  or  m o r e .  

2.  The  p h o t o g r a p h i c   m a t e r i a l   a c c o r d i n g   to  c l a im  1,  where in   t h e  

t h i c k n e s s   of  sa id   s u p p o r t   f i lm  of  t h e r m o p l a s t i c   r e s i n   i s  

50µm ~  300µm  and  the  t r a n s m i s s i o n   f a c t o r   for  whole  v i s i b l e   l i g n t  

is  20%  or  l e s s .  

3.  The  p h o t o g r a p h i c   m a t e r i a l   a c c o r d i n g   to  c la im  2,  w h e r e i n  

s a i d   p o l y e s t e r   r e s i n   is  p o l y e t h y l e n e   t e r e p h t h a l a t e .  

4.  The  p h o t o g r a p h i c   m a t e r i a l   a c c o r d i n g   to  c l a im  3,  whe re in   t h e  

i n t r i n s i c   v i s c o s i t y   of  s a id   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   at  a  

t e m p e r a t u r e   of  20°C  of  p h e n o l / t e t r a c h l o r o e t h a n e   (60/40  r a t i o   by 

we igh t )   is  0 . 4  -   1 . 0 .  

5.  The  p h o t o g r a p h i c   m a t e r i a l   a c c o r d i n g   to  c l a im  2,  w h e r e i n  

s a i d   s u r f a c e - t r e a t e d   t i t a n i u m   oxide  is  t i t a n i u m   o x i d e  

s u r f a c e - t r e a t e d   with  at  l e a s t   one  s e l e c t e d   from  the  group  of  a n  



oxygen  bond-  or  n y d r o x y l   group  b o n d - c a r r y i n g   aluminum  compound 

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

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

6.  The  p h o t o g r a p h i c   m a t e r i a l   a c c o r d i n g   to  c la im  5,  w h e r e i n  

s a i d   s u r f a c e - t r e a t e d   t i t a n i u m   oxide   is  f u r t h e r   s u r f a c e - t r e a t e d  

wi th   at  l e a s t   one  of  t hose   s e l e c t e d   from  m e t a l l i c   s o a p ,  

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

7.  The  p h o t o g r a p h i c   m a t e r i a l   a c c o r d i n g   to  c la im  2,  w h e r e i n  

t i t a n i u m   oxide   is  r u t i l e - f o r m   a n d / o r   a n a t a s e - f o r m   t i t a n i u m  

oxide   ( I V ) .  

8.  The  p n o t o g r a p h i c   m a t e r i a l   a c c o r d i n g   to  c l a im  2,  whe re in   t h e  

c o n t e n t   of  whi te   p igment   is  10  -   15  p a r t s   by  we igh t   a g a i n s t   100 

p a r t s   by  we igh t   of  t h e r m o p l a s t i c   r e s i n .  

9.  The  p h o t o g r a p h i c   m a t e r i a l   a c c o r d i n g   to  c l a im  2,  w h e r e i n  

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

10.  The  p h o t o g r a p h i c   m a t e r i a l   a c c o r d i n g   to  c l a im  2,  where in   a 

whi te   p igment   c o n s i s t s   of  s u r f a c e - t r e a t e d   t i t a n i u m   o x i d e .  
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