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F i e l d   Of  The  I n v e n t i o n  

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

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

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

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

B a c k g r o u n d   Of  The  A r t  

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

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

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

o n - l i n e   and  i n t e n s i v e   e v a l u a t i o n   of  t he   s t r u c t u r a l  

s o u n d n e s s   of  p r o d u c t s .   One  of  t he   m o s t   c o m m o n l y   u s e d  

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

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

u s e d   in  t he   c o n s t r u c t i o n   of  b u i l d i n g s ,   b r i d g e s   and  t h e  

l i k e .   They  a r e   p a r t i c u l a r l y   u s e f u l   in  t he   e v a l u a t i o n   o f  

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

c o u l d   a f f e c t   p e r f o r m a n c e .  

As  i n d u s t r i a l   d e m a n d s   on  m a t e r i a l s   become   m o r e  

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

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

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

an  i n h e r e n t   l i m i t   in  t h e   r e s o l u t i o n   a v a i l a b l e   t h r o u g h   t h e  

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

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

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

a v a i l a b l e   in  r a d i o g r a p h s .   I t   has   h e r e t o f o r e   b e e n   g e n e r a l l y  

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

a n d   t h e  s c r e e n s   t h e m s e l v e s   we re   t he   l i m i t i n g   f a c t o r   in  t h e  

g r a i n i n e s s   or   r e s o l u t i o n   a v a i l a b l e   in  r a d i o g r a p h s   u s e d   i n  

n o n d e s t r u c t i v e   t e s t i n g   ( c f .   N o n d e s t r u c t i v e   T e s t i n g ,   2d  E d .  
W a r r e n   J.  M c G o n n a g l e ,   S c i e n c e   P u b l i s h e r s ,   1 9 7 1 ,   p a g e s  
1 1 9 - 1 2 3 ,   R a d i o g r a p h y   in  Modern   I n d u s t r y ,   3d  E d . ,   E a s t m a n  

K o d a k ,   1 9 6 9 ,   p a g e s   3 4 - 3 8 ,   and  P h y s i c s   of  I n d u s t r i a l  



R a d i o l o g y ,   R.  H a l m s h a w ,   L o n d o n ,   Heywood  B o o k s ,   1 9 6 6 ,  

pp .   110  and  1 7 6 ) .   T h i s   l i m i t a t i o n   was  b e l i e v e d   to  be  a  

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

p h o s p h o r   g r a i n   is  s p r e a d   o u t   r a t h e r   t h a n   p r o j e c t e d   in   a  

l i n e a r   p a t h   l i k e   t h e   i n c i d e n t   X - r a y s .  

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

s c r e e n / f i l m   X - r a y   p r o c e d u r e s   t y p i c a l l y   h a v e   e m u l s i o n s   w h e r e  

t h e   a v e r a g e   g r a i n   s i z e   is   a b o v e   0 .5   m i c r o m e t e r s   ( e . g . ,   U . S .  

P a t e n t   No.  3 , 9 2 2 , 5 4 5 ,   c o l .   13 ,   l i n e s   2 5 - 4 6 )   and  g e n e r a l l y  

o v e r   1  m i c r o m e t e r   ( e . g . ,   U .S .   P a t e n t   No.  3 , 7 5 3 , 7 1 4 ,   c o l .   4 ,  

l i n e s   3 4 - 4 0 ) .   U .S .   P a t e n t   Nos .   4 , 1 7 7 , 0 7 1   and  4 , 1 3 0 , 4 2 8  

d i s c l o s e s   a  r a n g e   of  0 . 2 5  t o   1 . 2   m i c r o m e t e r s   f o r   t h e   g r a i n  

s i z e ,   b u t   t h e   e x a m p l e s   a r e   o n l y   of  e m u l s i o n s   h a v i n g   a v e r a g e  

g r a i n   s i z e s   of  0 . 5 ,   0 . 6 ,   0 .7   and  0 .8   m i c r o m e t e r s .  

Summary  Of  The  I n v e n t i o n  

An  i m a g e a b l e   s y s t e m   p a r t i c u l a r l y   u s e f u l   f o r  

i n d u s t r i a l   X - r a y   p r o c e d u r e s   c o m p r i s e s   a t   l e a s t   two  X - r a y  

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

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

b a s e   w i t h   a  d e c o l o r i z a b l e   ( e . g . ,   b l e a c h a b l e   o r   s o l v e n t  

r e m o v a b l e   in  a q u e o u s   a l k a l i n e   s o l v e n t )   dye  u n d e r l a y e r   o n  

a t   l e a s t   one  s i d e   of  t h e   b a s e   and  two  r a d i a t i o n   s e n s i t i v e  

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

b a s e   ( w i t h   a t   l e a s t   one  o v e r   t he   dye  u n d e r l a y e r ) .   T h e  

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

s i l v e r   h a l i d e   g r a i n s   h a v i n g   a  n u m b e r   a v e r a g e   s i z e   of   l e s s  

t h a n   0 . 4 0   m i c r o m e t e r s   and  g r e a t e r   t h a n   0 . 0 5   m i c r o m e t e r s .  

The  g r a i n s   a r e   p r e f e r a b l y   s e n s i t i z e d   to   a  p o r t i o n   of  t h e  

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

p h o s p h o r   s c r e e n .  

D e t a i l e d   D e s c r i p t i o n   Of  The  I n v e n t i o n  

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

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

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

e l e m e n t   c o m p r i s i n g :  



1)  a  b a s e ,  

2)  a  d e c o l o r i z a b l e   dye  u n d e r l a y e r   on  a t   l e a s t  

one  s i d e   of  s a i d   b a s e ,  

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

u n d e r l a y e r ,   a n d  

4)  a  s e c o n d   s i l v e r   h a l i d e   e m u l s i o n   on  t h e   o t h e r  

s i d e   of   s a i d   b a s e .  

Bo th   of  t he   s i l v e r   h a l i d e   e m u l s i o n s ,   a l t h o u g h   n o t  

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

an  a v e r a g e   s i z e   of  l e s s   t h a n   0 . 4 0   m i c r o m e t e r s   and  l a r g e r  

t h a n   0 . 0 5   m i c r o m e t e r s .   P r e f e r a b l y   the   a v e r a g e   s i z e   i s  

b e t w e e n   0 . 0 7 5  a n d   0 . 3 5   m i c r o m e t e r s   and  mos t   p r e f e r a b l y  

b e t w e e n   0 . 1 0   and  0 . 2 5   or   e v e n   0 . 2 0   m i c r o m e t e r s .   The  s i l v e r  

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

i n t e n s i f y i n g   s c r e e n s   when  s t r u c k   by  X - r a y s .   Dye  s e n s i -  

t i z a t i o n   of  the   s i l v e r   h a l i d e   i s   w e l l   u n d e r s t o o d   in  t h e  

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

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

s e n s i t i z i n g   d y e s   w h i c h   a r e   known  to  s e n s i t i z e   s i l v e r   h a l i d e  

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

b e t w e e n   400  and  780  n a n o m e t e r s .   P r e f e r a b l y   t h e   s i l v e r  

h a l i d e   is   s e n s i t i z e d   to   a  s p e c t r a l   r a n g e   w i t h i n   25  n a n o -  

m e t e r s   of  t he   maximum  w a v e l e n g t h   e m i s s i o n   of  t h e   s c r e e n  

(  m a x ) ,   more   p r e f e r a b l y   w i t h i n   15  nm,  and  m o s t   p r e f e r a b l y  

w i t h i n   10  nm.  

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

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

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

' i n d u s t r i a l   m a t e r i a l s '   a r e   d e f i n e d   as  a l l   i t e m s   or  a r t i -  

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

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

( o r g a n i c   and  i n o r g a n i c )   in  t h e   form  of  s h e e t s ,   f i l m s ,   a r t  

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

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

the   p r e s e n t   i n v e n t i o n .  

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

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



of  s i l v e r   w h i c h   is   u s e d   to  a b s o r b   X - r a y s .   Some  of  t h e  

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

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

t e n   to  t w e l v e   m i n u t e s ) ,   l o n g   d r y i n g   t i m e s ,   and  h i g h  

m a t e r i a l   c o s t s .  

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

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

l e s s   t h a n   10  g  Aglin2  and  p r e f e r a b l y   b e t w e e n   3  and  8  g r a m s  
of  s i l v e r   p e r   s q u a r e   m e t e r .   The  m o s t   p r e f e r r e d   r a n g e   i s  

b e t w e e n   3  and  7  g /m2  o f  s i l v e r .   T h e s e   f i l m s   have   e n a b l e d  

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

n i n e t y   s e c o n d s .  

The  p r o c e s s   w o u l d   be  p e r f o r m e d   by  u s i n g   a  c o n v e n -  

t i o n a l   X - r a y   p r o j e c t i o n   s o u r c e   or   o t h e r   h i g h   e n e r g y   p a r t i -  

c l e   r a d i a t i o n   s o u r c e s   i n c l u d i n g   gamma  and  n e u t r o n   s o u r c e s .  

As  w e l l   known  in  t he   a r t ,   t he   p a r t i c u l a r   p h o s p h o r   u s e d  

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

e m i t t e d   f rom  t h e   s o u r c e .   U s u a l l y   t h i s   r a d i a t i o n   is  h i g h  

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

X - r a y s ,   n e w t r o n s   and  gamma  r a d i a t i o n .   The  i n d u s t r i a l  

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

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

p r e s e n t   i n v e n t i o n .   A  c o n t r o l l e d   e x p o s u r e   of  X - r a y s   w o u l d  

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

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

at   an  a n g l e   a p p r o x i m a t e l y   p e r p e n d i c u l a r   to  the   p l a n e   o r  

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

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

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

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

g e n e r a t e   a  l a t e n t   image   in  t h e   two  s i l v e r   h a l i d e   i m a g i n g  

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

b a t h s ,   w a s h e s ,   f i x i n g ,   b l e a c h i n g   and  t he   l i k e   would   t h e n   b e  

u s e d   on  the   e x p o s e d   f i l m .  

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

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

m a t e r i a l s   such   as  s i l v e r   c h l o r i d e ,   s i l v e r   b r o m i d e ,   s i l v e r  



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

s i l v e r   c h l o r o b r o m i d e ,   and  t h e   l i k e   and  m i x t u r e s   t h e r e o f .  

The  v a s t   l i s t   of  known  p h o t o g r a p h i c   a d j u v a n t s  

and  p r o c e s s i n g   a i d s   may  be  u s e d   in  t he   p r a c t i c e   of   t h e  

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

e x t e n d e r s ,   c h e m i c a l   s e n s i t i z e r s   ( i n c l u d i n g   s u l f u r   and  g o l d  

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

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

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

e s p e c i a l l y   t he   t e t r a -   and  p e n t a a z a i n d e n e s ) ,   s u r f a c e   a c t i v e  

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

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

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

and  t he   l i k e .  

The  b a s e   may  be  a n y  o n e   of  t h e   w e l l   k n o w n  

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

f i l m s   s u c h   as  c e l l u l o s e   a c e t a t e   ( and   t r i a c e t a t e ) ,  

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

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

b a s e .   Many  o t h e r   m a t e r i a l s   may  a l s o   be  u s e d .  

The  dye  u n d e r l a y e r   m u s t   c o n t a i n   a  d e c o l o r i z a b l e  

dye .   By  the   t e r m   ' d e c o l o r i z a b l e ' ,   i t   i s   m e a n t   t h a t   t h e  

l i g h t   a b s o r b i n g   a b i l i t y   of  t h e   dye  m u s t   be  s u b s t a n t i a l l y  

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

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

may  be  r e a d i l y   s o l u b l e   in  a q u e o u s   a l k a l i n e   s o l u t i o n s   u s e d  

in  t h e   p r o c e s s i n g   ( d e v e l o p i n g )   of  t he   f i l m   e l e m e n t   so  t h a t  

the   dye  w o u l d   be  w a s h e d   o u t   of  t h e   e l e m e n t .   The  dye  c o u l d  

be  a l k a l i n e   s o l u t i o n   b l e a c h a b l e ,   h e a t   b l e a c h a b l e ,   s u l f i t e  

b l e a c h a b l e ,   or   r e m o v a b l e   in  any  o t h e r   m a n n e r   w h i c h   w o u l d  

n o t   r e q u i r e   d e s t r u c t i o n   of  t he   image   in  t he   f i l m .   T h e r e  

a r e   many  ways  of  a c c o m p l i s h i n g   r e m o v a b i l i t y   known  in  t h e  

a r t ,   b u t   t he   two  p r e f e r r e d   means   a r e   u s i n g   d y e s   w h i c h   a r e  

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

t h o s e   d i s c l o s e d   in  P h o t o g r a p h i c   C h e m i s t r y ,   V o l .   I I ,  

P.  G l a f k i d e s ,   1 9 6 0 ,   p a g e s   7 0 3 - 7 0 4 .   Hea t   b l e a c h i n g   of  t h e  

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



t h e m s e l v e s   t h e r m o l a b i l e   or  by  c o m b i n i n g   them  w i t h  

m a t e r i a l s   w h i c h   can   b l e a c h   the   d y e s   when  h e a t e d .   T h e  

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

of  l i b e r a t i n g   HN03  or   n i t r o g e n   o x i d e s   when  h e a t e d   t o  

1 6 0 - 2 0 0 ° C   (as   t a u g h t   in  U.S .   P a t e n t   A p p l i c a t i o n   S e r i a l   N o .  

1 9 9 , 4 2 6   f i l e d   O c t o b e r   22,   1980)   a r e   p a r t i c u l a r l y  

d e s i r a b l e .  

The  dye  u n d e r l a y e r   i s   p a r t i c u l a r l y   i m p o r t a n t  

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

e l e m e n t .   C r o s s - t a l k   o c c u r s   when  l i g h t   e m i t t e d   f rom  o n e  

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

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

l a t e n t   image  t h e r e .   B e c a u s e   t he   s e c o n d   e m u l s i o n   ( i . e . ,  

t h e   e m u l s i o n   on  t he   s i d e   of  t h e   b a s e   away  f rom  t h e  

e m i t t i n g   s c r e e n   u n d e r   c o n s i d e r a t i o n )   is   r e l a t i v e l y   f a r  

r e m o v e d   f rom  t h e   s c r e e n ,   t he   l i g h t   image   is   g r e a t l y  

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

i s ,   t h e r e f o r e ,   e s s e n t i a l   t h a t   t he   dye  u n d e r l a y e r   a b s o r b  

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

E x a m p l e s   1 - 6  

A  s e r i e s   of   s i l v e r   h a l i d e   e m u l s i o n s   w i t h   n a r r o w  

g r a i n   s i z e   d i s t r i b u t i o n   was  made  in  w h i c h   t h e   g r a i n   s i z e  

was  v a r i e d   f r o m   0 . 2 2   to   0 .6   m i c r o m e t e r s .   The  e m u l s i o n s  

w e r e   made  u s i n g   a  d o u b l e   j e t   p r o c e d u r e   u n d e r   c o n t r o l l e d  

pAg  c o n d i t i o n s .   The  g r a i n s   in  a l l   c a s e s   were   i o d o b r o m i d e  

in  c o m p o s i t i o n   c o n t a i n i n g   2 . 7 5   m o l e  %   i o d i d e   and  w e r e   o f  

c u b i c   h a b i t .   The  e m u l s i o n s   were   h a n d l e d   in  t h e   n o r m a l  

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

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

s u l f u r   and  g o l d   s e n s i t i z e r s   and  w e r e   d i g e s t e d   a t   55°C  t o  

i n c r e a s e   t h e i r   s e n s i t i v i t y ,   c o o l e d   to   4 0 ° C ,   and  t r e a t e d  

w i t h   p o s t   s e n s i t i z a t i o n   a d d i t i v e s   and  s t a b i l i z e r s   ( n a m e l y ,  

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

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

a t   550  nm  w h i c h   m a t c h e s   the   maximum  e m i s s i o n   c h a r a c t e r i s t i c s  

of   3M's  T r i m a x O   i n t e n s i f y i n g   s c r e e n )   as  i s   common  to  t h e   a r t .  



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

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

p o l y e s t e r   f i l m   b a s e   w h i c h   had  p r e v i o u s l y   been   c o a t e d   w i t h  

an  a q u e o u s   a l k a l i n e   s o l u b l e   dye  in  a  g e l a t i n   l a y e r .   T h e  

f i l m   b a s e   was  7  mil   p h o t o g r a d e   p o l y e s t e r .   The  e m u l s i o n s  

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

m a c h i n e .   The  f i n a l   c o a t i n g s   c o n t a i n e d   5 . 1 g   A g / m 2 .  

T h e s e   f i l m s   were   t h e n   e x p o s e d   to  125  kVp  X - r a y s  
a t  a  d i s t a n c e   of  48  i n c h e s   (104  cm)  in  a  c a s s e t t e  

c o n t a i n i n g   3M  T r i m a x S   i n t e n s i f y i n g   s c r e e n s   w h i c h   a r e  

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

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

and  a r e   shown  be low  in  t h e   T a b l e .   The  n o i s e   p o w e r   w a s  

d e t e r m i n e d   by  t a k i n g   a  W e i n e r   s p e c t r u m   ( c f .   J .   O p t i c a l  

Soc .   Am.  45 ,   7 0 9 - 8 0 8   ( 1 9 5 5 ) ) .   The  r e s u l t s   r e c o r d e d   b e l o w  

a r e   g i v e n   a t   a  f r e q u e n c y   of   1  c y c l e   p e r   m i l l i m e t e r   i n  

u n i t s   of  m i c r o n s   d e n s i t y .  

The  d r a m a t i c   and  u n e x p e c t e d   i m p r o v e m e n t   in  t he   r e d u c t i o n  

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

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

i n v e n t i o n .   F u r t h e r   m e a s u r e m e n t   of  t he   i m a g e s   by  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)  a t   4  c y c l e s / m m   r e v e a l e d   t h a t  

r e s o l u t i o n   was  no t   s a c r i f i c e d   in  t h e   e m u l s i o n s   w i t h  

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

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



E x a m p l e   7 

T h i s   e x a m p l e   s h o w s   t he   use   of  t h e   m a t e r i a l s   o f  

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

g r a p h i c   s i t u a t i o n s .  

S p e c i m e n :   Two  low  c a r b o n   s t e e l   p l a t e s   j o i n e d   t o g e t h e r  

w i t h   a  b u t t   w e l d .   The  o v e r a l l   p i e c e  

m e a s u r e d   12"  x  8"  x  1" .   An  A S T M - E 1 4 2  

p e n e t r a m e t e r   2 .0   was  l o c a t e d   n e a r   t he   w e l d  

j o i n t .  

F i l m :   S e v e n   mi l   p o l y e s t e r   c o a t e d   two  s i d e s   w i t h   a  

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

s e n s i t i z e d   to   550  nm.  The  s i l v e r   c o a t i n g  

w e i g h t   was  5 .4   g / m 2 .   A  b l e a c h a b l e   d y e  

u n d e r l a y e r   was  c o a t e d   on  one  s i d e .   T h e  

a v e r a g e   g r a i n   s i z e   was  0 . 2 4 7   m i c r o n s   a s  

d e t e r m i n e d   by  e l e c t r o n   m i c r o s c o p y .  

S c r e e n s :   Tr imax@  12  F r o n t ,   T r i m a x ®   12  B a c k  

T e c h n i q u e :   300  KVp,  48  i n c h   (122  cm)  f i l m - f o c u s -  

d i s t a n c e ,   300  m i l l i a m p   s e c o n d s .  

P r o c e s s i n g :   The  e x p o s e d   f i l m   was  p r o c e s s e d   in  a  K o d a k  

X-OMAT  a u t o m a t i c   p r o c e s s e r   in  90  s e c o n d s  

d r y - t o - d r y .  

R e s u l t s :   The  2-1T  p e n e t r a m e t e r   h o l e   was  c l e a r l y  

v i s i b l e ,   i n d i c a t i n g   an  E q u i v a l e n t   P e n e t r a m e t e r   S e n s i t i v i t y  

of   1.4%  as  d e f i n e d   in  ASTM  E142 .   A  s m a l l   r e g i o n   of  i n c o m -  

p l e t e   f u s i o n   in  t h e   we ld   a r e a   was  c l e a r l y   v i s i b l e .  

E x a m p l e   8 

T h i s   is  an  e x a m p l e   of  f i e l d   r a d i o g r a p h y   u s i n g   a  

. r a d i o a c t i v e   i s o t o p e   s o u r c e .  

S p e c i m e n :   S t e e l   g i r d e r   w e l d ,   3 . 7 6   cm  t h i c k ,  

c o n t a i n i n g   an  ASTM-E142  p e n e t r a m e t e r ,   3 . 0 .  

F i l m :   Same  as  E x a m p l e   7 .  

S c r e e n s :   T r i m a x ®   12  F r o n t ,   T r imaxO  12  B a c k .  

S o u r c e :   I R - 1 9 2 ,   49  c u r i e s .  

T e c h n i q u e :   F i l m - f o c u s - d i s t a n c e   1 3 . 5   i n c h e s   ( 3 4 . 2   cm)  

Time  10  s e c o n d s .  



P r o c e s s :   E x p o s e d   f i l m   p r o c e s s e d   in  Kodak  X-OMAT  T y p e  

B,  12  m i n u t e s   d r y - t o - d r y .  

R e s u l t s :   The  2 -2T  p e n e t r a m e t e r   h o l e   was  c l e a r l y  

v i s i b l e   a t   a  d e n s i t y   of   1 . 8 8 .   T h i s   p r o v i d e s   an  E q u i v a l e n t  

S e n s i t i v i t y   of  2 .0   d e f i n e d   in  ASTM-E142 .   A  s m a l l   c r a c k  

w i t h i n   t he   weld   was  a l s o   c l e a r l y   v i s i b l e .  

E x a m p l e   9 

T h i s   is  an  e x a m p l e   of  a l u m i n u m   r a d i o g r a p h y .  

S p e c i m e n :   A l u m i n u m   s t e p w e d g e ,   7 . 5   i n c h e s   ( 1 8 . 7 9   cm)  

in  l e n g t h ,   2 . 7 5   i n c h e s   in  d e p t h   c o n t a i n i n g  

10  s t e p s   in  0 . 2 5   i n c h   ( 0 . 6 3   cm)  i n c r e m e n t s .  

The  min imum  s t e p   t h i c k n e s s   was  0 .5   i n c h e s  

( 1 . 2 7   c m ) .   Each  l e v e l   of   t h i c k n e s s  

c o n t a i n e d   t h e   a p p r o p r i a t e   M I L . S T D . 2 7 1 D   A l  

p e n e t r a m e t e r .  

F i l m :   The  f i l m   was  a  s i l v e r   b r o m o i o d i d e   o f  

a v e r a g e   g r a i n   s i z e   0 . 2 4   m i c r o n s   c o a t e d   b o t h  

s i d e s   o n t o   s e v e n   mil   p o l y e s t e r   f i l m   b a s e .  

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

s i d e   w i t h   a  b l e a c h a b l e   dye  l a y e r .   T h e  

s i l v e r   c o a t i n g   w e i g h t   was  5 .7   g / m 2 .  

S c r e e n :   T r i m a x o   2  F r o n t ,   Tr imax@  2  B a c k .  

T e c h n i q u e :   125  KVp,  48  i n c h   (122  cm)  f i l m - f o c u s -  

d i s t a n c e ,   40  m a s .  

P r o c e s s i n g :   E x p o s e d   f i l m   was  d e v e l o p e d   in  a  K o d a k  

X-OMAT  a u t o m a t i c   p r o c e s s o r   90  s e c o n d s  

d r y - t o - d r y .  

R e s u l t s :   The  2-1T  p e n e t r a m e t e r   h o l e s   we re   c l e a r l y  

v i s i b l e   on  a l l   t h i c k n e s s e s   f rom  0 . 7 5   ( 1 . 8 8   cm)  to   1 . 5  

i n c h e s   ( 3 . 1 5   cm)  a l u m i n u m .   T h i s   c o r r e s p o n d s   to  a n  

E q u i v a l e n t   S e n s i t i v i t y   of   1 . 4 % .  

E x a m p l e   10  

T h i s   is  an  e x a m p l e   of  m u l t i p l e  f i l m   r a d i o g r a p h y .  

S p e c i m e n :   Same  as  E x a m p l e   9 .  

F i l m :   Same  as  E x a m p l e   9 .  



S c r e e n s :   T r i m a x   2  F r o n t ,   T r i m a x   12F  B a c k .  

P r o c e d u r e :   A  f l e x i b l e   v i n y l   c a s s e t t e   i s   l o a d e d  w i t h  

t h e   two  s c r e e n s   and  two  p i e c e s   of  f i l m   w e r e  

i n s e r t e d   b e t w e e n   t he   s c r e e n s .  

T e c h n i q u e :   125  KVp,  f i l m - f o c u s - d i s t a n c e   44  i n c h e s ,   3 0  

m i l l i a m p   s e c o n d s .  

P r o c e s s i n g :   The  e x p o s e d   f i l m s   w e r e   d e v e l o p e d   in  a  K o d a k  

X-OMAT  a u t o m a t i c   p r o c e s s o r   90  s e c o n d s  

d r y - t o - d r y .  

R e s u l t s :   F i l m   No.  1,  c l o s e s t   to  t he   X - r a y   s o u r c e ,  

c l e a r l y   r e v e a l e d   t he   2-2T  p e n e t r a m e t e r   h o l e s   on  a l l  

t h i c k n e s s e s   b e t w e e n   0 .5   ( 1 . 2 7   cm)  and  1 . 2   i n c h e s   ( 3 . 0 6   cm)  

a l u m i n u m .   F i l m   N o .  2   c l e a r l y   r e v e a l e d   t h e   2 - 2 T  

p e n e t r a m e t e r   h o l e s   f o r   a l l   t h i c k n e s s e s   b e t w e e n   1 . 2   ( 3 . 0 6  

cm)  and  2 .5   i n c h e s   ( 6 . 2 6   cm)  a l u m i n u m .   The  two  f i l m s  

c o m b i n e   to   p r o v i d e   an  E q u i v a l e n t   S e n s i t i v i t y   of   2%  f o r   a l l  

s t e p s   in  t h e   a l u m i n u m   s t e p w e d g e .  

The  X - r a y   i n t e n s i f y i n g   s c r e e n s   u s e d   in  t h e  

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

w e l l   known  in  t h e   a r t .   T h e s e   p h o s p h o r s   a r e   m a t e r i a l s  

wh ich   a b s o r b   i n c i d e n t   X - r a y s   and  e m i t   r a d i a t i o n   in  a  

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

p a r t i c u l a r l y   v i s i b l e   and  u l t r a v i o l e t   r a d i a t i o n .   C a l c i u m  

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

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

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

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

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

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

shown  in  U . S .   P a t e n t   No.  3 , 7 2 5 , 7 0 4   and  U.K.  P a t e n t   N o .  

1 , 5 6 5 , 8 1 1 .   The  p h o s p h a t e   and  a r s e n a t e   p h o s p h o r s   may  b e  

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

w h e r e i n   a  i s   0 . 0 1   to   0 . 5 0 ,   b  i s   0  to   0 / 5 0 ,   c  is   0  to   0 . 0 2 ,  

d  is  o  to   0 . 1 0 ,   e  i s   0  to   0 . 0 2   and  X  r e p r e s e n t s  

p h o s p h o r o u s   or   a r s e n i c   a t o m s   o r  m i x t u r e s   t h e r e o f .  

P r e f e r a b l e ,   c  i s   0,  a  i s   0 . 0 5   to   0 . 3 0   and  d  is   0  to   0 . 0 2 .  



The  sum  of  b,  c ,   d  and  e  s h o u l d   be  g r e a t e r   t h a n   z e r o   a n d  

s h o u l d   most   p r e f e r a b l y   be  a t   l e a s t   0 . 0 0 5 .  

The  o x y s u l f i d e   r a r e   e a r t h   p h o s p h o r s   may  b e  

r e p r e s e n t e d   by  t he   f o r m u l a  

w h e r e i n   Z  is  t h e   d o p a n t   e l e m e n t   or   e l e m e n t s ,  

g  is   0  to  1 . 9 9 ,   h  is   0  to   1 . 9 9   and  f  is   0 . 0 0 0 5   to  0 . 1 6 .  

P r e f e r a b l y   b  i s   0,  a  i s   0 . 15   to   1 . 0 0 ,   f  i s   0 . 0 0 1 0   to   0 . 0 5  

and  Z  is   t e r b i u m .  



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

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

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

1)  a  b a s e ,  

2)  a  d e c o l o r i z a b l e   dye  u n d e r l a y e r   on  a t   l e a s t  

one  s i d e   of  t h e   b a s e ,  

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

s a i d   dye  u n d e r l a y e r ,   a n d  

4)  a  s e c o n d   s i l v e r   h a l i d e   e m u l s i o n   l a y e r   on  t h e  

o t h e r   s i d e   of   s a i d   b a s e ,  

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

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

e m i t t e d   by  s a i d   s c r e e n s   when  s t r u c k   by  h i g h   e n e r g y  

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

s i l v e r   h a l i d e   g r a i n s   in  t h e   e m u l s i o n s   a r e   b e l o w   0 . 4  

m i c r o m e t e r s .  

2.  The  s y s t e m   of   c l a i m   1  w h e r e i n   s a i d   s c r e e n s  

a r e   X - r a y   i n t e n s i f y i n g   s c r e e n s .  

3.  The  s y s t e m   of   c l a i m   2  w h e r e i n   t he   a v e r a g e  

g r a i n   s i z e   i s   b e t w e e n   0 . 0 7 5   and   0 . 3 5   m i c r o m e t e r s .  

4.  The  s y s t e m   of   c l a i m s   2  o r   3  w h e r e i n   t h e  

e m u l s i o n s   a r e   s e n s i t i z e d   by  a t   l e a s t   one  s e n s i t i z i n g   d y e  

so  t h a t   t he   maximum  s e n s i t i v i t y   of   t h e   e m u l s i o n s   is   w i t h i n  

50  n a n o m e t e r s   of  t he   maximum  i n t e n s i t y   w a v e l e n g t h   e m i s s i o n  

of   t he   s c r e e n s .  

5.  The  s y s t e m   of  c l a i m   4  w h e r e i n   s a i d   m a x i m u m  

s e n s i t i v i t y   is  w i t h i n   25  n a n o m e t e r s   of  t he   m a x i m u m  

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



6.  A  p r o c e s s   f o r   the   n o n - d e s t r u c t i v e   t e s t i n g   o f  

i n d u s t r i a l   m a t e r i a l s   wh ich   c o m p r i s e s   p l a c i n g   an  i n d u s t r i a l  

m a t e r i a l   b e t w e e n   a  c o n t r o l l e d   X - r a y   s o u r c e   and  the  r a d i o -  

g r a p h i c   s y s t e m   of  c l a i m   2,  d i r e c t i n g   X - r a y s   f rom  t h e  

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

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

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

l a y e r s .  

7.  The  s y s t e m   of  c l a i m s   2  and  3  w h e r e i n   t h e  

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

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

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

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