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Radiation  image  conversion  panel. 

A  radiation  image  conversion  panel  comprising  a  support 
and  at  least  one  phosphor  layer  comprising  a  binder  and  a 
phosphor  dispersed  therein.  Examples  of  the  conversion  panel 
include  a  radiographic  intensifying  screen  and  a  radiation  im- 
age  storage  panel.  The  sharpness  of  image  provided  by  the 
conversion  panel  and  the  adhesion  between  the  phosphor  lay- 
er  and  the  support  are  both  remarkably  improved  by  providing 
onto  the  surface  of  the  support  a  great  number  of  pits  having  a 
mean  depth  of  at  least  1 µm,  a  maximum  depth  of  more  than  1 
to  100  µm,  and  a  mean  diameter  at  the  opening  of  at  least  1 µm. 



T h i s   i n v e n t i o n  r e l a t e s   to  a  r a d i a t i o n   image   c o n -  

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

or  a  r a d i a t i o n   image   s t o r a g e   p a n e l ,   and  a  p r o c e s s   f o r   t h e  

p r e p a r a t i o n   of   t he   same.   More  p a r t i c u l a r l y ,   t h i s   i n v e n -  

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

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

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

p r o c e s s   f o r   t he   p r e p a r a t i o n   of   t he   s a m e .  

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

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

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

the   f i l m   in  a  v a r i e t y   of  r a d i o g r a p h y s   s u c h   as  m e d i c a l  

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

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

and  a  p h o s p h o r   l a y e r   p r o v i d e d   t h e r e o n t o .   F u r t h e r ,   a  

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

s u r f a c e   of  the   p h o s p h o r   l a y e r   to  keep   the   p h o s p h o r  

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

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

p h o r   d i s p e r s e d   t h e r e i n .   The  p h o s p h o r   i s   in  t he   form  o f  

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

e x c i t e d   by  r a d i a t i o n   s u c h   as  X - r a y s .   The  l i g h t   of  h i g h  

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

the   dose   of   r a d i a t i o n   e n e r g y   t r a n s m i t t e d   t h r o u g h   a n  

o b j e c t .   The  X - r a y   f i l m   p o s i t i o n e d   in  c l o s e   c o n t a c t  

w i t h   t he   i n t e n s i f y i n g   s c r e e n   i s   e x p o s e d   to  t h e  



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

p o s e d   d i r e c t l y   to  t he   r a d i a t i o n   e n e r g y   t r a n s m i t t e d   t h r o u g h  
the   o b j e c t .   A c c o r d i n g l y ,   t he   X - r a y   f i l m   r e c e i v e s   r a d i a -  

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

o b j e c t   at   a  r e l a t i v e l y   s m a l l   d o s e .  

In  v i e w   of   t he   a b o v e - d e s c r i b e d   c h a r a c t e r i s t i c s   o f  

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

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

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

as  s h a r p n e s s   and  g r a i n i n e s s .   For   t h e   r e a s o n ,   v a r i o u s  

. p r o p o s a l s   have   b e e n   p r e v i o u s l y   g i v e n   f o r   t he   i m p r o v e -  

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

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

For   i n s t a n c e ,   U n i t e d   S t a t e s   P a t e n t   No.  4 , 2 0 7 , 1 2 5  

d e s c r i b e s   an  X - r a y   i n t e n s i f y i n g   s c r e e n   i n c l u d i n g   a n  

a n t i - r e f l e c t i n g   s u r f a c e   a t   t h e   b a c k   s i d e   of  t he   l u m i -  

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

l e a f l e t s   e x t e n d   f rom  t he   s u r f a c e ,   in   w h i c h   t h e   l a y e r  

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

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

U n i t e d   S t a t e s   P a t e n t   No.  4 , 2 3 6 , 0 6 1   d e s c r i b e s   a n  

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

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

a l u m i n u m   s u r f a c e   on  a  s u p p o r t   l a y e r   to   a  s t e a m   t r e a t -  

m e n t   to  c o n v e r t   t he   a l u m i n u m   s u r f a c e   to  a  m i c r o s t r u c -  

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

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

e x t e n d i n g   f rom  t h e   s u r f a c e .  

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

be  so  m e c h a n i c a l l y   s t r o n g   e n o u g h   to   k e e p   i t s e l f   f r o m  

s e p a r a t i o n   b e t w e e n   t h e   s u p p o r t   and  t h e   p h o s p h o r   l a y e r  

when  r e c e i v e s   m e c h a n i c a l   s h o c k s   s u c h   as  b e n d i n g   in  t h e  

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

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

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



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

For   t h i s   r e a s o n ,   t h e   s c r e e n   o u g h t   to  be  r e s i s t a n t  

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

i n g   an  X - r a y   f i l m   or  o t h e r   p r o c e d u r e s   so  t h a t   i t   i s  

f r e e   f rom  s e p a r a t i o n   b e t w e e n   t h e   s u p p o r t   and  t h e   p h o s -  

p h o r   l a y e r .  

A c c o r d i n g l y ,   a  p r i m a r y   o b j e c t   of  t he   p r e s e n t   i n v e n -  

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

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

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

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

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

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

b e t w e e n   t h e   s u p p o r t   and  t h e   p h o s p h o r   l a y e r ,   and  a  p r o c -  

e s s   f o r   t he   p r e p a r a t i o n   of  t he   s a m e .  

T h e r e   i s   p r o v i d e d   by  t h e   i n v e n t i o n   a  r a d i o g r a p h i c  

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

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

d i s p e r s e d   t h e r e i n ,   in  w h i c h   t h e   s u p p o r t   i s   p r o v i d e d  

on  t h e   s u r f a c e   f a c i n g   t h e   p h o s p h o r   l a y e r   w i t h   a  g r e a t  
n u m b e r   of  p i t s   h a v i n g   a  mean  d e p t h   of   a t   l e a s t   1  µm, 

a  maximum  d e p t h   of   more   t h a n   1  µm  to  100  µm,  and  a  m e a n  

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

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

h a r d   s o l i d   p a r t i c l e s   o n t o   t he   s u r f a c e   of  t h e   s u p p o r t  
a t   h i g h   s p e e d   to  form  t he   p i t s .  

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

more  in  d e t a i l .  

A c c o r d i n g   to  t h e   i n v e n t i o n ,   a  r a d i o g r a p h i c   i n t e n -  
s i f y i n g   s c r e e n   p r o d u c i n g   on  a  r a d i o g r a p h i c   f i l m   a n  
i m a g e   p r o m i n e n t l y   i m p r o v e d   in   t h e   s h a r p n e s s ,   as  w e l l  
as  b e i n g   h i g h l y   i m p r o v e d   in   t h e   a d h e s i o n   b e t w e e n   t h e  
s u p p o r t   and  t h e   p h o s p h o r   l a y e r ,   i s   o b t a i n e d   by  p r o v i d -  
i n g  a   g r e a t   n u m b e r   of   p i t s   h a v i n g   t h e   s p e c i f i c a l l y  
d e t e r m i n e d   s i z e   o n t o   t h e   s u r f a c e   of   t he   s u p p o r t   on  t h e  



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

When  r a d i a t i o n   s u c h   as  X - r a y s   h a v i n g   p a s s e d   t h r o u g h  

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

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

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

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

of  a  w a v e l e n g t h   in   t h e   v i s i b l e   or   n e a r   u l t r a - v i o l e t   r e g i o n  
w h i c h   i s   d i f f e r e n t   f rom  t h e   w a v e l e n g t h   of   t h e   i n t r o -  

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

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

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

w i t h   t h e   s c r e e n   so  as  to  c o n t r i b u t e   t h e   f o r m a t i o n   o f  

a  p h o t o g r a p h i c   i m a g e   on  t h e   f i l m .   A n o t h e r   p a r t   of   t h e  

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

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

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

t r i b u t i n g   t h e   f o r m a t i o n   of  t h e   p h o t o g r a p h i c   i m a g e .   I n  

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

c o m p r i s i n g . a  s i m p l y   p l a n e   i n t e r f a c e   h a v i n g   no  p r o t r u -  

s i o n s   and  d e p r e s s i o n s   b e t w e e n   t he   p h o s p h o r   l a y e r   a n d  

t he   s u p p o r t ,   t h e   r e f l e c t i o n   of  l i g h t   i s   done   as  t h e  

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

e n t e r s   i n t o   t h e   f i l m   a t   an  a n g l e   h i g h e r   t h a n   t h e   a n g l e  

of  t h e   l i g h t   d i r e c t l y   e n t e r i n g   i n t o   t h e   f i l m .   A c c o r d -  

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

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

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

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

d e t e r i o r a t i o n   of   image   f o r m e d  .   on  t h e   r a d i o g r a p h i c  
f i l m   can   be  e f f e c t i v e l y   p r e v e n t e d   by  p r o v i d i n g   a  g r e a t  

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

t h a t   i s ,   a  mean  d e p t h   of  a t   l e a s t   1  µm,  a  maximum  d e p t h  

of   more   t h a n   1  µm  to  100  µm,  and  a  mean  d i a m e t e r   a t   t h e  

o p e n i n g   of   a t   l e a s t   1  µm,  o n t o   a  s u r f a c e   of   t he   s u p p o r t  

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

b e t w e e n .  



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

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

a d h e s i o n   b e t w e e n   t h e   s u p p o r t   arid  t he   p h o s p h o r   l a y e r ,   s o  

t h a t   s u b s t a n t i a l l y   no  s e p a r a t i o n   t a k e s   p l a c e   in   a  n o r m a l  

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

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

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

b e l o w .  

The  s u p p o r t   f o r   c o n s t i t u t i n g   t h e   i n t e n s i f y i n g   s c r e e n  

of  t h e   i n v e n t i o n   can  be  p r e p a r e d   by  t h e   use   of  m a t e r i a l  

s e l e c t e d   f rom  t h o s e   known  or   e m p l o y e d   in  t h e   p r e p a r a t i o n  

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

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

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

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

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

d i o x i d e   or  t h e   l i k e ;   and  p a p e r s   s i z e d   w i t h   p o l y v i n y l  

a l c o h o l   o r  t h e   l i k e .   In  o t h e r   w o r d s ,   t h e r e   i s   no  s p e -  
c i f i c   l i m i t a t i o n   on  t h e   m a t e r i a l   of   t h e   s u p p o r t ,   a s  

f a r   as  t he   m a t e r i a l   can  a c c e p t   on  t he   s u r f a c e   t h e   f o r -  

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

i n b e f o r e .   In  v i e w   of  e a s i n e s s   in   f o r m a t i o n   of  t h e s e  

p i t s   on  t h e   s u r f a c e ,   as  w e l l   as  c h a r a c t e r i s t i c s   of   a  

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

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

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

m a t e r i a l   s u c h   as  c a r b o n   b l a c k ,   or   may  c o n t a i n   a  l i g h t -  

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

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

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

s h a r p n e s s )   t y p e ,   w h i l e   t he   l a t t e r   i s   a p p r o p r i a t e   f o r  

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

to  t h e   h i g h   s p e e d   t y p e .  

In  t he   p r e p a r a t i o n   of  a  c o n v e n t i o n a l   r a d i o g r a p h i c  



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

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

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

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

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

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

a  l i g h t - r e f l e c t i n g   l a y e r   or   a  l i g h t - a b s o r b i n g   l a y e r   may  

be  p r o v i d e d   by  i n t r o d u c i n g   a  p o l y m e r   m a t e r i a l   l a y e r   c o n -  

t a i n i n g   a  l i g h t - r e f l e c t i n g   m a t e r i a l   s u c h   as  t i t a n i u m  

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

b l a c k ,   r e s p e c t i v e l y .   O t h e r w i s e ,   a  m e t a l   f o i l   may  b e  

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

p h o s p h o r   l a y e r   so  as  to  r e m o v e   s c a t t e r e d   r a d i a t i o n   i n  

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

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

c h o s e n   f rom  l e a d   f o i l ,   l e a d   a l l o y   f o i l ,   t i n   f o i l ,   a n d  

t he   l i k e .   A n y  o n e   or   more  of   t h e s e   a d d i t i o n a l   l a y e r s  

may  be  p r o v i d e d   to  t h e   r a d i o g r a p h i c   i n t e n s i f y i n g   s c r e e n  

of   t h e   i n v e n t i o n .  

A  g r e a t   n u m b e r   of  t he   p i t s   s p e c i f i e d   h e r e i n   c a n  

be  p r o v i d e d   o n t o   t h e   s u r f a c e   of  s u p p o r t   in  an  o p t i o n -  

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

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

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

s u p p o r t   as  s u c h .   O t h e r w i s e ,   a  s u r f a c e   of  an  a d d i t i o n a l  

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

l i g h t - a b s o r b i n g   l a y e r ,   or   m e t a l   l a y e r ,   can   be  s u b -  

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

c l e s .   The  m a t e r i a l s   of   t h e   h a r d   s o l i d   p a r t i c l e s   e m -  

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

known  in   t h e   a r t .   For   i n s t a n c e ,   m e t a l   p a r t i c l e s ,   m e t a l  

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

can  be  e m p l o y e d .   The  s i z e   of  t h e   h a r d   s o l i d   p a r t i c l e s  



and  t h e   c o n d i t i o n s   f o r   c a r r y i n g   o u t   t he   a b o v e - m e n t i o n e d  

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

a c c o r d i n g   to  t h o s e   known  in   t h e   a r t .  

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

s c r e e n   of   t he   i n v e n t i o n   in   c o n t a c t   w i t h   a  r a d i o g r a p h i c  

f i l m ,   a  p a r t   of   t h e   l i g h t   t h a t   i s   e m i t t e d   by  t h e   p h o s -  

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

o b j e c t   and  t h e n   a d v a n c e s   t o w a r d   t h e   s u r f a c e   of   t h e   s u p p o r t  

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

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

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

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

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

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

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

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

M o r e o v e r ,   as  d e s c r i b e d   h e r e i n b e f o r e ,   t h e   p r o v i s i o n  

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

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

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

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

r a n g e s   d e f i n e d   as  h e r e i n b e f o r e   f o r   t he   p r e s e n t   i n v e n -  

t i o n ,   t he   p r o m i n e n t   i m p r o v e m e n t   b o t h   in  t h e   s h a r p n e s s  

of   a  f o r m e d   image   and  a d h e s i o n   b e t w e e n   t h e   p h o s p h o r  

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

I f   t he   p i t s   a r e   s m a l l e r   t h a n   t h o s e   d e f i n e d   h e r e -  

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

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

s t a n t i a l   i m p r o v e m e n t   in   t h e   s h a r p n e s s   of  image   can  b e  

a t t a i n e d .   A l s o   u n a t t a i n a b l e   i s   s u b s t a n t i a l   e n h a n c e m e n t  

of   t h e   a d h e s i o n   b e t w e e n   t h e   p h o s p h o r   l a y e r   and  t h e  

s u p p o r t .  

I f   t h e   p i t s   a r e   l a r g e r   t h a n   t h o s e   d e f i n e d   h e r e i n -  



b e f o r e ,   t he   p h o s p h o r   l a y e r   w i t h   p l a n e   s u r r a c e   and  e v e n  

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

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

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

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

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

1  -   10  µm,  i n c l u s i v e ,   more  p r e f e r a b l y   1  -   5  µm,  i n c l u -  

s i v e ;   a  maximum  d e p t h   of  more  t h a n   1  µm  to   50  µm,  m o r e  

p r e f e r a b l y   2  -   20  µm,  i n c l u s i v e ;   and  a  mean  d i a m e t e r  

a t   t h e   o p e n i n g   of  1  -   100  µm.  i n c l u s i v e ,   more   p r e f e r a b l y  

1 0  -   50  µm,  i n c l u s i v e .   The  r a d i o g r a p h i c   i n t e n s i f y i n g  

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

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

p r o v e d   in   t he   s h a r p n e s s   and  t h e   a d h e s i o n   b e t w e e n   t h e  

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

Onto  t h e   s u r f a c e   of  t h e   s u p p o r t   p r o v i d e d   w i t h   a  

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

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

p h o r   in   t h e   fo rm  of   p a r t i c l e s   d i s p e r s e d   t h e r e i n .   T h e r e  

a r e   known  a  v a r i e t y   of  p h o s p h o r s   e m p l o y a b l e   f o r   a  r a d i o -  

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

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

t u n g s t a t e   t y p e   p h o s p h o r s   s u c h   as  CaWO4,  MgWO4,  a n d  

C a W O 4 : P b :  
t e r b i u m   a c t i v a t e d   r a r e   e a r t h   m e t a l   o x y s u l f i d e   t y p e  

p h o s p h o r s   s u c h   as  Y 2 0 2 S : T b ,   G d 2 0 2 S : T b ,   L a 2 0 2 S : T b ,  

( Y , G d ) 2 O 2 S : T b ,  a n d   ( Y , G d ) 2 O 2 S : T b , T m ;  

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

p h o r s   such   as  Y P O 4 : T b ,   G d P O 4 : T b ,   and  L a P O 4 : T b ;  
t e r b i u m   a c t i v a t e d   r a r e   e a r t h   o x y h a l i d e   t y p e   p h o s -  

p h o r s   s u c h   as  L a O B r : T b ,   L a O B r : T b , T m ,   L a O C l : T b ,   L a O C l : T b  ,  T m ,  

G d O B r : T b ,   and  G d O C l : T b ;  

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

p h o r s   s u c h   as  LaOBr:Tm  and  L a O C l : T m ;  

b a r i u m   s u l f a t e   t y p e   p h o s p h o r s   s u c h   as  B a S O 4 : P b ,  
B a S O 4 : E u 2 + ,   and  ( B a , S r ) S O 4 : E u 2 + ;  



d i v a l e n t   e u r o p i u m   a c t i v a t e d   a l k a l i n e   e a r t h   m e t a l  

p h o s p h a t e   t y p e   p h o s p h o r s   s u c h   as  B a 2 ( P O 4 ) 2 : E u 2 + ,   a n d  

( B a , S r ) 2 ( P O 4 ) 2 : E u 2 + ;   - 

d i v a l e n t   e u r o p i u m   a c t i v a t e d   a l k a l i n e   e a r t h   m e t a l  

f l u o r o h a l i d e   t y p e   p h o s p h o r s   s u c h   as  B a F C k : E u 2 + ,  

B a F B r : E u 2 + ,   B a F C l : E u 2 + , T b ,   B a F B r : E u 2 + , T b ,   B a F 2 · B a C l 2 · K C Q : E u 2 + ,  

B a F 2 · B a C l L 2 · x B a S O 4 · K C Q : E u 2 + ,   and  ( B a , M g ) F 2 . B a C l 2 . K C l : E U  ;  

i o d i d e   t y p e   p h o s p h o r s   s u c h   as  C s I : N a ,   C s I : T l ,  

N a I : T l ,   and  K I : T l ;  

s u l f i d e   t y p e   p h o s p h o r s   s u c h   as  Z n S : A g ,   ( Z n , C d ) S : A g ,  

( Z n , C d ) S : C u ,   and  ( Z n , C d ) S : C u , A l , ;   a n d  

.  h a f n i u m   p h o s p h a t e   t y p e   p h o s p h o r s   s u c h   as  H f P 2 0 7 : C u .  
The  a b o v e - d e s c r i b e d   p h o s p h o r s   a r e   g i v e n   by  no  m e a n s  

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

t i o n .   Any  o t h e r   p h o s p h o r   can   be  o p t i o n a l l y   e m p l o y e d ,  

p r o v i d e d   t h a t   t h e   p h o s p h o r   e m i t s   l i g h t   in  t h e   v i s i b l e  

or  n e a r   u l t r a - v i o l e t   r e g i o n   upon   e x p o s e d   to  r a d i a t i o n .  

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

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

g e l a t i n ) ,   p o l y s a c c h a r i d e s   ( e . g .   d e x t r a n )   and  gum  a r a b i c ;  

and  s y n t h e t i c   p o l y m e r s   s u c h   as  p o l y v i n y l   b u t y r a l ,   p o l y -  

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

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

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

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

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

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

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

The  p h o s p h o r   l a y e r   can  be  f o r m e d   on  t he   s u p p o r t  
in  t he   f o l l o w i n g   p r o c e d u r e .  

The  p h o s p h o r   p a r t i c l e s   and  b i n d e r   a r e   m i x e d   i n  

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

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

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

t i o n .   E x a m p l e s   of  t he   s o l v e n t   e m p l o y a b l e   in  t he   p r e -  

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



a l c o h o l s   s u c h   as  m e t h a n o l ,   e t h a n o l ,   n - p r o p a n o l ,   and  n -  

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

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

m e t h y l   e t h y l   k e t o n e   and  m e t h y l   i s o b u t y l   k e t o n e ;   e s t e r s  

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

m e t h y l   a c e t a t e ,   e t h y l   a c e t a t e ,   and  b u t y l   a c e t a t e ;   e t h e r s  

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

e t h y l e n e   g l y c o l   m o n o m e t h y l e t h e r ;   and  m i x t u r e s   of   t h e  

a b o v e - m e n t i o n e d   c o m p o u n d s .  

The  r a t i o   b e t w e e n   t h e   b i n d e r   and  t h e   p h o s p h o r   i n  

t he   c o a t i n g   d i s p e r s i o n   may  be  d e t e r m i n e d   a c c o r d i n g   t o  

t h e   a imed   c h a r a c t e r i s t i c s O f   t h e   r a d i o g r a p h i c   i n t e n -  

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

G e n e r a l l y ,   t h e   r a t i o   t h e r e b e t w e e n   i s   in  t h e   r a n g e   o f  

f rom  1  :   1  to  1  :   100  ( b i n d e r  :   p h o s p h o r ,   by  w e i g h t ) ,  

p r e f e r a b l y   1  :   8  to  1  :   4 0 ,  

The  c o a t i n g   d i s p e r s i o n   may  c o n t a i n   a  d i s p e r s i n g  

a g e n t   f o r   a s s i s t i n g   d i s p e r s i o n   of  t he   p h o s p h o r   p a r t i -  

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

a d h e s i o n   b e t w e e n   t he   b i n d e r   and  t h e   p h o s p h o r   p a r t i c l e s  

in  t he   p h o s p h o r   l a y e r ,   a n d / o r   o t h e r   a d d i t i v e s .   E x a m -  

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

s t e a r i c   a c i d ,   c a p r i c   a c i d ,   and  h y d r o p h o b i c   s u r f a c e  

a c t i v e   a g e n t s .   E x a m p l e s   of  t he   p l a s t i c i z e r   i n c l u d e  

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

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

e t h y l   p h t h a l a t e   and  d i m e t h o x y e t h y l   p h t h a l a t e ;   g l y c o l -  

a t e s   s u c h   as  e t h y l p h t h a l y l   e t h y l   g l y c o l a t e   and  b u t y l -  

p h t h a l y l   b u t y l   g l y c o l a t e ;   and  p o l y e s t e r s   of   p o l y e t h y l -  

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

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

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

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

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

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

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



The  c o a t i n g   p r o c e d u r e   can   be  c a r r i e d   o u t   Dy  a  c o n v e n -  

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

c o a t e r ,   or  k n i f e   c o a t e r .   - 

The  so  c o a t e d   l a y e r   i s   t h e n   h e a t e d   s l o w l y   to  d r y -  

n e s s ,   so  as  to  c o m p l e t e   t h e   f o r m a t i o n   of  t h e   p h o s p h o r  

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

l a y e r   v a r i e s   d e p e n d i n g   upon   t he   a imed   c h a r a c t e r i s t i c s  

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

t i c l e s ,   t h e   r a t i o   b e t w e e n   t h e  b i n d e r   and  t he   p h o s p h o r  

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

p h o r   l a y e r   i s   in   t h e   r a n g e   of   f rom  20  µm  to  1  mm.  T h e  

t h i c k n e s s   in   t h e   r a n g e   of   5 0  -   500  µm  i s   p r e f e r r e d .  

The  p h o s p h o r   l a y e r   can   be  p r o v i d e d   o n t o   t h e   s u p p o r t  
in  a  d i f f e r e n t   m a n n e r .   For   i n s t a n c e ,   t he   p h o s p h o r   l a y e r  

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

p l a t e ,   m e t a l   p l a t e ,   or  p l a s t i c   s h e e t ,   by  t h e   u s e   o f  

t he   a f o r e m e n t i o n e d   c o a t i n g   d i s p e r s i o n .   The  so  p r e -  

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

by  p r e s s i n g   t he   p h o s p h o r   l a y e r   t h e r e o n t o   or   l a m i n a t i n g  

t he   p h o s p h o r   l a y e r   on  t he   s u p p o r t   by  t he   use   of  an  a d -  

h e s i v e   a g e n t .  

As  m e n t i o n e d   h e r e i n b e f o r e ,   t h e   c o n v e n t i o n a l   r a d i o -  

g r a p h i c   i n t e n s i f y i n g   s c r e e n   g e n e r a l l y   has   t r a n s p a r e n t  
f i l m   on  t h e   s u r f a c e   of   t he   p h o s p h o r   l a y e r   to  p r o t e c t  
t h e   p h o s p h o r   l a y e r   f rom  p h y s i c a l   and  c h e m i c a l   d e t e r i o -  

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

s c r e e n   of  t h e   p r e s e n t   i n v e n t i o n   l i k e w i s e   has   s u c h   a  

t r a n s p a r e n t   f i l m   f o r   t h e   same  p u r p o s e .  
The  t r a n s p a r e n t   f i l m   can   be  p r o v i d e d   o n t o   t h e   p h o s -  

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

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

mer  s u c h   as  a  c e l l u l o s e   d e r i v a t i v e   ( e . g .   c e l l u l o s e  

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

( e . g .   p o l y m e t h y l   m e t h a c r y l a t e ,   p o l y v i n y l   b u t y r a l ,   p o l y -  

v i n y l   f o r m a l ,   p o l y c a r b o n a t e ,   p o l y v i n y l   a c e t a t e ,   or   v i n y l  

c h l o r i d e - v i n y l   a c e t a t e   c o p o l y m e r ) .   O t h e r w i s e ,   a  t r a n s -  



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

p o l y a m i d e   or   t h e   l i k e   can  be  p l a c e d   and  f i x e d   on  t h e  

s u p p o r t   by  t h e   use   of  an  a p p r o p r i a t e   a d h e s i v e   a g e n t   t o  

p r o v i d e   t he   p r o t e c t i v e   f i l m .   The  t r a n s p a r e n t   p r o t e c -  
t i v e   f i l m   p r e f e r a b l y   has   a  t h i c k n e s s   in   t h e   r a n g e   o f  

a p p r o x i m a t e l y   2  -   20  µm. 
The  p r e s e n t   i n v e n t i o n   i s   f u r t h e r   d e s c r i b e d   by  t h e  

f o l l o w i n g   e x a m p l e s ,   w h i c h   a r e   by  no  means   i n t e n d e d   t o  

r e s t r i c t   t he   i n v e n t i o n .  

E x a m p l e   1 

A  s u r f a c e   of   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   f i l m  

c o n t a i n i n g   t i t a n i u m   d i o x i d e   ( s u p p o r t ,   t h i c k n e s s   2 5 0  

µm)  was  s u b j e c t e d   to  s a n d   b l a s t i n g   e m p l o y i n g   s i l i c a  

s a n d   in   w h i c h   more  t h a n   a p p r o x i m a t e l y   50  %  by  w e i g h t  

of  t h e   s i l i c a   p a r t i c l e s   had   1 0 0  -   150  mesh  s i z e .   T h e  

s a n d   b l a s t i n g   was  c a r r i e d   o u t   u n d e r   c e n t r i f u g a l   f o r c e  

by  a p p l y i n g   to   t he   s u p p o r t   s u r f a c e   t h e  s i l i c a   p a r t i c l e s  

s u p p l i e d   f rom  a  drum  r o t a t i n g   a t   a  s p e e d   of  1900  r . p . m .  

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

so  p r e p a r e d   s u r f a c e   of  t h e   s u p p o r t   was  p r o v i d e d   w i t h  

a  g r e a t   number   of   p i t s   h a v i n g   a  mean  d i a m e t e r   of  2  µm,  

a  maximum  d e p t h   of  7  µm,  and  a  mean  d i a m e t e r   a t   t h e  

o p e n i n g   of   20  µm.  

I n d e p e n d e n t l y ,   to  a  m i x t u r e   of  a  p a r t i c u l a t e d  

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

( G d 2 0 2 S : T b )   and  a  l i n e a r   p o l y e s t e r   r e s i n   w e r e   s u c c e s -  

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

( n i t r o f i c a t i o n   d e g r e e   1 1 . 5   %)  to  p r e p a r e   a  p h o s p h o r  

d i s p e r s i o n .   To  t h e   p h o s p h o r   d i s p e r s i o n   we re   f u r t h e r  

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

k e t o n e .   The  m i x t u r e   was  s u f f i c i e n t l y   s t i r r e d   by  m e a n s  

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

ing   d i s p e r s i o n   h a v i n g   a  v i s c o s i t y   of   2 5  -   35  PS  ( a t  

25°C)  .   - 



The  c o a t i n g   d i s p e r s i o n   was  a p p l i e d   to  the   s a n d -  

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

g l a s s   p l a t e .   The  c o a t i n g   p r o c e d u r e   was  c a r r i e d   o u t   u s -  

i n g   a  d o c t o r   b l a d e .   The  s u p p o r t   c o a t e d   w i t h   t he   d i s p e r -  

s i o n ' t h e r e o n   was  t h e n   p l a c e d   in   an  o v e n   and  h e a t e d  

t h e r e i n   a t   a  t e m p e r a t u r e   s l o w l y   v a r y i n g   f rom  25  to  1 0 0 ° C .  

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

m a t e l y   180  µm  was  f o r m e d   on  t h e   s u p p o r t .  

On  t h e   p h o s p h o r   l a y e r   of   t h e   s u p p o r t   was  p l a c e d   a  

t r a n s p a r e n t   p o l y e t h y l e n e   t e r e p h t h a l a t e   f i l m   ( t h i c k n e s s :  

12  µm;  h a v i n g   a  p o l y e s t e r   a d h e s i v e   l a y e r )   to  c o m b i n e  

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

a d h e s i v e   l a y e r .  

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

i n g   of   a :   s u p p o r t ,   a   p h o s p h o r   l a y e r   and  a   t r a n s -  

p a r e n t   p r o t e c t i v e   f i l m   was  p r e p a r e d .  

C o m p a r i s o n   E x a m p l e   1 

The  p r o c e d u r e   of   E x a m p l e   1  was  r e p e a t e d   e x c e p t  

t h a t   no  s a n d   b l a s t i n g   was  a p p l i e d   to  t h e   p o l y e t h y l e n e  

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

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

of   a  s u p p o r t ,   a  p h o s p h o r   l a y e r   a n d   a  t r a n s p a r e n t  

p r o t e c t i v e   f i l m .  

C o m p a r i s o n   E x a m p l e   2 

The  p r o c e d u r e   of   E x a m p l e   1  was  r e p e a t e d   e x c e p t  
t h a t   t h e   s a n d   b l a s t i n g   to  t h e   s u r f a c e   of  t h e   s u p p o r t  

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

a p p r o x i m a t e l y   50 %  by  w e i g h t   of   t h e   s i l i c a   p a r t i c l e s  

had  a p p r o x i m a t e l y   300  mesh  s i z e .   The  so  p r o c e s s e d   s u r -  
f a c e   of   t he   s u p p o r t   was  p r o v i d e d   w i t h   a  g r e a t   n u m b e r  

of  p i t s   h a v i n g   a  mean  d i a m e t e r   of   0 .2   µm,  a  m a x i m u m  

d e p t h   of   0 . 8   µm,  and  a  mean  d i a m e t e r   a t   t h e   o p e n i n g   o f  

0 .5   µm. 
A  r a d i o g r a p h i c   i n t e n s i f y i n g   s c r e e n   c o n s i s t i n g   o f  

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

p r o t e c t i v e   f i l m   was  t h e n   p r e p a r e d   in   t h e   same  m a n n e r  



as  d e s c r i b e d   in   E x a m p l e   1 .  

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

t he   a b o v e - d e s c r i b e d   e x a m p l e s   we re   e v a l u a t e d   on  t h e  

s h a r p n e s s   of   image   and  t he   a d h e s i o n   s t r e n g t h   of   t h e  

p h o s p h o r   l a y e r   to  t h e   s u p p o r t .   The  e v a l u a t i o n   m e t h o d s  

a r e   g i v e n   b e l o w :  

(1)  S h a r p n e s s   of  i m a g e  

The  r a d i o g r a p h i c   i n t e n s i f y i n g   s c r e e n   was  c o m b i n e d  

w i t h   an  X - r a y   f i l m   in  a  c a s s e t t e ,   and  e x p o s e d   to  X - r a y s  

of  80  KVp  t h r o u g h   an  MTF  c h a r t .   The  f i l m   was  t h e n  

d e v e l o p e d   to  o b t a i n   a  v i s i b l e   i m a g e ,   and  t h e   MTF  v a l u e  

was  d e t e r m i n e d .   In  T a b l e   1,  t h e   MTF  v a l u e   i s   s e t   f o r t h  

as  as  v a l u e   (%)  a t   t h e   s p a c i a l   f r e q u e n c y   of  2  c y c l e /  

mm.  A  r e l a t i v e   r a d i o g r a p h i c   s p e e d   i s   a l s o   s e t   f o r t h   i n  

T a b l e   1 .  

(2)  A d h e s i o n   s t r e n g t h   of   p h o s p h o r   l a y e r   to  s u p p o r t  

The  r a d i o g r a p h i c   i n t e n s i f y i n g   s c r e e n   was  c u t   t o  

g i v e   a  t e s t   s t r i p   (1  cm  x  6  cm) ,   and  an  a d h e s i v e   p o l y -  

e s t e r   t a p e   was  s t u c k   on  t h e   p r o t e c t i v e   f i l m   of   t he   s u p -  

p o r t .   The  so  p r e p a r e d   t e s t   s t r i p   was  t h e n   g i v e n   on  t h e  

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

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

s u p p o r t   by  means   of  a  k n i f e .   The  U - s h a p e d   c u t   was  m a d e  

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

In  a  t e n s i l e   t e s t i n g   m a c h i n e   ( T e n s i l o n   U T M - 1 1 - 2 0  

m a n u f a c t u r e d   by  Toyo  B a l d w i n   C o . ,   L t d . ,   J a p a n ) ,   t h e  

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

were   f o r c e d   to  s e p a r a t e   f rom  e a c h   o t h e r   by  p u l l i n g   u p  
t he   t a b   end  of   t h e   c u t   p o r t i o n   a t   a  r a t e   of   2  c m / m i n .  

The  a d h e s i o n   s t r e n g t h   was  d e t e r m i n e d   j u s t   when  a  1 - c m  

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

t h e   s u p p o r t .   The  s t r e n g t h   i s   e x p r e s s e d   i n  t e r m s   of  t h e  

f o r c e   F  ( g / c m ) .  

The  r e s u l t s   a r e   s e t   f o r t h   in  T a b l e   1 .  



E x a m p l e   2 

The  s a n d   b l a s t i n g   p r o c e d u r e   of  E x a m p l e   1  was  r e p e a t e d  

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

i n g   t i t a n i u m   d i o x i d e   was  r e p l a c e d   w i t h   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   f i l m   h a v i n g   t h e   same  t h i c k n e s s   b u t   c o n -  

t a i n i n g   c a r b o n   b l a c k .   The  so  p r o c e s s e d   s u r f a c e   of  t h e  

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

a  mean  d i a m e t e r   of  2  µm,  a  maximum  d e p t h   of  7  µm,  and  a  

mean  d i a m e t e r   a t   t h e   o p e n i n g   of  20  µm. 

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

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

m a n n e r   as  d e s c r i b e d   in  E x a m p l e   1 .  

C o m p a r i s o n   E x a m p l e   3 

The  p r o c e d u r e   of   E x a m p l e   2  was  r e p e a t e d   e x c e p t   t h a t  

no  s a n d   b l a s t i n g   was  a p p l i e d   to  t h e   p o l y e t h y l e n e   t e r e -  

p h t h a l a t e   f i l m  ;   c o n t a i n i n g   c a r b o n   b l a c k ,   to  p r e p a r e   a  

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

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

f i l m .  

Each   of   t h e   s c r e e n s   p r e p a r e d   in  E x a m p l e   2  and  Com-  

p a r i s o n   E x a m p l e   3  was  e v a l u a t e d   on  t h e   s h a r p n e s s   o f  

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

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

The  r e s u l t s   a r e   s e t   f o r t h   in  T a b l e   2 .  



E x a m p l e   3 

The  p r o c e d u r e   of  E x a m p l e   2  was  r e p e a t e d   e x c e p t   t h a t  

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

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

p ium  a c t i v a t e d   b a r i u m   f l u o r o b r o m i d e   ( B a F B r : E u 2 + )   p h o s -  

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

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

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

C o m p a r i s o n   E x a m p l e   4 

The  p r o c e d u r e   of  E x a m p l e   3  was  r e p e a t e d   e x c e p t  
t h a t   no  s a n d   b l a s t i n g   was  a p p l i e d   to  t he   p o l y e t h y l e n e  

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

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

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

Each  of  t h e   s c r e e n s   p r e p a r e d   in  E x a m p l e   3  a n d  

C o m p a r i s o n   E x a m p l e   4  was  e v a l u a t e d   on  t h e   s h a r p n e s s  

of   image   and  t h e   a d h e s i o n   s t r e n g t h   of   t he   p h o s p h o r  

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

v i o u s l y .   The  r e s u l t s   a r e   s e t   f o r t h   in  T a b l e   3 .  



E x a m p l e   4 

The  p r o c e d u r e   of   E x a m p l e   2  was  r e p e a t e d   e x c e p t  

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

f l u o r o b r o m i d e   ( B a F B r : E u 2 + )   p h o s p h o r   was  r e p l a c e d   w i t h  

a  c a l c i u m   t a n g u s t a t e   (CaW04)  p h o s p h o r ,   to  p r e p a r e   a  

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

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

f i l m .  

C o m p a r i s o n   E x a m p l e   5 

The  p r o c e d u r e   of   E x a m p l e   4  was  r e p e a t e d   e x c e p t  

t h a t   no  s a n d   b l a s t i n g   was  a p p l i e d   to  t h e   p o l y e t h y l e n e  

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

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

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

t i v e   f i l m .  

Each   of  t h e   s c r e e n s  p r e p a r e d   in  E x a m p l e   4  and  Com- 

p a r i s o n   E x a m p l e   5  was  e v a l u a t e d   on  t he   s h a r p n e s s   o f  

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

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

The  r e s u l t s   a r e   s e t   f o r t h   in  T a b l e   4 .  



As  d e s c r i b e d   p r e v i s o u l y ,   t h e   r a d i a t i o n   image   c o n -  

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

image   s t o r a g e   p a n e l .   - 

As  a  m e t h o d   of  o b t a i n i n g   a  r a d i a t i o n   i m a g e ,   a  r a d i a -  

t i o n   image   r e c o r d i n g   and  r e p r o d u c i n g   m e t h o d   d e s c r i b e d  

in  U .S .   P a t e n t s   No.  3 , 8 5 9 , 5 2 7 ,   No.  4 , 2 5 8 , 2 6 4 ,   No.  4 , 2 3 6 ,  

078 ,   and  No.  4 , 2 3 9 , 9 6 8   i s   p a i d   much  a t t e n t i o n .   In  t h i s  

r a d i a t i o n   image   r e c o r d i n g   and  r e p r o d u c i n g   m e t h o d ,   t h e r e  

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

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

by  an  e l e c t r o m a g n e t i c   wave  s u c h   as  v i s i b l e   l i g h t   a n d  

. i n f r a r e d   r a y s   ( r e f e r r e d   to   h e r e i n a f t e r   as  " s t i m u l a t i n g  

r a y s " )   a f t e r   e x p o s u r e   to  a  r a d i a t i o n .   The  t e r m   " r a d i a -  

t i o n "   as  u s e d   h e r e i n   means   an  e l e c t r o m a g n e t i c   wave  o r  

a  c o r p u s c u l a r   r a d i a t i o n ,   s u c h   as  X - r a y s ,   a - r a y s ,   S - r a y s ,  

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

u l t r a v i o l e t   r a y s ,   or  u l t r a v i o l e t   r a y s .   The  a b o v e - c i t e d  

m e t h o d   i n v o l v e s   s t e p s   of  (1)  c a u s i n g   t h e   s t i m u l a b l e  

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

t h r o u g h   a n  o b j e c t ;   (2)  s c a n n i n g   t h e   p a n e l   w i t h   s t i m u l a t -  

i n g   r a y s   to  s e q u e n t i a l l y   r e l e a s e   t he   r a d i a t i o n   e n e r g y  
s t o r e d   in  t he   p a n e l   as  l i g h t   e m i s s i o n ;   and  (3)  e l e c -  

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

In  t h e   r a d i a t i o n   image   r e c o r d i n g   and  r e p r o d u c i n g  

m e t h o d ,   i t   i s   d e s i r e d   t h a t   a  r a d i a t i o n   image   i s   r e c o r d e d  

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

t he   q u a l i t y   of   image   s u c h   as  s h a r p n e s s   o b t a i n e d   by  t h e  

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

The  r a d i a t i o n   image   s t o r a g e   p a n e l   e m p l o y a b l e   f o r  

c a r r y i n g   o u t   t he   r a d i a t i o n   image   r e c o r d i n g   and  r e p r o d u c -  

i ng   m e t h o d   l i k e w i s e   c o m p r i s e s   a  s u p p o r t   and  a t   l e a s t  

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

d i s p e r s e d   t h e r e i n .   H o w e v e r ,   t he   p h o s p h o r   c o n t a i n e d  

in  t h i s   p h o s p h o r   l a y e r   o u g h t   to  be  a  s t i m u l a b l e   p h o s -  

p h o r .  

The  f a v o r a b l e   e f f e c t s   s u c h   as  t he   i m p r o v e m e n t s  



in  t h e   s h a r p n e s s   of  image   and  t h e   a d h e s i o n   b e t w e e n   t h e  

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

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

t h e   r a d i a t i o n   image   s t o r a g e   p a n e l   u s i n g   a  s u p p o r t   p r o -  

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

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

of  a t   l e a s t   1  µm,  a  maximum  d e p t h   of  more  t h a n   1  µm  t o  

100  µm,  and  a  mean  d i a m e t e r   a t   t he   o p e n i n g   of   a t   l e a s t  

1  µm.  The  p r e f e r r e d   r a n g e s   of  t h e   d i m e n s i o n   of  t h e  

p i t s   d e s c r i b e d   h e r e i n b e f o r e   w i t h   r e s p e c t   to  t h e   r a d i o -  

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

. i n   t he   r a d i a t i o n   image   s t o r a g e   p a n e l .  

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

e n c e   of  t h e   m a t e r i a l   and  c o n s t i t u t i o n   of  t he   p a n e l  

( s c r e e n )   b e t w e e n   the   r a d i o g r a p h i c   i n t e n s i f y i n g   s c r e e n  

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

s t i m u l a b l e   p h o s p h o r   o u g h t   to  be  e m p l o y e d   in  t h e   l a t t e r .  

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

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

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

E x a m p l e s   of  t he   s t i m u l a b l e   p h o s p h o r s   e m p l o y a b l e  

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

i)  S r S : C e , S m ,   S r S : E u , S m ,   L a 2 0 2 S : E u , S m ,   a n d  

( Z n , C d ) S : M n X   w h e r e i n   X  i s   h a l o g e n ,   as  d e s c r i b e d   i n  

U . S .   P a t e n t   No.  3 , 8 5 9 , 5 2 7 ;  

i i )   Z n S : C u , P b ,   B a O · x A l 2 O 3 : E u   w h e r e i n   x  i s   a  n u m -  

b e r   s a t i s f y i n g   t h e   c o n d i t i o n   of  0 . 8 ≤ x ≤ 1 0 ,   a n d  

M I I O · x S i O 2 : A   w h e r e i n   MII  i s   a t   l e a s t   one  d i v a l e n t  

m e t a l   s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   of  Mg,  C a ,  

S r ,   Zn,  Cd  and  Ba,  A  i s   a t   l e a s t   one  e l e m e n t   s e l e c t e d  

f rom  t h e   g r o u p   c o n s i s t i n g   of  Ce,  Tb,  Eu,  Tm,  Pb,  T l ,  

Bi  and  Mn,  and  x  i s   a  n u m b e r   s a t i s f y i n g   t he   c o n d i t i o n   o f  

0 . 5 < x < 2 . 5  ,   as  d e s c r i b e d   in  U . S .   P a t e n t   No.  4 , 2 3 6 , 0 7 8 ;  

i i i )   LnOX:xA  w h e r e i n   Ln  i s   a t   l e a s t   one  e l e m e n t  

s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   of  La,  Y,  Gd  a n d  



Lu,  X  i s   Cl  a n d / o r   Br ,   A  i s   Ce  a n d / o r   Tb,  and  x  i s   a  

n u m b e r   s a t i s f y i n g   t h e   c o n d i t i o n   of   0 < x @ 0 . 1 ,   as  d e s c r i b e d  

in   t h e   a b o v e - m e n t i o n e d   U .S .   P a t e n t   No.  4 , 2 3 6 , 0 7 8 ;  

iv)   ( B a 1 - x ,   M I I x ) F X : y A   w h e r e i n   MII  i s  a t   l e a s t  

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

of   Mg,  Ca,  S r ,   Zn  and  Cd,  X  i s   a t   l e a s t   one  h a l o g e n  

s e l e c t e d   f rom  t he   g r o u p   c o n s i s t i n g   of  Cl ,   Br  and  I ,   A 

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

s i s t i n g   of   Eu,  Tb,  Ce,  Tm,  Dy,  P r ,   Ho,  Nd,  Yb  and  E r ,  

a n d  x   a n d  Y   a r e   n u m b e r s   s a t i s f y i n g   t he   c o n d i t i o n s   o f  

0 ≤ x ≤ 0 . 6   and  0 < y @ 0 . 1 ,   r e s p e c t i v e l y ,   as  d e s c r i b e d   in  U . S .  

. P a t e n t   No.  4 , 2 3 9 , 9 6 8 ;  

v)  ( B a 1 - x - y   , M g x , C a   ) F X : a E u 2 +   w h e r e i n   X  i s   a t   l e a s t  

one  h a l o g e n   s e l e c t e d   f rom  t he   g r o u p   c o n s i s t i n g   of   C l ,  

Br  and  I ,   x  and  y  a r e   n u m b e r s   s a t i s f y i n g   t h e   c o n d i t i o n s  

of   0 < x + y < 0 . 6   and  x y ≠ 0 ,   and  a  i s   a  n u m b e r   s a t i s f y i n g  

t h e   c o n d i t i o n   of  1 0 - 6 @ a @ 5 x 1 0 - 2 ,   as  d e s c r i b e d   in  J a p a -  

n e s e   P a t e n t   P r o v i s i o n a l   P u b l i c a t i o n   No.  5 5 ( 1 9 8 0 ) - 1 2 1 4 3 ;  

v i )   B a F X : x C e , y A   w h e r e i n   X  i s   a t   l e a s t   one  h a l o g e n  

s e l e c t e d   f rom  t h e   g r o u p   c o n s i s t i n g   of   C&,  Br  and  I ,  

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

s i s t i n g   of  I n ,   Ta,  G d ,  S m   and  Zr ,   a n d  x   a n d  y   a r e   n u m -  

b e r s   s a t i s f y i n g   t he   c o n d i t i o n s   of   0 < x ≤ 2 x 1 0 - 1   a n d  

0 < y @ 5 x 1 0 - 2 ,   r e s p e c t i v e l y , a s   d e s c r i b e d   in  U . S .   P a t e n t  

No.  4 , 2 6 1 , 8 5 4 ;  

v i i )   B a F 2 . a B a X 2 .  b M e I F . c M e  I I F 2 . d M e  I I I F 3 . e L n   w h e r e i n  

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

s i s t i n g   of  Cl ,   Br  and  I ,   M e   i s   Li  a n d / o r   Na,  MeII   i s  

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

c o n s i s t i n g   of   Be,  Ca  and  S r ,   M e I I I   i s   a t   l e a s t   o n e  

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

At ,   Ga,  Y  and  La,   Ln  i s   a t   l e a s t   one  e l e m e n t   s e l e c t e d  

f rom  t h e   g r o u p   c o n s i s t i n g   of  Eu,  Ce  and  Tb,  and  a,  b ,  

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

0 . 9 0 @ a @ 1 . 0 5 ,  0 @ b @ 0 . 9 ,   0@c@1.2,   0@d@0.03,   1 0  6 @ e @ 0 . 0 3 ,  

r e s p e c t i v e l y   and  b = c = d ≠ 0 ,   as  d e s c r i b e d   in  J a p a n e s e  



P a t e n t   P r o v i s i o n a l   P u b l i c a t i o n   No.  5 6 . ( 1 9 8 1 ) - 2 3 8 5 ;  

v i i i )   c o m p l e x   h a l i d e   p h o s p h o r   in  w h i c h   MgF2  i s  

a d d e d   to  t h e   a b o v e - m e n t i o n e d   p h o s p h o r   of  J a p a n e s e   P a t e n t  

P r o v i s i o n a l   P u b l i c a t i o n   No.  5 6 ( 1 9 8 1 ) - 2 3 8 5 ,   as  d e s c r i b e d  

in  J a p a n e s e   P a t e n t   P r o v i s i o n a l   P u b l i c a t i o n   No.  5 6 ( 1 9 8 1 ) -  

2 3 8 6 ;  

ix)   B a F x · a L i X ' · b B e X I I 2 · c M I I I X " ' 3 : d A   w h e r e i n   e a c h  

of   X,  X ' ,   X"  and  X"'  a r e   a t   l e a s t   one  h a l o g e n   s e l e c t e d  

f rom  t he   g r o u p   c o n s i s t i n g   of   CQ,  Br  and  I ,   M I I I   i s   A2 

a n d / o r   Ga,  A  is   a t   l e a s t   one  e l e m e n t   s e l e c t e d   f rom  t h e  

g r o u p   c o n s i s t i n g   of   Eu,  Tb,  Ce,  Tm,  Dy,  P r ,   Ho,  Nd,  Yb ,  

. B r ,   Gd,  Lu,  Sm  and  Y,  and  a,  b ,  c   and  d  a r e   n u m b e r s  

s a t i s f y i n g   t h e   c o n d i t i o n s   of   0@a@0.1,   0@b@0.1,   0 @ c @ 0 . 1 ,  
1 0 - 6 @ d @ 0 . 2 ,   r e s p e c t i v e l y   and  0 @ a + b + c @ 0 . 1 ,   as  d e s c r i b e d  

in  J a p a n e s e   P a t e n t   P r o v i s i o n a l   P u b l i c a t i o n   No.  5 6 ( 1 9 8 1 ) -  

7 4 1 7 5 ;   and  t he   l i k e .  

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

e u r o p i u m   a c t i v a t e d   c o m p l e x   h a l i d e   p h o s p h o r .   Out  of  t h e  

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

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

h a l i d e   p h o s p h o r   i s   p r e f e r r e d .   Out  of   t he   d i v a l e n t   e u r o -  

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

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

p h o r   i s   p r e f e r r e d .   Out  of  t he   d i v a l e n t   e u r o p i u m   a c t i -  

v a t e d   b a r i u m   f l u o r o h a l i d e   p h o s p h o r ,   a  d i v a l e n t   e u r o p i u m  
a c t i v a t e d   b a r i u m   f l u o r o b r o m i d e   ( B a F B r : E u 2 + )   p h o s p h o r  

i s   p a r t i c u l a r l y   p r e f e r r e d .  

From  t he   v i e w p o i n t   of   p r a c t i c a l   u s e ,   t h e   s t i m u l a b l e  

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

t h e   w a v e l e n g t h   r e g i o n   r a n g i n g   f rom  300  nm  to  600  nm  when  s t i m -  
u l a t e d   by  s t i m u l a t i n g   r a y s   in  t he   w a v e l e n g t h   r e g i o n  

r a n g i n g   f rom  450  nm  to  1100  nm,  p a r t i c u l a r l y   f rom  4 5 0  

nm  to  750  n m .  

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

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

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



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

b i n d e r .   When  t he   p h o s p h o r   l a y e r   i s   s e l f - s u p p o r t i n g ,   t h e  

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

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

p h o s p h o r   l a y e r   p r o v i d e d   t h e r e o n t o .   T h e r e   i s   no  s p e c i f i c  

l i m i t a t i o n   on  t he   b i n d e r   e m p l o y e d   in   t he   p h o s p h o r   l a y e r .  

The  r a t i o   b e t w e e n   t h e   a m o u n t   of  t h e   b i n d e r   and  t h e   a m o u n t  

of   t h e   p h o s p h o r   g e n e r a l l y   r a n g e s   f rom  1 :1   to  1 : 8 0   ( b i n d e r  :  

p h o s p h o r )   by  w e i g h t   and  p r e f e r a b l y   r a n g e s   f rom  1 :5   t o  

1 : 5 0   by  w e i g h t ,   and  t h e   t h i c k n e s s   of  t h e   p h o s p h o r   l a y e r  

g e n e r a l l y   r a n g e s   f rom  20  µm  to  1  mm,  p r e f e r a b l y   f rom  1 0 0  

um  to  500  µm,  d e p e n d i n g   upon   t h e   p u r p o s e .   T h e r e   i s   n o  

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

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

s h e e t   h a v i n g   f l e x i b i l i t y .  

In  t h e   r a d i a t i o n   image   s t o r a g e   p a n e l   of   t h e   p r e s e n t  

i n v e n t i o n ,   one  or  more  l a y e r s   can  be  o p t i o n a l l y   p l a c e d  

b e t w e e n   t he   s u p p o r t   and  t h e   p h o s p h o r   l a y e r ,   s u c h   as  a  

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

u n d e r c o a t i n g   l a y e r   ( s u b b i n g   l a y e r ) .  

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

o n t o   t h e   p h o s p h o r   l a y e r   in   a  t h i c k n e s s   r a n g i n g   f rom  3 

µm  to  20  µm,  to   c h e m i c a l l y   and  p h y s i c a l l y   p r o t e c t   t h e  

p h o s p h o r   l a y e r .   F u r t h e r m o r e ,   t he   r a d i a t i o n   image   s t o r -  

age  p a n e l   of  t he   p r e s e n t   i n v e n t i o n   can  be  c o l o r e d   w i t h  

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

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

No.  5 6 ( 1 9 8 1 ) - 1 6 3 5 0 0 .   For   t he   same  p u r p o s e ,   a  w h i t e   p o w -  
d e r   can   be  d i s p e r s e d   in  t h e   p h o s p h o r   l a y e r   of  t h e   p a n e l ,  

as  d e s c r i b e d   in  U .S .   P a t e n t   No:  4 , 3 5 0 , 8 9 3 .  

I t   i s   a s s u m e d   t h a t  t h e   i m p r o v e m e n t   of  t he   s h a r p n e s s   o f  
image  a c c o m p l i s h e d   in  t he   s t o r a g e   p a n e l   i s   g i v e n   by  the   f a c t  
t h a t   t he   s t i m u l a t i n g   r a y s   i m p i n g e d   upon   t he   p h o s p h o r   l a y e r  
a re   s u b s t a n t i a l l y   f r e e   f rom  the   m i r r o r   r e f l e c t i o n   by  t h e  
s u p p o r t   s u r f a c e   w h i c h   c a u s e s   r e d u c t i o n   of  t h e   s h a r p n e s s ,  
b e c a u s e   of  t he   p r o v i s i o n   of   t he   p i t s   h a v i n g   t he   s p e c i f i e d  
d i m e n s i o n .   In  t h i s   c a s e ,   mos t   of   t he   r e f l e c t e d   l i g h t   i s  

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



The  r a d i a t i o n   image   s t o r a g e   p a n e l   of  t h e   p r e s e n t  

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

w h i c h   a r e   by  no  means   i n t e n d e d  t o   r e s t r i c t   t h e   i n v e n t i o n .  

E x a m p l e   5 

A  s u r f a c e   of  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   f i l m   c o n -  

t a i n i n g   c a r b o n   b l a c k   ( s u p p o r t ,  t h i c k n e s s   250  µm)   was  s u b -  

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

more  t h a n   a p p r o x i m a t e l y   50  %  by  w e i g h t   of  t h e   s i l i c a  

p a r t i c l e s   had  1 0 0  -   150  mesh  s i z e .   The  s a n d   b l a s t i n g  

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

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

a  drum  r o t a t i n g   a t   a  s p e e d   of  1900  r . p . m .   T h u s ,   a  

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

p r e p a r e d   s u r f a c e   of  t h e   s u p p o r t   was  p r o v i d e d   w i t h   a  

g r e a t   n u m b e r   of  p i t s   h a v i n g   a  mean  d i a m e t e r   of  2  µm, 

a  maximum  d e p t h   of  7  µm,  and  a  mean  d i a m e t e r   a t   t h e  

o p e n i n g   of  20  µm.  

I n d e p e n d e n t l y ,   to  a  m i x t u r e   of  a  p a r t i c u l a t e d   d i -  

v a l e n t   e u r o p i u m   a c t i v a t e d   b a r i u m   f l u o r o b r o m i d e   (BaFBr  :  Eu2+)  

s t i m u l a b l e  p h o s p h o r   and  a  l i n e a r   p o l y e s t e r   r e s i n   w e r e  

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

l o s e   ( n i t r o f i c a t i o n   d e g r e e   1 1 . 5   %)  to   p r e p a r e   a  p h o s -  

p h o r   d i s p e r s i o n .   To  t h e   p h o s p h o r   d i s p e r s i o n   we re   f u r -  

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

e t h y l   k e t o n e .   The  m i x t u r e   was  s u f f i c i e n t l y   s t i r r e d   b y  

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

c o a t i n g   d i s p e r s i o n   h a v i n g   a  v i s c o s i t y   of  2 5  -   35  PS 

( a t   2 5 ° C )  .  

The  c o a t i n g  '   d i s p e r s i o n   was  a p p l i e d   to  t he   s a n d -  
b l a s t e d   s u r f a c e   of   t h e   s u p p o r t . p l a c e d   h o r i z o n t a l l y   o n  

a  g l a s s   p l a t e .   The  c o a t i n g   p r o c e d u r e   was  c a r r i e d   o u t  

u s i n g   a  d o c t o r   b l a d e .   The  s u p p o r t   c o a t e d   w i t h   t he   d i s -  

p e r s i o n  t h e r e o n   w a s  t h e n   p l a c e d   in  an  oven   and  h e a t e d  

t h e r e i n   a t   a  t e m p e r a t u r e   s l o w l y   v a r y i n g   f rom  25  to   1 0 0 ° C .  

T h u s ,   a  p h o s p h o r   l a y e r   h a v i n g   t h i c k n e s s   of  a p p r o x i m a t e l y  
180  µm  was  p r o d u c e d   on  t h e   s u p p o r t .  



On  t he   p h o s p h o r   l a y e r   of   t he   s u p p o r t   was  p l a c e d   a  

t r a n s p a r e n t   p o l y e t h y l e n e   t e r e p h t h a l a t e   f i l m   ( t h i c k n e s s :  

12  µm;  h a v i n g   a  p o l y e s t e r   a d h e s i v e   l a y e r )   to  c o m b i n e  

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

a d h e s i v e   l a y e r .  

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

of   a   s u p p o r t ,   a  p h o s p h o r   l a y e r   a n d  . a   t r a n s p a r e n t  

p r o t e c t i v e   f i l m   was  p r e p a r e d .  

C o m p a r i s o n   E x a m p l e   6 

The  p r o c e d u r e   of  E x a m p l e   5  was  r e p e a t e d   e x c e p t  

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

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

a p p r o x i m a t e l y   50 %  by  w e i g h t   of  t he   s i l i c a   p a r t i c l e s  

had   a p p r o x i m a t e l y   300  mesh  s i z e .   The  so  p r o c e s s e d   s u r -  

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

of  p i t s   h a v i n g   a  mean  d i a m e t e r   of  0 .2   µm,  a  m a x i m u m  

d e p t h   of  0 .8   µm,  and  a  mean  d i a m e t e r   a t   t he   o p e n i n g  

of  0 .5   um.  

A  r a d i a t i o n   image   s t o r a g e   p a n e l   c o n s i s t i n g   of   a  

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

d e s c r i b e d   in  E x a m p l e   5 .  

The  r a d i a t i o n   image   s t o r a g e   p a n e l s   p r e p a r e d   i n  

E x a m p l e   5  and  C o m p a r i s o n   E x a m p l e   6  we re   e v a l u a t e d   o n  

t he   s h a r p n e s s   of  image   and  t he   a d h e s i o n   s t r e n g t h   of   t h e  

p h o s p h o r   l a y e r   to  t h e   s u p p o r t .   The  e v a l u a t i o n   m e t h o d s  

a r e   g i v e n   b e l o w :  

(1)  S h a r p n e s s   of  i m a g e  

The  p a n e l   was  e x p o s e d   to  X - r a y s   of  80  KVp  t h r o u g h  

an  MTF  c h a r t   made  of  l e a d ,   a n d  s u b s e q u e n t l y   t he   p a n e l  

was  s c a n n e d   w i t h   a  He-Ne  l a s e r   beam.   The  l i g n t   e m i t t e d  

by  t h e   p h o s p h o r   l a y e r   of  t h e   p a n e l   was  d e t e c t e d   a n d  

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

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

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

means   of  an  a n a l o g u e - d i g i t a l   c o n v e r t e r ,   and  t he   i m a g e  



s i g n a l   was  r e c o r d e d   on  a  m a g n e t i c   t a p e .   The  m a g n e t i c  

t a p e   was  t h e n   a n a l y z e d   in  a  c o m p u t e r   to  p r o d u c e   t h e  

m o d u l a t i o n   t r a n s f e r   f u n c t i o n   (MTF)  of  t h e   X - r a y   i m a g e  

r e c o r d e d   t h e r e o n .   The  MTF  v a l u e   was  p r o d u c e d   and  g i v e n  

as  an  MTF  v a l u e   (%)  a t   t h e   s p a c i a l   f r e q u e n c y   of   2  c y c l e /  

mm. 

(2)  A d h e s i o n   s t r e n g t h   of  p h o s p h o r   l a y e r   to  s u p p o r t  

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

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

i n g   s c r e e n .  

The  r e s u l t s   a r e   s e t   f o r t h   in  T a b l e   5.  A  r e l a t i v e  

s e n s i t i v i t y   i s   a l s o   s e t   f o r t h   in  T a b l e   5 .  

E x a m p l e   6 

The  p r o c e d u r e   of  E x a m p l e   5  was  r e p e a t e d   e x c e p t  

t h a t   t h e   p h o s p h o r   l a y e r   was  f o r m e d   in  t h i c k n e s s   of   2 0 0  

µm,  to  p r e p a r e   a  r a d i a t i o n   i m a g e   s t o r a g e   p a n e l   c o n s i s t -  

i n g   of  a  s u p p o r t ,   a  p h o s p h o r   l a y e r   and  a  t r a n s -  

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

C o m p a r i s o n   E x a m p l e   7 

The  p r o c e d u r e   of   C o m p a r i s o n   E x a m p l e   6  was  r e p e a t e d  

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

of  200  µm,  to  p r e p a r e   a  r a d i a t i o n   i m a g e   s t o r a g e   p a n e l  

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

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

Each   of   t h e   p a n e l   p r e p a r e d   in  E x a m p l e   6  and  Com- 

p a r i s o n   E x a m p l e   7  was  e v a l u a t e d   on  t he   s h a r p n e s s   o f  



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

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

The  r e s u l t s   a r e   s e t   f o r t h   in  T a b l e   6 .  

E x a m p l e   7 

The  p r o c e d u r e   of  E x a m p l e   5  was  r e p e a t e d   e x c e p t  

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

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

i n g   t i t a n i u m   d i o x i d e ,   to  p r e p a r e   a  r a d i a t i o n   i m a g e  

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

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

C o m p a r i s o n   E x a m p l e   8 

The  p r o c e d u r e   o f  C o m p a r i s o n   E x a m p l e   6  was  r e p e a t e d  

e x c e p t   t h a t   t he   p o l y e t h y l e n e   t e r e p h t h a l a t e   f i l m -   c o n -  

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

t a i n i n g   t i t a n i u m   d i o x i d e ,   to  p r e p a r e   a  r a d i a t i o n   i m a g e  

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

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

Each  of  t h e   p a n e l s   p r e p a r e d   in   E x a m p l e   7  and  Com- 

p a r i s o n   E x a m p l e   8  was  e v a l u a t e d   on  t he   s h a r p n e s s   o f  

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

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

The  r e s u l t s   a r e   s e t   f o r t h   in  T a b l e   7 .  



E x a m p l e   8 

The  p r o c e d u r e   of   E x a m p l e   5  was  r e p e a t e d   e x c e p t  

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

t h e   r a n g e   of   2 0 0  -   300  µm,  to  p r e p a r e   a  r a d i a t i o n   i m a g e  

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

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

C o m p a r i s o n   E x a m p l e   9 

The  p r o c e d u r e   of   E x a m p l e   8  was  r e p e a t e d   e x c e p t  

t h a t   no  s a n d   b l a s t i n g   was  a p p l i e d   to  t he   s u r f a c e   o f  

t he   s u p p o r t ,   to  p r e p a r e   a  r a d i a t i o n   image   s t o r a g e   p a n e l  

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

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

The  s h a r p n e s s   of  image   was  e v a l u a t e d   on  a  v a r i e t y  

of  t h e   p a n e l s   p r e p a r e d   in  E x a m p l e   8  and  C o m p a r i s o n  

E x a m p l e   9.  The  r e s u l t s   a r e   i l l u s t r a t e d   g r a p h i c a l l y  

in  F i g u r e   1 .  

In  F i g u r e   1,  t he   r e l a t i o n s h i p   b e t w e e n   the   s h a r p -  

n e s s   and  t he   r a l a t i v e   s e n s i t i v i t y   o b s e r v e d   in   t h e   p a n e l s  

p r e p a r e d   in  E x a m p l e   8  i s   g i v e n   u n d e r   t he   i n d i c a t i o n   A,  

w h i l e   t h e   r e l a t i o n s h i p   t h e r e b e t w e e n   o b s e r v e d   in  t h e  

p a n e l s   p r e p a r e d   in  C o m p a r i s o n   E x a m p l e   9  i s   g i v e n   u n d e r  

t h e   i n d i c a t i o n   B .  

From  t h e   r e s u l t s   g i v e n   in  F i g u r e   1,  the   r a d i a t i o n  

i m a g e   s t o r a g e   p a n e l   of   t he   i n v e n t i o n   shows  p r o m i n e n t l y  

h i g h e r   s h a r p n e s s   of   image   t h a n   t h e   r a d i a t i o n   i m a g e  

s t o r a g e   p a n e l   p r e p a r e d   a c c o r d i n g   to  the   c o n v e n t i o n a l  

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

s e t   a t   t he   same  v a l u e .  



1.  A  r a d i o g r a p h i c   i n t e n s i f y i n g   s c r e e n   c o m p r i s i n g   a  

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

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

l a y e r   w i t h   a  g r e a t   number   of  p i t s   h a v i n g   a  mean  d e p t h  

of   a t   l e a s t   1  µm,  a  maximum  d e p t h   of   more  t h a n   1  µm  t o  

100  mm,  and  a  mean  d i a m e t e r   a t   t h e   o p e n i n g   of   a t   l e a s t  

1  µm. 

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

C l a i m   1,  in   w h i c h   t h e   p i t s   have   a  mean  d e p t h   of  1  -   10  

µm,  i n c l u s i v e ,   a  maximum  d e p t h   of  more   t h a n   1  µm  to  50 

µm,  and  a  mean  d i a m e t e r   a t   t he   o p e n i n g   of  1  -   100  µm, 
i n c l u s i v e .  

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

C l a i m   2,  in  w h i c h   t he   p i t s   have   a  mean  d e p t h   of  1  -   5 

µm,  i n c l u s i v e ,   a  maximum  d e p t h   of  2  -   20  µm,  i n c l u s i v e ,  

and  a  mean  d i a m e t e r   a t   t h e   o p e n i n g   of   1 0  -   50  µm,  i n -  

c l u s i v e .  

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

a n y  o n e   of  C l a i m s   1  t h r o u g h   3,  in  w h i c h   t h e   s u p p o r t   i s  

made  of  a  p l a s t i c   f i l m .  

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

a n y  o n e   of  C l a i m s   1  t h r o u g h   3,  in  w h i c h   t h e   b i n d e r   c o m -  

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

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

a n y  o n e   of  C l a i m s   1  t h r o u g h   3,  in  w h i c h   t h e   b i n d e r   c o m -  

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



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

a n y  o n e   of  C l a i m s   1  t h r o u g h   3,  in   w h i c h   t he   b i n d e r   c o m -  

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

as  a  p r i n c i p a l   c o m p o n e n t .  

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

a n y  o n e   of   C l a i m s   1  t h r o u g h   3,  in   w h i c h   t h e   p i t s   a r e  

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

t he   s u r f a c e   of  s u p p o r t   a t   h i g h   s p e e d .  

9.  A  p r o c e s s   f o r   t h e   p r e p a r a t i o n   of  a  r a d i o g r a p h i c  

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

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

d i s p e r s e d   t h e r e i n ,   in  w h i c h   the   s u p p o r t   i s   p r o v i d e d   o n  

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

b e r   of  p i t s   h a v i n g   a  mean  d e p t h   of  a t   l e a s t   1  µm,  a  

maximum  d e p t h   of  more  t h a n   1  µm  to  100  µm,  and  a  m e a n  

d i a m e t e r   a t   t h e   o p e n i n g   of  a t   l e a s t   1  µm,  w h i c h   c o m -  

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

of  s u p p o r t  a t   h i g h   s p e e d   to  form  the   p i t s .  

10.  A  p r o c e s s   as  c l a i m e d   in  C l a i m   9,  in   w h i c h   t h e  

s u p p o r t   i s   made  of  a  p l a s t i c   f i l m .  

11.  A  r a d i a t i o n   image   s t o r a g e   p a n e l   c o m p r i s i n g   a  s u p -  
p o r t   and  a t   l e a s t   one  p h o s p h o r   l a y e r   c o m p r i s i n g   a  b i n d e r  

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

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

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

d e p t h   of   a t   l e a s t   1  µm,  a  maximum  d e p t h   of   more  t h a n  

1  µm  to  100  µm,  and  a  mean  d i a m e t e r   a t   t h e   o p e n i n g   o f  

a t   l e a s t   1  µm. 

12.   The  r a d i a t i o n   image   s t o r a g e   p a n e l   as  c l a i m e d   i n  

C l a i m   11,  in   w h i c h   t h e  p i t s   have   a  mean  d e p t h   of   1  -  

10  µm,  i n c l u s i v e ,   a  maximum  d e p t h   of   more  t h a n   1  µm 



to  50  µm,  and  a  mean  d i a m e t e r   a t   t he   o p e n i n g   of   1  -   1 0 0  

µm,  i n c l u s i v e .  

13.  The  r a d i a t i o n   image   s t o r a g e   p a n e l   as  c l a i m e d   i n  

C l a i m   12,  in   w h i c h   t h e   p i t s   h a v e   a  mean  d e p t h   of  1  -   5 

µm,  i n c l u s i v e ,   a  maximum  d e p t h   of  2  -   20  µm,  i n c l u s i v e ,  

and  a  mean  d i a m e t e r   a t   t he   o p e n i n g   of  1 0  -   50  µm,  i n -  

c l u s i v e .  

14.  The  r a d i a t i o n   image   s t o r a g e   p a n e l   as  c l a i m e d   i n  

a n y  o n e   of  C l a i m s   11  t h r o u g h   13,   in  w h i c h   t he   s u p p o r t  

i s   made  of  a  p l a s t i c   f i l m .  

15.  The  r a d i a t i o n   image   s t o r a g e   p a n e l   as  c l a i m e d   i n  

a n y  o n e   of  C l a i m s   11  t h r o u g h   13,  in  w h i c h   t h e   b i n d e r  

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

16.  The  r a d i a t i o n   image   s t o r a g e   p a n e l   as  c l a i m e d   i n  

a n y  o n e   of  C l a i m s   11  t h r o u g h   13,  in   w h i c h   t h e   b i n d e r  

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

17.  The  r a d i a t i o n   image   s t o r a g e   p a n e l   as  c l a i m e d   i n  

a n y  o n e   of   C l a i m s   11  t h r o u g h   13,  in  w h i c h   t he   b i n d e r  

c o m p r i s e s   a  m i x t u r e   of   a  l i n e a r   p o l y e s t e r   and  n i t r o -  

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

a n y  o n e   o f /  
18.  The  r a d i a t i o n   image   s t o r a g e   p a n e l   as  c l a i m e d   i n  

C l a i m s l l   t h r o u g h   13,   in   w h i c h   t h e   s t i m u l a b l e   p h o s p h o r  
i s   a  d i v a l e n t   e u r o p i u m   a c t i v a t e d   a l k a l i n e   e a r t h   m e t a l  

f l u o r o h a l i d e .  

19.  The  r a d i a t i o n   image   s t o r a g e   p a n e l   as  c l a i m e d   i n  

a n y  o n e   of  C l a i m s   11  t h r o u g h   13,  in  w h i c h   t h e   p i t s   a r e  

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

t h e   s u r f a c e   of   s u p p o r t   a t   h i g h   s p e e d .  



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

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

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

d i s p e r s e d   t h e r e i n ,   in  w h i c h   t h e   s u p p o r t   i s   p r o v i d e d   o n  

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

b e r   of  p i t s   h a v i n g   a  mean  d e p t h   of  a t   l e a s t   1  µm,  a  

maximum  d e p t h   of   more   t h a n   1  µm  to  100  µm,  and  a  m e a n  

d i a m e t e r   a t   t h e   o p e n i n g   of   a t   l e a s t   1  µm,  w h i c h   c o m p r i s e s  

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

a t   h i g h   s p e e d   to  form  t he   p i t s .  

2 1 .   A  p r o c e s s   as  c l a i m e d   in  C l a i m   20,   in  w h i c h   t h e  

s u p p o r t   i s   made  of   a  p l a s t i c   f i l m .  
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