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(54)  Radiation  shieldtng  putfy-lrke  composition. 
  The  present  invention  discloses  a  radiation  shielding 
putty-like composition  comprising  a  binder  having  a  fluidity 
in the range  from  at  least  5,000  c.St.  in  viscosity  at  25°C to  at least  100  in  unworked  penetration  at  25°C,  and  1,200  to 4,000 
parts  by weight,  per  100  parts  by  weight  ofthe  said  binder, of 
an  inorganic  powder  having  a  density of  at  least 5 g/cm3 and 
also  having  a  particle  size  such  that  at  least  95%  by  weight thereof  passes  a  145-mesh  sieve,  and  the  said  composition 
being  from  1  to  35  mm  in  consistency  and at  feast  1  g/5sec.  in 
extrudability,  and  at  least  4  g/cm3  in  density. 



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

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

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

as  X - r a y s ,   Y - r a y s   e t c .  

B a c k g r o u n d   of  t he   I n v e n t i o n  

In  o r d e r   to  a v o i d   l e a k a g e   of   i n j u r i o u s   r a d i a t i o n  

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

e l e c t r i c   c a b l e s   or  p i p e s   t h r o u g h   room  w a l l s   or  v e s s e l  

w a l l s   in   n u c l e a r   power   s t a t i o n s ,   c r a c k s   and  c r e v i c e s  

d e v e l o p e d   a t   w a l l s   e t c . ,   i t   ha s   been   o r d i n a r y   in  t h e  

a r t   to   f i l l   s u c h   o p e n i n g s   w i t h   l e a d   f i b e r   wool  or  a  

s e a l i n g   compound   c o n t a i n i n g   a  d e n s e   m e t a l l i c - p o w d e r .  

H o w e v e r ,   t he   method   u s i n g   l e a d   f i b e r   wool   i s   l a b o r i o u s  

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

t i g h t l y   b e c a u s e   o n l y   a b o u t   50%  of  t he   s p a c e   can  be  f i l l e d .  

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

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

may  e x h i b i t   e x c e l l e n t   r a d i a t i o n   s h i e l d i n g   e f f e c t .   Known 

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

too   h a r d   or  too  c o n s i s t e n t   a t   a  room  t e m p e r a t u r e ,   a n d  

t h e r e f o r e   in  the   f i l l i n g   work  f o r   s m a l l   o p e n i n g s   t h o s e  

a r e   n o t   o n l y   t i m e - c o n s u m i n g ,   bu t   a l s o   in  many  c a s e s  

d i f f i c u l t   to  f i l l   them  s u f f i c i e n t l y .  

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

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



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

a  d e n s e   and  v e r y   f i n e   m e t a l l i c   p o w d e r   can  be  mixed  i n  

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

v i s c o s i t y   or  c o n s i s t e n c y   to  p r o d u c e   an  even   p u t t y - l i k e  

m i x t u r e   h a v i n g   a  h i g h   d e n s i t y   e n o u g h   to   s h i e l d   i n j u r i o u s  

r a d i a t i o n s   and  a l s o   h a v i n g   a  good  f l u i d i t y   b e i n g   e a s y  

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

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

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

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

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

e x c e l l e n t   in   r a d i a t i o n   s h i e l d i n g   and  h a s   good  or  t e m -  

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

o p e n i n g s .  

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

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

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

g u n .  

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

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

f l u i d i t y   in  t he   r a n g e   f rom  a t   l e a s t   5 , 0 0 0   c . S t .   i n  

v i s c o s i t y   a t   25°C  to  a t   l e a s t   100  in   u n w o r k e d   p e n e t r a t i o n  

a t   25°C ,   and  1 , 2 0 0   to  4 , 0 0 0   p a r t s   by  w e i g h t ,   p e r   1 0 0  

p a r t s   by  w e i g h t   of  t he   s a i d   b i n d e r ,   of   an  i n o r g a n i c  

p o w d e r   h a v i n g   a  d e n s i t y   of  a t   l e a s t   5  g /cm3  and  a l s o  

h a v i n g   a  p a r t i c l e   s i z e   s u c h   t h a t   a t   l e a s t   95%  b y  



w e i g h t   t h e r e o f   p a s s e s   a  1 4 5 - m e s h   s i e v e ,   and  t he   s a i d  

c o m p o s i t i o n   b e i n g   f rom  1  to  35  mm  in  c o n s i s t e n c y   and  a t  

l e a s t   1  g / 5 s e c .   in  e x t r u d a b i l i t y ,   and  a t   l e a s t   4  g / c m  

in  d e n s i t y .  

D e t a i l e d   E x p l a n a t i o n   of  t h e   I n v e n t i o n  

The  b i n d e r   to  be  used   in  t he   p r e s e n t   i n v e n t i o n   i s  

t h e   one  w h i c h   i s   a b l e   to   p r o d u c e   a  s t a b l e   p u t t y - l i k e  

c o m p o s i t i o n   by  m i x i n g   w i t h   a  g r e a t   a m o u n t   of  an  i n o r g a n i c  

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

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

To  be  c o n c r e t e ,   t he   b i n d e r   has   a  f l u i d i t y   in   t h e  

r a n g e   f rom  a t   l e a s t   5 , 0 0 0   c . S t .   in  v i s c o s i t y   a t   2 5 0 C  

to  a t   l e a s t   100  in   u n w o r k e d   p e n e t r a t i o n   (  as  m e a s u r e d  

in   a c c o r d a n c e   w i t h   J IS   K  2 2 2 0 - 1 9 8 0 ,   5 . 3 . 4  )   a t   2 5 ° C .  

Wi th   a  b i n d e r   h a v i n g   a  v i s c o s i t y   of  l e s s   t h a n   5 , 0 0 0   c . S t .  

a t   25°C ,   the   c o m p o s i t i o n   o b t a i n e d   upon  i n c o r p o r a t i o n  

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

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

t i o n   u n e v e n .   On  the   o t h e r   h a n d ,   w i t h   a  b i n d e r   h a v i n g  

an  u n w o r k e d   p e n e t r a t i o n   of  l e s s   t h a n   100 ,   i t   i s   d i f f i c u l t  

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

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

h a r d .  

The  b i n d e r   p r e f e r a b l y   has   a  v i s c o s i t y   of  a t   l e a s t  

105  c . S t . ,   more  p r e f e r a b l y   a t   l e a s t   2  x  105  c . S t . ,   a n d  

a l s o   has   an  u n w o r k e d   p e n e t r a t i o n   of  a t   l e a s t   150 ,   m o r e  



p r e f e r a b l y   a t   l e a s t   2 0 0 .  

In  the   p r e s e n t   i n v e n t i o n   t h e r e   may  be  u s e d ,   as  t h e  

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

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

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

G r e a s e s   a r e   a  p r e f e r a b l e   e x a m p l e   of   t h e   b i n d e r .  

I t   i s   g e n e r a l l y   w e l l   known  t h a t   t he   g r e a s e   i s   d e f i n e d  

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

in   a  n a t u r a l   or  s y n t h e t i c   o r g a n i c   l i q u i d .   The  g r e a s e s  

u s e f u l   as  t he   b i n d e r   a r e   t h o s e   d e f i n e d   as  a b o v e .   E x a m p l e s  

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

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

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

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

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

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

l i q u i d   r u b b e r s   e t c . ,   g l y c o l s   such   as  p o l y e t h y l e n e   g l y c o l ,  

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

d i o c t y l a d i p a t e ,   and  o t h e r   e s t e r s   w h i c h   a r e   u sed   as  p l a s -  

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

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

e t h y l e n e   e t c .   E x a m p l e s   of  u s e f u l   t h i c k e n e r s   a r e   m e t a l l i c  

s o a p s   s u c h   as  o r g a n i c   a c i d   s a l t s   of  Ba,  S r ,   Zn,  Pb,  C d ,  

K,  Na,  Ca,  L i ,   Al  and  l i k e   m e t a l s ,   m e t a l   o x i d e   g e l s   s u c h  

as  a l u m i n u m   o x i d e   g e l ,   t i t a n i u m   o x i d e   g e l ,   s i l i c a   ge l   e t c . ,  

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



a c i d - @ , β - n - b u t y l a m i d e ,   q u a t e r n a r y   ammonium  s a l t   o f  

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

p o w d e r   of  o r g a n i c   r e s i n s ,   b e n t o n i t e   e t c .  

E x a m p l e s   of   g r e a s e s   to  be  s u i t a b l y   used   in  t he   p r e s e n t  

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

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

s o a p   g r e a s e ,   b a r i u m   s o a p   g r e a s e   e t c . ,   n o n - s o a p   g r e a s e s  

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

e t c .   Among  them,   mos t   p r e f e r a b l e   a re   l i t h i u m   s o a p   g r e a s e ,  

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

g r e a s e .  

O t h e r   u s e f u l   g r e a s e s   a r e   d i s c l o s e d   by  H i r o s h i   H o r i g u c h i  

in   11  L u b r i c a n t s   and  G r e a s e s   ",  p a g e s   4 0 2 - 4 1 9 ,   S a n k y o s h u p p a n  

C o . ,   L t d . ,   Tokyo ,   F e b r u a r y   1 9 7 0 .  

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

o i l s   f rom  p e t r o l e u m ,   o l i g o m e r s   or  p o l y m e r s   of  o l e f i n  

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

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

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

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

l i q u i d   a c r y l o n i t r i l e   r u b b e r ,   s i l i c o n e   o i l s ,   w a t e r   g l a s s  

e t c .   A  m i x t u r e   of  p o l y b u t e n e   and  a  g r e a s e   i s   one  o f  

t h e   mos t   p r e f e r a b l e   e x a m p l e s   as  the   b i n d e r .  

The  i n o r g a n i c   p o w d e r   to  be  used  in  t he   p r e s e n t  

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

and  as  m e n t i o n e d   p r e v i o u s l y ,   i s   e m p l o y e d   in  g r e a t   a m o u n t ,  



t h a t   i s   1 , 2 0 0   to  4 , 0 0 0   p a r t s   by  w e i g h t   t h e r e o f   per   1 0 0  

p a r t s   by  w e i g h t   of   t he   b i n d e r .   The  i n o r g a n i c   p o w d e r  

has   a  d e n s i t y   of   a t   l e a s t   5  g /cm3  and  a l s o   has   a  p a r t i c l e  

s i z e   such   t h a t   a t   l e a s t   95%  by  w e i g h t   t h e r e o f   p a s s e s  

a  1 4 5 - m e s h   s i e v e   of   t he   J IS   Z  8801  S t a n d a r d   S i e v e   s e r i e s .  

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

5  g / c m 3 ,   s u c h   a  low  d e n s i t y   p o w d e r   n e e d s   to  be  used   i n  

too   l a r g e   a m o u n t   e x c e e d i n g   the   a b o v e - m e n t i o n e d   u p p e r  

l i m i t ,   t h a t   i s   4 , 0 0 0   p a r t s ,   in  o r d e r   to   p r o d u c e   a  c o m -  

p o s i t i o n   at   l e a s t   4  g /cm3  in  d e n s i t y ,   and  t h e r e f o r e   h a s  

d i f f i c u l t y   in  b e i n g   i n t e g r a t e d   w i t h   a  b i n d e r   as  p u t t y -  

l i k e   m a t e r i a l .   On  t h e   o t h e r   h a n d ,   when  an  i n o r g a n i c  

p o w d e r   wh ich   d o e s   n o t   s a t i s f y   the   a b o v e   p a r t i c l e   s i z e  

r e q u i r e m e n t   i s   u sed   in  an  amoun t   of  1 , 2 0 0   p a r t s   or  m o r e  

p e r   100  p a r t s   of  a  b i n d e r ,   the   p o w d e r   i s   a l s o   h a r d l y  

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

p a r t i c l e   s i z e .   T h e r e f o r e ,   p r e f e r a b l e   i n o r g a n i c   p o w d e r s  

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

s i z e   as  s m a l l   as  p o s s i b l e   in  the   s t a n d p o i n t   of  p r o d u c i n g  

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

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

a r e   t h o s e   h a v i n g   a  d e n s i t y   of  a t   l e a s t   9  g / c m 3 ,   a n d / o r  

h a v i n g   a  p a r t i c l e   s i z e   such   t h a t   a t   l e a s t   95%  by  w e i g h t  

t h e r e o f   p a s s e s   a  2 0 0 - m e s h   s i e v e ,   m o r e o v e r  a t   l e a s t  

99%  by  w e i g h t   t h e r e o f   p a s s e s   a  2 0 0 - m e s h   s i e v e .   The  m o s t  

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



of  a t   l e a s t   10  g /cm3  and  a l s o   h a v i n g   a  p a r t i c l e   s i z e  

such   t h a t   a t   l e a s t   99%  by  w e i g h t   t h e r e o f   p a s s e s   a  2 8 0 -  

mesh  s i e v e ,   f u r t h e r m o r e   a t   l e a s t   90%  by  w e i g h t   t h e r e o f  

p a s s e s   a  3 5 0 - m e s h   s i e v e .  

B e s i d e s ,   t he   use  of  a  m i x t u r e   of  a  c o a r s e r   p o w d e r ,  

f o r   e x a m p l e   t h o s e   a t   l e a s t   95%  by  w e i g h t   of  w h i c h   p a s s e s  

a  1 4 5 - m e s h   s i e v e   and  does   n o t   p a s s   a  2 0 0 - m e s h   s i e v e ,   a n d  

a  f i n e r   p o w d e r ,   f o r   e x a m p l e   t h o s e   a t   l e a s t   95%  by  w e i g h t  

of  w h i c h   p a s s e s   a  2 0 0 - m e s h   s i e v e ,   makes  i t   p o s s i b l e   t o  

i n c o r p o r a t e   t he   i n o r g a n i c   p o w d e r   in  t he   c o m p o s i t i o n   i n  

l a r g e r   a m o u n t s ,   s i n c e   s u c h   i n o r g a n i c   powder   m i x t u r e ' i s  

d i s p e r s e d   i n   t he   c o m p o s i t i o n   in  a  m a n n e r   such   t h a t   t h e  

f i n e r   p o w d e r   p a r t i c l e s   a re   p a c k e d   among  the   c o a r s e r  

p o w d e r   p a r t i c l e s .  

In  t he   p r e s e n t   i n v e n t i o n ,   when  the   amount   of  t h e  

i n o r g a n i c   p o w d e r   i s   l o w e r   t h a n   1 , 2 0 0   p a r t s   pe r   100  p a r t s  

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

c i e n t .   C o n v e r s e l y ,   when  the   a m o u n t   i s   h i g h e r   t h a n   4 , 0 0 0  

p a r t s   p e r   100  p a r t s   of  t he   b i n d e r ,   t h e   r e s u l t i n g   c o m p o -  

s i t i o n   w i l l   n o t   have   p u t t y - l i k e   p r o p e r t i e s ,   or  i s   t o o  

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

is   p r e f e r a b l y   1 , 3 0 0 - 3 , 0 0 0   p a r t s   by  w e i g h t ,   more  p r e f -  

e r a b l y   1 , 5 0 0 - 2 , 0 0 0   p a r t s   by  w e i g h t   p e r   100  p a r t s   b y  

w e i g h t   of  the   b i n d e r .  

As  s u c h   i n o r g a n i c   p o w d e r ,   t h e r e   may  be  used  any  o f  

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



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

p o w d e r s   of  m e t a l s   or  m e t a l   o x i d e s ,   more  s p e c i f i c a l l y ,   l e a d ,  

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

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

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

l e s s   t h a n   9.  M o r e o v e r ,   mos t   p r e f e r r e d  a r e   p o w d e r s   of   a  

p u r e   l e a d   a t   l e a s t   99 .5%  by  w e i g h t   in   p u r i t y .   E x a m p l e s  

of  t he   p u r e   l e a d   a re   s i x   k i n d s   of   p i g   l e a d   d i f i n e d   i n  

J IS   H  2 1 0 5 - 1 9 5 5 .   P r e f e r a b l e   p u r i t y   of  t he   p i g   l e a d   i s  

n o t   l e s s   t h a n   99 .8%  by  w e i g h t ,   p a r t i c u l a r l y   no t   l e s s  

t h a n   99 .9%  by  w e i g h t .  

The  p u t t y - l i k e   c o m p o s i t i o n   of   t he   p r e s e n t   i n v e n t i o n  

c o m p r i s e s   a b o v e - m e n t i o n e d   c o m p o n e n t s ,   and  a l s o   has   a  

c o n s i s t e n c y   (  as  m e a s u r e d   in  a c c o r d a n c e   w i t h   J IS   A 

5 7 5 2 - 1 9 7 5  )   of  1  to  35  mm  a t   25°C ,   an  e x t r u d a b i l i t y  

(  a s   m e a s u r e d   by  t h e   m e t h o d   d e s c r i b e d   b e l o w  )   of  a t  

l e a s t   1  g / 5 s e c . ,   and  a  d e n s i t y   of  a t   l e a s t   4  g / c m 3 .  

E x t r u d a b i l i t y  :   One  k i l o g r a m   of  a  p u t t y - l i k e   c o m p o -  

s i t i o n   to  be  t e s t e d   i s   c h a r g e d   i n t o   a  g r e a s e   gun  c o m -  

p r i s i n g   a  c y l i n d e r   p o r t i o n   47  mm  in  i n n e r   d i a m e t e r ,   a  

c y l i n d r i c a l   n o z z l e   16  mm  in  i n n e r   d i a m e t e r   and  19  mm 

in  l e n g t h ,   and  a  t a p e r e d   p o r t i o n   12  mm  in  l e n g t h   j o i n i n g  

the   c y l i n d e r   p o r t i o n   and  the   c y l i n d r i c a l   n o z z l e ,   a n d  

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

b e i n g   c o r r e s p o n d i n g   to  one  t r i a n g u l a r   mark  d e f i n e d   i n  

J IS   B  0 6 0 1 - 1 9 7 6 .   P r e s s i n g   the   c o m p o s i t i o n   by  means  o f  



a  p i s t o n   w i t h   a  f o r c e   of  5  kg,  t he   a m o u n t   of  the   c o m p o -  

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

5  s e c o n d s   i s   m e a s u r e d ,   and  i s   e x p r e s s e d   as  e x t r u d a b i l i t y .  

A  c o m p o s i t i o n   h a v i n g   a  c o n s i s t e n c y   of  l e s s   t h a n   1  mm, 

or  h a v i n g   an  e x t r u d a b i l i t y   of  l e s s   t h a n   1  g / 5 s e c .   i s   s o  

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

s m a l l   o p e n i n g s .   On  the   o t h e r   h a n d ,   in  a  c o m p o t i o n   h a v i n g  

a  c o n s i s t e n c y   of  more  t h a n   35  mm  p r e c i p i t a t i o n   of  t h e  

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

and  makes   t he   d i s t r i b u t i o n   of  the   i n o r g a n i c   p o w d e r   in   t h e  

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

a  d e n s i t y   of  l e s s   t h a n   4  g /cm3  i s   p o o r   in   s h i e l d i n g   e f f e c t  

f o r   r a d i a t i o n s ,   e s p e c i a l l y   x - r a y s   and  Y - r a y s .   T h e r e f o r e ,  

t he   p r e f e r a b l e   p u t t y - l i k e   c o m p o s i t i o n   of  t he   p r e s e n t  

i n v e n t i o n   has   a  c o n s i s t e n c y   of  f rom  3  mm  to  30  mm  a t   a  r o o m  

t e m p e r a t u r e ,   an  e x t r u d a b i l i t y   of  a t   l e a s t   5  g / 5 s e c . ,  

more  p r e f e r a b l y   10  g / 5 s e c . ,   and  a  d e n s i t y   of  a t   l e a s t  

6  g / c m 3 .   Those   can  be  c o n v e n i e n t l y   a p p l i e d   by  h a n d  

w o r k i n g   f o r   f i l l i n g   l a r g e   o p e n i n g s ,   and  a l s o   a p p l i e d  

by  u s i n g   an  u s u a l   g r e a s e   gun  f o r   f i l l i n g   s m a l l   o p e n i n g s .  

In  a d d i t i o n   to  the   a b o v e - m e n t i o n e d   b i n d e r   and  t h e  

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

i n v e n t i o n   may,  as  n e c e s s a r y ,   c o n t a i n   an  a p p r o p r i a t e  

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

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

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



and  o t h e r   a d d i t i v e s   o r d i n a r i l y   used   in  r u b b e r   or  p l a s t i c s ,  

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

a b o v e - m e n t i o n e d   a re   s a t i s f i e d .  

In  g e n e r a l ,   the   h i g h e r   t h e   c o n t e n t   of   an  i n o r g a n i c  

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

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

of  a  c o m p o s i t i o n   due  to  h i g h e r   c o n t e n t   of   an  i n o r g a n i c  

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

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

c o n t a i n   a  s m a l l   a m o u n t   of  a  f i b e r ,   s u c h   as  a s b e s t o s ,   r o c k  

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

l i k e   i n o r g a n i c   f i b e r s   and  p o l y a m i d e   f i b e r ,   f l u o r o r e s i n  

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

In  g e n e r a l ,   the   i n c o r p o r a t i o n   of  f i b e r   i m p r o v e s   t he   d i m e n -  

s i o n a l   s t a b i l i t y   of  the   p r e s e n t   p u t t y - l i k e   c o m p o s i t i o n  

a f t e r   a p p l i c a t i o n   at   an  o p e n i n g   r e q u i r i n g   r a d i a t i o n  

s h i e l d i n g ,   w h i l e   t e n d s   to  make  t h e  e x t r u d a b i l i t y   of  t h e  

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

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

E x a m p l e s   of  the   c o u p l i n g   a g e n t   a r e   s i l a n e   c o u p l i n g  

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

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

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

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

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

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



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

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

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

t i t a n a t e   and  l i k e   c o o r d i n a t e   t y p e s ,   d i i s o s t e a r o y l   o x y -  

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

l i k e   c h e l a t e   t y p e s .  

P r e f e r a b l e   a m c u n t   of  the   c o u p l i n g   a g e n t   to  be  u s e d  

f o r   i m p r o v i n g   e x t r u d a b i t L y   i s   f rom  0.1  to  20  p a r t s ,   m o r e  

p r e f e r a b l y   f rom  0 . 5   to  0   p a r t s   by  w e i g h t   pe r   100  p a r t s  

by  w e i g h t   of  t h e   b i n d e r   m e n t i o n e d   a b o v e .  

The  me thod   of  p r o d u c i n g   the   r a d i a t i o n   s h i e l d i n g  

p u t t y - l i k e   c o m p o s i t i o n   of  the   p r e s e n t   i n v e n t i o n   i s   n o t  

c r i t i c a l .   T h u s ,   f o r   i n s  a n c e ,   t he   c o m p o s i t i o n   can  b e  

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

in  t he   c o n v e n t i o n a l   manne r ,   f o r   e x a m p l e ,   a  k n e a d e r   or  r o l l .  

The  c o m p o s i t i o n   of  the  p r e s e n t   i n v e n t i o n ,   w h i c h  

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

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

e f f e c t   and ,   in  s p i t e  o f   i s   h i g h   d e n s i t y ,   has   good  f l u -  

i d i t y ,   and  most   of  the   p r ' f e r a b l e   e m b o d i m e n t s   of  t h e  

p r e s e n t   i n v e n t i o n   can  in  r a c t i c e   be  e x t r u d e d   by  m e a n s  

of  a  c o n v e n t i o n a l   g r e a s e   un.  T h e r e f o r e ,   i t   can  e a s i l y  

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

of  r a d i a t i o n   l e a k a g e .   F u  t h e r m o r e ,   s i n c e   the   c o m p o s i t i o n ,  

when  no t   i n c l u d i n g   a  c u r i n g   a g e n t ,   i s   n o n c u r i n g ,   a n y  

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



In  a d d i t i o n ,   once  a p p l i e d ,   t he   c o m p o s i t i o n   can  be  r e m o v e d  

e a s i l y   as  n e c e s s a r y .  

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

t h e   p r e s e n t   i n v e n t i o n ,   w i l l   i l l u s t r a t e   t he   i n v e n t i o n  

in  more  d e t a i l .   S i n c e   i t   i s   known  t h a t   t h e   r a d i a t i o n  

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

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

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

d e n s i t y   t h e r e o f .  

E x a m p l e s   1 - 9 ,   C o m p a r a t i v e   E x a m p l e s   1 - 5  

The  c o m p o s i t i o n   g i v e n   in  T a b l e   1  were   k n e a d e d  

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

l i k e   c o m p o s i t i o n s .   The  c o m p o s i t i o n s   of  t h e   i n v e n t i o n  

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

a m o u n t .   As  shown  in  T a b l e   2,  a l t h o u g h   i t   ha s   a  h i g h  

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

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

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

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

The  n o n h a r d e n i n g   p r o p e r t y   was  r e g a r d e d   as  good  i f  

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

t h a n   3 . 0   mm  a f t e r   s t a n d i n g   a t   room  t e m p e r a t u r e   f o r   1  m o n t h .  

The  i n i t i a l   c o n s i s t e n c y   was  m e a s u r e d   24  h o u r s   a f t e r  

p r e p a r a t i o n   of  t he   c o m p o s i t i o n   by  k n e a d i n g .  









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

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

a t   l e a s t   5 , 0 0 0   c . S t .   in  v i s c o s i t y   a t   25°C  to  a t   l e a s t  

100  in   u n w o r k e d   p e n e t r a t i o n   a t   25°C ,   and  1 , 2 0 0   to   4 , 0 0 0  

p a r t s   by  w e i g h t  ,   pe r   100  p a r t s   by  w e i g h t   of   t h e   s a i d  

b i n d e r ,   of   an  i n o r g a n i c   p o w d e r   h a v i n g   a  d e n s i t y  o f   a t  

l e a s t   5  g / cm3  and  a l s o   h a v i n g   a  p a r t i c l e   s i z e   s u c h   t h a t  

a t   l e a s t   95%  by  w e i g h t   t h e r e o f   p a s s e s   a  1 4 5 - m e s h   s i e v e ,  

and  t h e   s a i d  . c o m p o s i t i o n   b e i n g   f rom  1  to   35  mm  in  c o n s i s t -  

e n c y   and  a t   l e a s t   1  g / 5 s e c .   in   e x t r u d a b i l i t y ,   and  a t   l e a s t  

4  g / c m 3   in  d e n s i t y .  

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

of  c l a i m   1,  w h e r e i n   t h e   s a i d   b i n d e r   has   a  v i s c o s i t y   o f  

a t   l e a s t   105  c . S t .   a t   2 5 ° C .  

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

of  c l a i m   1,  w h e r e i n   t he   s a i d   i n o r g a n i c   p o w d e r   i s   l e a d  

p o w d e r   or  l e a d   o x i d e   p o w d e r .  

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

of  c l a i m   3,  w h e r e i n   t h e   s a i d   i n o r g a n i c   p o w d e r   i s   p o w d e r  

of  a  p u r e   l e a d   a t   l e a s t   99 .5%  by  w e i g h t   in  p u r i t y .  

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

of  c l a i m   3,  w h e r e i n   t he   s a i d   i n o r g a n i c   p o w d e r   i s   p o w d e r  

of  a  p u r e   l e a d   a t   l e a s t   99 .8%  by  w e i g h t   in  p u r i t y .  

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

of  c l a i m s   1  to  5,  w h e r e i n   t h e   s a i d   i n o r g a n i c   p o w d e r   h a s  



a  p a r t i c l e   s i z e   such   t h a t   a t   l e a s t   99%  by  w e i g h t   t h e r e o f  

p a s s e s   a  2 8 0 - m e s h   s i e v e .  

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

of  c l a i m s   1  to  5,  w h e r e i n   t h e   s a i d   i n o r g a n i c   p o w d e r   h a s  

a  p a r t i c l e   s i z e   s u c h   t h a t   a t   l e a s t   90%  by  w e i g h t   t h e r e o f  

p a s s e s   a  3 5 0 - m e s h   s i e v e .  

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

of  c l a i m s   1  to   5,  w h i c h   c o m p r i s e s   f rom  1 , 3 0 0   to   3 , 0 0 0  

p a r t s   by  w e i g h t   of  t he   s a i d   i n o r g a n i c   p o w d e r   p e r  1 0 0   p a r t s  

by  w e i g h t   o f  t h e   s a i d   b i n d e r .  

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

of  c l a i m   1,  w h i c h   i s   a t   l e a s t   5  g / 5 s e c .   in  e x t r u d a b i l i t y ,  

f rom  3  to  30  mm  in  c o n s i s t e n c y ,   and  a t   l e a s t   6  g /cm3  i n  

d e n s i t y .  
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