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©  METHOD  OF  AND  APPARATUS  FOR  TREATING  RADIOACTIVE  WASTE. 

©  The  invention  relates  to  treating  radioactive  waste 
consisting  chiefly  of  used  ion-exchange  resin.  The  ion- 
exchange  resin  adsorbs  water  to  swell.  It  has  therefore  been 
difficult  to  solidify  waste  maintaining  high  charging  ratio  and 
increased  strength.  According  to  this  invention,  ion- 
exchange  resin  is  carbonized  through  thermal  decomposi- 
tion,  and  a  hydrophobic  property  is  imparted  thereto.  The 
resin  is  then  solidified  after  removing  gas  that  is  adsorbed  by 
the  carbonized  resin. 
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T e c h n i c a l   F i e l d :  

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  p r o c e s s   f o r  

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

i o n   e x c h a n g e   r e s i n .   P a r t i c u l a r l y ,   t h e   i n v e n t i o n  r e -  

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

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

g e n e r a t e d   f rom  a  n u c l e a r   p o w e r   p l a n t .  

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

The  f o l l o w i n g   p a s s a g e s   a r e   g i v e n   in  a  t r e a t i s e  

e n t i t l e d   " V o l u m e - r e d u c t i o n   t r e a t m e n t   in   b u l k   in   a  n u -  

c l e a r   p o w e r   p l a n t :   g i v e n   on  p a g e s   770  to  774  of  J o u r n a l  

of   t h e   A t o m i c   E n e r g y   S o c i e t y   of  J a p a n ,   Vo l .   24,   NO.  10  

(1982)   ( p a r t i a l l y   m o d i f i e d   w i t h   r e s p e c t   to  t h e   o p e r a -  

t i o n   c o n d i t i o n s ,   e t c . ) :  

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

p l a n t s   a r e   e n c l o s e d   in   a  drum  and  k e p t   in   s t o r a g e  

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

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

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

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

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

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

e x a m p l e s   of   t h e m   w i l l   be  s h o w n :  



(1)  A n  a p p a r a t u s   in   w h i c h   a  c o n c e n t r a t e d   w a s t e  

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

r e s i n ,   w a s t e   o i l ,   e t c .   a r e   b u r n t   or  c a l c i n e d   i n   a  

f l u i d i z e d   bed   f u r n a c e   o p e r a t e d   ( a t   9 0 0 ° C ) .   A  b i n d e r  

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

d u c t   and   t h e   m i x t u r e   i s   p e l l e t i z e d   w i t h   a  p e l l e t i z -  

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

(2)  An  a p p a r a t u s   in   w h i c h   a  c o n c e n t r a t e d   l i q u i d   w a s t e ,  

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

d r i e d   and   p u l v e r i z e d   w i t h   a  c e n t r i f u g a l   t h i n - f i l m  

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

s o u r c e :   160°C)   and  t h e   o b t a i n e d   p o w d e r   i s   m i x e d  

w i t h   a  t h e r m o s e t t i n g   r e s i n   to   f o r m   a  h o m o g e n e o u s  

m i x t u r e ,   w h i c h   i s   p a c k e d   in   a  drum  and  s o l i d i f i e d .  

(3)  An  a p p a r a t u s   in   w h i c h   a  d r y   p o w d e r   o b t a i n e d   i n  

t h e   same  m a n n e r   as  in   (2)  i s   p e l l e t i z e d   w i t h   a  

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

The  p e l l e t s   may  be  p a c k e d   in   a  d rum  and  a  s o l i d i f y -  

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

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

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

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

p a r a t u s   so  as  to   r e d u c e   t h e   s i z e   of  t h e   a p p a r a t u s  

and  to   i m p r o v e   t h e   r e l i a b i l i t y   of  t h e   o p e r a t i o n . "  

T h o u g h   t h e   a b o v e - m e n t i o n e d   v o l u m e   r e d u c t i o n   a n d  



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

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

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

c a p a c i t y   of   t h e   a p p a r a t u s   and  a  s p e c i a l   means   a r e   n e -  

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

r e s i n   b e c a u s e   o f   i t s   p r o p e r t i e s .   Now,  t h e   d e s c r i p t i o n  

w i l l   be  made   on  t h e   p r o b l e m s   of  t h e   r e s p e c t i v e   a p p a -  

r a t u s e s   s t a t e d   a b o v e .   In  t h e   a p p a r a t u s   ( 1 ) ,   t h e   q u a n -  

t i t y   of   h e a t   g e n e r a t e d   a m o u n t s   t o  1 0 4   k c a l / k g   w h i c h   i s  

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

t h e   s p e n t  i o n  e x c h a n g e   r e s i n   i s   a  p l a s t i c .   T h e r e f o r e ,  

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

a t u r e   r u n a w a y   i n   t h e   f l u i d i z e d   bed   f u r n a c e .   I t   i s ,  

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

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

s u c h   as  i n f l a m m a b l e   s o l i d s .  

In  t h e   a p p a r a t u s   (2)  w h e r e i n   a  t h e r m o p l a s t i c  

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

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

be  o b t a i n e d   when  w a t e r   i s   c o n t a i n e d   t h e r e i n   e v e n   i n  

o n l y   a  s m a l l   a m o u n t .  

N a m e l y ,   when  t h e   s o l i d i f i c a t i o n   i s   e f f e c t e d   i n  

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

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

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



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

i t   i s ,   i . e .   in   l i q u i d   f o r m .  

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

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

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

T h u s ,   when  t h e   m i x t u r e   o f   t h e   s p e n t   i o n   e x c h a n g e  

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

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

h a v i n g   a  h i g h   t o u g h n e s s   c a n n o t   be  o b t a i n e d .   U n d e r  

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

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

s t r i c t l y   by  d e t e r m i n a t i o n   w i t h   a  m o i s t u r e   m e t e r   s u c h  

as  a  n e u t r o n   m o i s t u r e   m e t e r .   In   t h e   a p p a r a t u s   ( 3 ) ,  

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

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

r e s i n   a b s o r b s   w a t e r   to   c h a n g e   i t s   v o l u m e .   To  p r e v e n t  

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

t a n k   i s   c o n t r o l l e d .   When  t h e   d r y   p o w d e r   or   p e l l e t s   o f  

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

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

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

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

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

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

T h e r e f o r e ,   when  t h e   h y d r a u l i c   s o l i d i f y i n g   a g e n t   or   t h e  



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

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

to   be  p a c k e d   i n   an  o r d i n a r y   2 0 0  ¿   d rum  i s   o n l y   1 /3   t o  

1 /2   of  t h a t   t r e a t e d   in   t h e   a p p a r a t u s   (2)  (110  kg  of   t h e  

r e s i n   can   be  p a c k e d   i n   t h e   2 0 0  £   drum)  d i s a d v a n t a n e o u s l y .  

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

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

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

t h e   i o n   e x c h a n g e   r e s i n .  

D i s c l o s u r e   of   I n v e n t i o n :  

A n  o b j e c t   o f   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  p r o c e s s   and  an  a p p a r a t u s   f o r   t r e a t i n g   a  r a d i o a c t i v e  

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

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

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

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

The  f i r s t   c h a r a c t e r i s t i c   f e a t u r e   of   t h e   p r e s e n t  

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

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

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

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

s p e n t   r e s i n ,   c a r b o n i z i n g   t h e   r a d i o a c t i v e   w a s t e ,   d e g a s -  

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

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

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



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

r a d i o a c t i v e   w a s t e ,  c o m p r i s i n g   m a i n l y   a  s p e n t   i on   e x -  

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

d e v i c e   f o r   h e a t i n g   t h e   r a d i o a c t i v e   w a s t e   to   c a r b o n i z e  

t h e   same,   a  w a s t e   gas   t r e a t i n g   d e v i c e   f o r   d i s c h a r g i n g  

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

a n d  t r e a t i n g   s a i d   g a s ,  a   d e g a s s i n g   means   f o r   d e g a s s i n g  

t h e  c a r b o n i z e d   r a d i o a c t i v e   w a s t e   to   r e m o v e   a  gas  a d -  

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

t h e   d e g a s s e d   r e d i o a c t i v e   w a s t e .  

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

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

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

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

d e v i c e   f o r   h e a t i n g   t h e   r a d i o a c t i v e   w a s t e   to   c a r b o n i z e  

t h e   same,   a  w a s t e   gas   t r e a t i n g   d e v i c e   f o r   d i s c h a r g i n g  

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

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

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

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

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

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

w a s t e .  

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

c h a r a c t e r i s t i c   c o n s t i t u t i o n   e x h i b i t s   an  e f f e c t   o f  



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

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

l i d i f y i n g   i t   in   an  e a s y   m a n n e r   to   o b t a i n   a  s o l i d   h a v i n g  

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

B r i e f   D e s c r i p t i o n   o f   D r a w i n g s :  

F i g .   1  i s   a  f l o w   s h e e t   of   t h e   e f f e c t i v e   t h e r m a l  

d e c o m p o s i t i o n / s o l i d i f i c a t i o n   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 .   F i g .   2  shows   a  s k e l e t o n   of  t h e   i o n   e x c h a n g e  

r e s i n .   F i g .   3  shows   r e s u l t s   of   t h e r m o g r a v i m e t r i c   a n a l -  

y s i s   of  t h e   i o n   e x c h a n g e   r e s i n   in   a i r .   F i g .  4   s h o w s  

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

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

s p h e r e   in   t h e   t h e r m a l   d e c o m p o s i t i o n .   F i g .   5  s h o w s  

r e s u l t s   of  t h e r m o g r a v i m e t r i c   a n a l y s i s   of   an  a n i o n   e x -  

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

s p h e r e   in   t h e   t h e r m a l   d e c o m p o s i t i o n .   F i g .   6  s h o w s  

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

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

w a t e r .   F i g .   7  shows   m i c r o s c o p i c a l l y   t h e   p h e n o m e n a  

w h i c h   o c c u r   when  s a i d   two  r e s i n s   a r e   i m m e r s e d   in   w a t e r .  

F i g .   8  shows  r e l a t i o n s h i p s   b e t w e e n   t h e   q u a n t i t y   of   t h e  

a d s o r b e d   gas   r e m a i n i n g   in   t h e   c a r b o n i z e d   r e s i n   and   t h e  

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

q u a n t i t y  a n d   t h e   a m o u n t   of  t h e   c h a r g e d   c a r b o n i z e d  

r e s i n .   F i g .   9  shows   t h e   d e g a s s i n g   r a t e   of   t h e  



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

an  a l k a l i   s i l i c a t e   s o l u t i o n .   F i g .   10  shows   t h e   d e g a s s -  

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

e r s e d   in  an  a l k a l i   s i l i c a t e   s o l u t i o n .   F i g .   11  s h o w s  

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

e x c h a n g e   r e s i n   i m m e r s e d   in   w a t e r .   F i g .   12  shows   t h e  

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

f o r m s   i m m e r s e d   in   w a t e r .   F i g .   13  i s   a  s e c t i o n a l   v i e w  

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

s e n t   i n v e n t i o n .   F i g .   14  i s   a  s e c t i o n a l   v i e w   of  a  

s o l i d i f i e d   p r o d u c t   p r e p a r e d   by  a  c o n v e n t i o n a l   p r o c e s s .  

F i g .   15  i s   a n o t h e r   f l o w   s h e e t   of   t h e   e f f e c t i v e   t h e r m a l  

d e c o m p o s i t i o n / s o l i d i f i c a t i o n   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 .   F i g .   16  i s   s t i l l   a n o t h e r   e f f e c t i v e   f l o w  

s h e e t   of  e f f e c t i n g   t h e   p r e s e n t   i n v e n t i o n .   F i g .   1 7  

shows   c h a n g e s   in   s t r e n g t h   of  d ry   i o n   e x c h a n g e   r e s i n  

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

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

B e s t   Mode  f o r   C a r r y i n g   Out  t h e   I n v e n t i o n :  

F i r s t ,   t h e   d e s c r i p t i o n   w i l l   be  made  on  t h e   f u n -  

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

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

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

p e r a t u r e   of   120  to   3 5 0 ° C ,   p r e f e r a b l y   200  to   300°C  a n d  

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



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

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

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

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

c o m p o s i t i o n ,   t h e   e x p a n s i o n   or   s h r i n k a g e   due   t o   w a t e r  

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

s e r v e d   b e f o r e   t h e   c a r b o n i z a t i o n   d i s a p p e a r s   a n d ,  

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

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

f o r   t h e   f o l l o w i n g   r e a s o n s :   The  e l a s t i c ,   r e t i c u l a r  

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

c u l a r   s t r u c t u r e   s u c h   as  t h a t   of   g r a p h i t e   and   t h e  

w a t e r - a b s o r b i n g   i on   e x c h a n g e   g r o u p s   d i s a p p e a r   a n d ,  

t h e r e f o r e ,  n e i t h e r   e x p a n s i o n   n o r   s h r i n k a g e   d o e s  

o c c u r .   At  t h e   same  t i m e ,   t h e   h y d r o p h i l i c   i o n  

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

c a r b o n ,   w h i c h   a d s o r b s   g a s e s   s u c h   as  a i r .  

The  p r e s e n t   i n v e n t i o n   w i l l   now  be  d e s c r i b e d   i n  

more   d e t a i l .  

The  c a t i o n   e x c h a n g e   r e s i n   has   a  p o l y m e r   b a s e  

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

d i v i n y l b e n z e n e  h a v i n g   a  s u l f o n i c  

a c i d   g r o u p   (S03H)  b o n d e d   t h e r e t o   as  t h e   i o n   e x c h a n g e  

g r o u p .   T h i s   c o m p o u n d   has   a  c r o s s l i n k e d ,   t h r e e -  

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



a  m o l e c u l a r   f o r m u l a   o f   ( C 1 6 H 1 5 O 3 S ) n :  

The  a n i o n   e x c h a n g e   r e s i n   has   t h e   same  p o l y m e r  

b a s e   as  t h a t   of   t h e   a b o v e - m e n t i o n e d   c a t i o n   e x c h a n g e  

r e s i n   b u t   i t   has   a  q u a t e r n a r y   ammonium  g r o u p   (NR3OH) 

b o n d e d   t h e r e t o   as  t h e   i o n   e x c h a n g e   g r o u p .   T h i s   c o m -  

p o u n d   h a s   t h e   m o l e c u l a r   f o r m u l a   of  ( C 2 0 H 2 6 O N ) n  a n d  

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



Now,  t h e   d e s c r i p t i o n   w i l l   be  made  on  t h e   b o n d  

e n e r g i e s   b e t w e e n   t h e   r e s p e c t i v e   c o m p o n e n t s   of  t h e   i o n  

e x c h a n g e   r e s i n .   F i g .   2  s h o w s   a  s k e l e t a l   s t r u c t u r e  

of   t h e   c a t i o n   e x c h a n g e   r e s i n .   The  s k e l e t a l   s t r u c t u r e  

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

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

f rom  e a c h   o t h e r .  

The  e n e r g i e s   of  t h e   b o n d s   1,  2,  3  a n d  4   in   F i g .  

2  a r e   shown  in   T a b l e   1 .  



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

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

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

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

t h e   b e n z e n e   r i n g   m o i e t y   i s   d e c o m p o s e d .  

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

(TGA)  of  t h e   i o n   e x c h a n g e   r e s i n   e f f e c t e d   w i t h   a  

d i f f e r e n t i a l   t h e r m a l   b a l a n c e   in   a i r   a r e   shown  i n  

F i g .   3.  A  w e i g h t   l o s s   due   to   t h e   e v a p o r a t i o n   o f  

w a t e r   o c c u r r i n g   a t   70  t o   110°C  i s   n o t   s h o w n .   T h e  

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

a n i o n   e x c h a n g e   r e s i n   and  t h e   b r o k e n   l i n e   shows   t h a t  

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

t e m p e r a t u r e s   of   t h e   b o n d e d   m o i e t i e s   shown  in   F i g .   3 

a r e   shown  in  T a b l e   2 .  



I t   i s   a p p a r e n t   f rom  T a b l e   2  t h a t   t h e   q u a t e r n a r y  

ammonium  g r o u p -  ( i o n   e x c h a n g e   g r o u p )   of  t h e  a n i o n  

e x c h a n g e   r e s i n   i s   d e c o m p o s e d   f i r s t   a t   130  to   1 9 0 ° C ,  

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

350°C  or  h i g h e r ,   and   f i n a l l y   t h e   b e n z e n e   r i n g   m o i e t y  

i s   d e c o m p o s e d   a t   380°C  or   h i g h e r .   In  t h e   t h e r m a l  

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

s u l f o n i c   a c i d   g r o u p   ( i o n   e x c h a n g e   g r o u p )   i s   d e c o m -  

p o s e d   a t   200  to   3 0 0 ° C ,   t h e n   t h e   s t r a i g h t - c h a i n  

m o i e t y ,   and  f i n a l l y   t h e   b e n z e n e   r i n g   m o i e t y  a r e  

d e c o m p o s e d   in   t h e   same  m a n n e r   as  in   t h e   a n i o n   e x -  

c h a n g e   r e s i n .  

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

d e p e n d i n g   on  t h e   p r e s e n c e   or  a b s e n c e   of  o x y g e n .  

F i g s .   4  and  5  show  r e s u l t s   of   t h e r m o g r a v i m e t r i c  

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



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

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

and   i n   an  o x y g e n - f r e e   n i t r o g e n   a t m o s p h e r e   ( t h e  

r e s u l t s   shown  in  F i g .   3  w e r e   o b t a i n e d   when  o x y g e n   w a s  

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

v a l e n t ) .   In  F i g .   4  s h o w i n g   t h e   r e s u l t s   o b t a i n e d   b y  

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

r e s i n ,   t h e   s o l i d   l i n e   s h o w s   t h o s e   o b t a i n e d   i n   a n  

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

a n d   t h e   b r o k e n   l i n e   shows   t h o s e   o b t a i n e d   i n   a  n i t r o g e n  

a t m o s p h e r e . .   I t   w i l l   be  u n d e r s t o o d   t h a t   a  m a j o r   p a r t  

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

w h i c h   r e q u i r e s   o x y g e n   and  w h i c h   i s   e x o t h e r m i c .   On 

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

a c i d   g r o u p )   i s   t h e r m a l l y   d e c o m p o s e d   a t   200  to   3 0 0 ° C  

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

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

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

t i o n   i s   n o t   e x o t h e r m i c .  

F i g .   5  shows   t h e   d a t a   o b t a i n e d   by  t h e   t h e r m a l  

d e c o m p o s i t i o n   of  t h e   a n i o n   e x c h a n g e   r e s i n .   T h e  

s o l i d   and  b r o k e n   l i n e s   show  t h e   d a t a   o b t a i n e d   i n   t h e  

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

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

F i g .   4.  I t   has   t h u s   b e e n   f o u n d   t h a t   t h e   i o n   e x c h a n g e  



g r o u p   ( q u a t e r n a r y   ammonium  g r o u p )   of  t h e   a n i o n   e x -  

c h a n g e   r e s i n   i s   d e c o m p o s e d   a t   130  to   190°C  e v e n   i n  

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

t i v e l y   d e c o m p o s e d   by  o x y g e n   a t   350  to   480°C  t o  

g e n e r a t e   h e a t   l i k e   t h e   c a t i o n i c   e x c h a n g e   r e s i n .  

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

c o m p o s i t i o n   s u g g e s t   t h a t   t h o u g h   t h e   i o n   e x c h a n g e  

g r o u p   i n   t h e   i o n   e x c h a n g e   r e s i n   can   be  d e c o m p o s e d  

n o n - e x o t h e r m a l l y   in   an  i n e r t   gas   a t m o s p h e r e   s u c h   a s  

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

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

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

w h i c h   t h e   i on   e x c h a n g e   g r o u p   has   b e e n   d e c o m p o s e d   w e r e  

e x a m i n e d .   The  e x p e r i m e n t s   w e r e   made  on  t h e   a d s o r p -  

t i o n   o f   w a t e r   and  s w e l l i n g   due  to   t h i s   a d s o r p t i o n  

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

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

shown  in   F i g .   6.  In   t h e s e   e x p e r i m e n t s ,   d r y   g r a n u l a r  

i o n   e x c h a n g e   r e s i n   and   g r a n u l a r   i on   e x c h a n g e   r e s i n  

t h e r m a l l y . d e c o m p o s e d   a t   600°C  ( h e r e i n a f t e r   r e f e r r e d  

to   as  c a r b o n i z e d   r e s i n )   w e r e   u s e d   and  d e g r e e s   o f  

s w e l l i n g   of  them  w i t h   w a t e r   w e r e   m e a s u r e d .   When  t h e  

d r y   i o n   e x c h a n g e   r e s i n   was  i m m e r s e d   in   w a t e r ,   i t s  

v o l u m e   was  i m m e d i a t e l y   i n c r e a s e d   a b o u t   3 - f o l d s .   On 

t h e   o t h e r   h a n d ,   when  t h e   c a r b o n i z e d   r e s i n   was  i m m e r s e d  



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

r e d u c e d   to   t h e   i n i t i a l   one   by  d e g a s s i n g .  

T h u s ,   t h e   p h e n o m e n o n   o b s e r v e d   when  t h e   d r y   i o n  

e x c h a n g e   r e s i n   was  i m m e r s e d   i n   w a t e r   was  d i f f e r e n t  

f rom  t h a t   of  t h e   c a r b o n i z e d   r e s i n .   The  p h e n o m e n a  

and   t h e   m e c h a n i s m s   t h e r e o f   of   b o t h   r e s i n s   a r e   s h o w n  

in   F i g .   7.  The  p h e n o m e n o n   o b s e r v e d   when  t h e   d r y   i o n  

e x c h a n g e   r e s i n   i s   i m m e r s e d   i n   w a t e r   i s   s w e l l i n g   a n d  

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

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

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

s t y r e n e / d i v i n y l b e n z e n e   c o p o l y m e r .   The  i o n   e x c h a n g e  

g r o u p   has   a  h i g h   p o l a r i z a b i l i t y .   T h i s   i s   a  m a i n  

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

p o l a r i t y .   The  a d s o r b e d   w a t e r   p e n e t r a t e s   t h e r e i n  

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

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

w h e r e b y   t h e   i o n   e x c h a n g e   r e s i n   i s   s w o l l e n   t o   i n c r e a s e  

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

r e s i n   h a v i n g   an  a v e r a g e   g r a n u l a r   d i a m e t e r   of   400  µm 

in  a  d r y   s t a t e   i s   s w o l l e n   to   an  a v e r a g e   g r a n u l a r  

d i a m e t e r   of  450  t o   600  µm  ( t h e   v o l u m e   r a t i o :   1 . 2   t o  

3)  ( t h e   d e g r e e   of   t h e   v o l u m e   i n c r e a s e   w h i c h   v a r i e s  

d e p e n d i n g   on  t h e   i o n   b o n d e d   w i t h   t h e   i o n   e x c h a n g e  

g r o u p   i s   g e n e r a l l y   as  f o l l o w s :   H   >  a l k a l i   m e t a l  >  



a l k a l i n e   e a r t h   m e t a l   and  t r a n s i t i o n   m e t a l ) .   I t   i s  

to   b e  n o t e d   h e r e i n   t h a t   t h e   i o n   e x c h a n g e   r e s i n   i s  

s w o l l e n   f o r   t h e   f o l l o w i n g   two  r e a s o n s :   one  i s   t h a t  

t h e   i o n   e x c h a n g e   g r o u p   h a v i n g   a  h i g h   p o l a r i z a b i l i t y  

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

b a s e   has   an  e l a s t i c   r e t i c u l a t e   s t r u c t u r e .   N a m e l y ,  

e v e n   a  r e s i n   c o m p r i s i n g   a  p o l y m e r   b a s e   h a v i n g   no  i o n  

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

a b o u t   1 . 2 - f o l d .   H o w e v e r ,   t h i s   p h e n o m e n o n   i s   n o t  

o b s e r v e d   in   t h e   c a r b o n i z e d   r e s i n .   N a m e l y ,   t h e  

g r a n u l e   d i a m e t e r   of   t h e   r e s i n   i s   r e d u c e d   by  t h e  

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

v o l u m e   of  t h e   c a r b o n i z e d   r e s i n   i s   l / 2   of  t h e   d r y  

r e s i n .   C o n s e q u e n t l y ,   t h e   p r o p e r t i e s   of   p o r e s   o f   u p  

to   a b o u t   7  A  of  t h e   i o n   e x c h a n g e   r e s i n   a p p e a r .   M o r e  

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

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

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

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

t i o n   of  w a t e r   in   t h e   p o r e s   and  f a c i l i t a t e s   t h e   a d s o r p -  

t i o n   of  a  gas   s u c h   as  a i r .   H o w e v e r ,   t h e   gas   s u c h   a s  

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

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

of   w a t e r   w h e n ,   f o r   e x a m p l e ,   i t   i s   i m m e r s e d   in   w a t e r .  

T h i s   i s   t h e   d e g a s s i n g   p h e n o m e n o n .   B e c a u s e   of  t h i s  



p h e n o m e n o n ,   t h e   c a r b o n i z e d   r e s i n   seems   as  i f   i t   i s  

s w o l l e n .   S i n c e   t h e   c a r b o n i z e d   r e s i n   has   a  d e n s e  

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

e v e n   by  a d s o r p t i o n   o f   w a t e r ,   u n l i k e   o r d i n a r y   p o l y m e r  

b a s e s .   T h i s   f a c t   i s   s u p p o r t e d   by  t h e   f a c t   t h a t   t h e  

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

150  h  ( a b o u t   6  d a y s )   as   shown  in   F i g .   6 .  

The  a b o v e - d e s c r i b e d   p r o p e r t i e s   of   t h e   c a r b o n i z e d  

r e s i n   w e r e   n o t   known  p r i o r   t o   t h e   p r e s e n t   i n v e n t i o n .  

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

a t   a  t e m p e r a t u r e   in   t h e   r a n g e   of   200  t o  6 0 0 ° C   ( a b o v e  

-  120°C)   has   p r o p e r t i e s   u t t e r l y   d i f f e r e n t   f r o m   t h o s e  

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

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

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

a t e   s t o r a g e   of  t h e   w a s t e   can   be  f a c i l i t a t e d   w i t h o u t  

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

c o n t r o l ,   e t c .   S i n c e   t h e   c a r b o n i z e d   r e s i n   o r   i t s  

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

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

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

has  a  h i g h   s t r e n g t h .  

As  a  r e s u l t ,   a  s t r i c t   c o n t r o l   of  w a t e r   and  i t s  

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

w h e r e i n   t h e   n o n - c a r b o n i z e d   i o n   e x c h a n g e   r e s i n   i s  



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

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

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

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

s t r e n g t h   c a n n o t   be  o b t a i n e d   u n l e s s   t h e   d e g a s s i n g   i s  

e f f e c t e d   as  w i l l   be  d e s c r i b e d   w i t h   r e f e r e n c e   to  F i g .  

8 .  

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

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

n i z e d   r e s i n   by  i m m e r s i n g   i t   in   a  s o l i d i f y i n g   a g e n t  

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

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

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

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

w i t h   r e f e r e n c e   to   an  e x a m p l e   w h e r e i n   t h e   c a r b o n i z e d  

g r a n u l a r   i on   e x c h a n g e   r e s i n   i s   s o l i d i f i e d   h o m o g e n e -  

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

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

The  c a r b o n i z e d   r e s i n   was  i m m e r s e d   in   t h e   a l k a l i  

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

h a r d e n i n g   a g e n t   was  a d d e d   t h e r e t o   to   s o l i d i f y   t h e  

s a m e .   The  r e l a t i o n s h i p s   b e t w e e n   t h e   r e s i d u e   of  t h e  

a d s o r b e d   gas   and  t h e   s t r e n g t h   of  t h e   s o l i d i f i e d   p r o -  

d u c t   and  b e t w e e n   t h e   f o r m e r   and  t h e   f e e d   a m o u n t   a r e  

shown  in   F i g .   8.  The  t e m p e r a t u r e   in  t h i s   s t e p   w a s  



25°C  and  t h e   r e l a t i v e   a m o u n t s   of   t h e   c a r b o n i z e d  

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

w e r e   40  w t . % ,   4 0  w t . %   and  20  w t . % ,   r e s p e c t i v e l y .  

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

p o l y p h o s p h a t e   b u t   any   weak  a c i d   may  be  u s e d .  

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

as  s o d i u m   p h o s p h a t e   and  a l k a l i n e   e a r t h   m e t a l   s a l t s  

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

d e t a i l s ,   s e e   t h e   s p e c i f i c a t i o n   of   J a p a n e s e   P a t e n t  

L a i d - O p e n   No.  1 9 7 5 0 0 / 1 9 8 2 ) .  

The  a m o u n t   of   t h e   gas   a d s o r b e d   in   t h e   c a r b o -  

n i z e d   r e s i n   was  2 . 1   c c / g   p r i o r   to   t h e   d e g a s s i n g  

s t e p .  

A c c o r d i n g   t o   F i g .   8,  t h e   u n i a x i a l   c o m p r e s s i o n  

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

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

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

r e s i d u e   of  t h e   a d s o r b e d   gas   i n c r e a s e s .   T h i s   c o r r e s -  

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

gas   d e s o r b e d  f r o m   t h e   c a r b o n i z e d   r e s i n .   F u r t h e r ,  

i t   i s   a p p a r e n t   t h a t   t h e   r e d u c t i o n   in   t h e   u n i a x i a l  

c o m p r e s s i o n   s t r e n g t h   i s   due  t o   t h e   b u b b l e s .   T o  

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

150  kg /cm2  w h i c h   i s   a  m e a s u r e   f o r   o c e a n   d u m p i n g ,   t h e  

r e s i d u e   of  t h e   a d s o r b e d   gas   s h o u l d   be  c o n t r o l l e d   t o  



up  to   59%.  A l s o ,   to   p a c k   t h e   w a s t e   in   an  a m o u n t   o f  

a t   l e a s t   110  kg  in   a  2 0 0  1   d r u m ,   t h e   r e s i d u e   of  t h e  

a d s o r b e d   gas   s h o u l d   be  c o n t r o l l e d   to   up  to   50%.  

A  r e a s o n   why  t h e   a d s o r b e d   gas   r e m a i n i n g   in  an  a m o u n t  

of   up  to   50%  d o e s   n o t   e x e r t   an  i n f l u e n c e   on  t h e  

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

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

r e l e a s e   t h e   gas   and  t o   f o r m   t h e   b u b b l e s .   N a m e l y ,   a  

p a r t   of   t h e   a d s o r b e d   gas   i s   n o t   r e l e a s e d   as  t h e  

b u b b l e s   e v e n   by  i m m e r s i o n   in   w a t e r   or  t h e   l i k e .  

T h u s ,   t h e   r e l e a s e   of  50%  of   t h e   gas   f rom  t h e   c a r b o -  

n i z e d   r e s i n   i s   s u f f i c i e n t .   The  i m m e r s i o n   t i m e   o f  

t h e   c a r b o n i z e d   r e s i n   i n   t h e   a l k a l i   s i l i c a t e   s o l u t i o n  

n e c e s s a r y   f o r   t h e   50%  r e l e a s e   was  d e t e r m i n e d .   T h e  

r e s i d u e   of  t h e   a d s o r b e d   gas   o b s e r v e d   a f t e r   t h e   i m m e r -  

s i o n   in   t h e   a l k a l i   s i l i c a t e   s o l u t i o n   i s   shown  i n  

F i g .   9.  The  i m m e r s i o n   was  e f f e c t e d   u n d e r   t h r e e  

d i f f e r e n t   c o n d i t i o n s ,   i . e .   w i t h o u t   s t i r r i n g ,   u n d e r  

s t i r r i n g   and  u n d e r   b o t h   s t i r r i n g   and  h e a t i n g .   I n  

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

r e d u c e d   w i t h   t i m e .   The  r e d u c t i o n   r a t e   of  t h e   q u a n t i t y  

of   t h e   gas   was  as  f o l l o w s :   ( w i t h o u t   s t i r r i n g )   < 

( u n d e r   s t i r r i n g )   <  ( u n d e r   b o t h   s t i r r i n g   and  h e a t i n g ) .  

The  r e s i d u e   was  r e d u c e d   t o   50%  or  b e l o w   w h i c h   s a t i s -  

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



a m o u n t   and   s t r e n g t h   w i t h i n   2  h  in   t h e   c a s e s   of  " u n d e r  

s t i r r i n g "   and  " u n d e r   b o t h   s t i r r i n g   and  h e a t i n g "   a n d  

in   3  h  i n   t h e   c a s e   of   " w i t h o u t   s t i r r i n g " .   T h e  

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

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

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

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

i s   as  f o l l o w s :   When  t h e   i m m e r s i o n   i s   e f f e c t e d   w i t h -  

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

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

a d s o r p t i o n   of  w a t e r   i n   t h e   c a r b o n i z e d   r e s i n   t o   i n -  

h i b i t   t h e   r e l e a s e   o f   t h e   g a s .   When  t h e   i m m e r s i o n   i s  

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

n i z e d   r e s i n   i s   r e m o v e d   to   a c c e l e r a t e   t h e   r e l e a s e   o f  

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

s i t r r i n g   and  h e a t i n g ,   t h e   r e l e a s e   of   t h e   gas   i s  

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

i n t o   w a t e r   v a p o r   and   t h e   r a t e   t h e r e o f   to  d i f f u s e  

i n t o   t h e   c a r b o n i z e d   r e s i n   i s   i n c r e a s e d .  

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

t h e   c a r b o n i z e d   r e s i n   i s   i m m e r s e d   in   t h e   a l k a l i   s i l i -  

c a t e   s o l u t i o n ,   a t   l e a s t   50%  of   t h e   gas   a d s o r b e d  

t h e r e i n   c an   be  r e l e a s e d   in   3  h.  The  t r e a t e d   r e s i n  

can   be  s o l i d i f i e d   w i t h   t h e   h a r d e n i n g   a g e n t   to   f o r m  

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



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

can   be  s h o r t e n e d   by  s t i r r i n g   or  h e a t i n g .  

The  c a r b o n i z e d ,   p o w d e r y   ion   e x c h a n g e   r e s i n   a n d  

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

c a r b o n i z e d   r e s i n   can   a l s o   be  d e g a s s e d   in   t h e   s a m e  

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

c a r b o n i z e d   g r a n u l a r   i o n   e x c h a n g e   r e s i n .  

The  r e s u l t s   of   t h e   d e g a s s i n g   a r e   shown  in  F i g .  

10.   T h i s   d e g a s s i n g   p r o c e s s   was  e f f e c t e d   a t   25°C  a n d  

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

a b o u t   3 0  . p m . .   T h e  p e l l e t s   w e r e   c o l u m n a r   and   had  b o t h  

h e i g h t   and  d i a m e t e r   of  a b o u t   20  mm.  To  r e d u c e   t h e  

r e s i d u e   of   t h e   a d s o r b e d   gas   in   t h e   p e l l e t s   to  50% 

or  l e s s ,   t h e   t r e a t m e n t   t i m e   of   a b o u t   4  h  i s   n e c e s -  

s a r y .   The  c a r b o n i z e d ,   p o w d e r y   i on   e x c h a n g e   r e s i n  

can   be  d e g a s s e d   in   a  p e r i o d   of   t i m e   s h o r t e r   t h a n  

t h a t   r e q u i r e d   f o r   t h e   d e g a s s i n g   of  t h e   c a r b o n i z e d ,  

g r a n u l a r   i o n   e x c h a n g e   r e s i n .   The  p e l l e t s   c a n n o t   b e  

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

c a s e s .   The  r e s i d u e   of  a d s o r b e d   gas  in   t h e   p e l l e t s  

can   b e  r e d u c e d   to   20%  or  l e s s   by  v a c u u m   s u c t i o n   o f  

t h e   gas   a d s o r b e d   t h e r e i n   and  t h e n   i n t r o d u c i n g   a  

m i x t u r e   of  t h e   a l k a l i   s i l i c a t e   s o l u t i o n   and  t h e  

h a r d e n i n g   a g e n t   t h e r e i n   a n d ,   t h u s ,   t h e   i n t e n d e d  

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



a  h i g h   s t r e n g t h   c an   be  o b t a i n e d .  

.  T h u s ,   t h e   a d s o r v e d   gas   in   t h e   c a r b o n i z e d   p o w d e r y  

and   g r a n u l a r   i o n   e x c h a n g e   r e s i n s   can   be  r e l e a s e d   b y  

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

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

l a r g e   f e e d   a m o u n t   and   a  h i g h   s t r e n g t h   c an   be  o b t a i n e d .  

The  p e l l e t s   c an   be  d e g a s s e d   by  t h e   v a c u u m   d e g a s s i n g  

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

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

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

When  t h e   a l k a l i   s i l i c a t e   s o l u t i o n   u s e d   i n   t h e  

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

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

o b t a i n e d .   E m b o d i m e n t s   of   t h e   t r e a t m e n t   w i t h   t h e   c e -  

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

be  g i v e n .   P o r t l a n d   c e m e n t   i s   u s e d   u s u a l l y   as  t h e   c e -  

m e n t ,   w h i c h   c an   be  h a r d e n e d   by  m i x i n g   w i t h   w a t e r .  

S i n c e   c e m e n t   i s   i n   t h e   f o r m   of   a  p o w d e r ,   t h e   c a r b o n -  

i z e d   r e s i n   i s   i m m e r s e d   p r e v i o u s l y   i n   w a t e r   to   r e l e a s e  

t h e   gas   f r o m   t h e   r e s i n .   F i g .   11  shows   a  c h a n g e   of   t h e  

r e s i d u e   of  t h e   a d s o r b e d   gas   i n   t h e   c a r b o n i z e d   g r a n u l a r  

i o n   e x c h a n g e   r e s i n   w i t h   t i m e .   In  t h i s   t e s t ,   t h e   e x -  

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

d i t i o n s ,   i . e .   w i t h o u t   s t i r r i n g ,   u n d e r   s t i r r i n g   a n d  

u n d e r   b o t h   s t i r r i n g   and  h e a t i n g ,   in   t h e   same  m a n n e r  



as  in   F i g .   9.  The  t i m e   r e q u i r e d   f o r   t h e   d e g a s s i n g   w a s  

s h o r t e r   t h a n   t h a t   r e q u i r e d   when  t h e   a l k a l i   s i l i c a t e  

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

t h e   a d s o r b e d   gas  was  r e d u c e d   to   50%  or  l e s s   in   2  h .  

The  c e m e n t   is   a d d e d   to   t h e   d e g a s s e d   c a r b o n i z e d   r e s i n  

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

When  40  p a r t s   by  w e i g h t   o f   t h e   c a r b o n i z e d   r e s i n   i s  

d e g a s s e d   by  i m m e r s i o n   in   20  p a r t s   by  w e i g h t   of   w a t e r  

and   t h e n   40  p a r t s   by  w e i g h t   of  c e m e n t   i s   a d d e d   t h e r e -  

t o ,   t h e   r e s u l t i n g   s o l i d i f i e d   p r o d u c t   c o m p r i s e s   40  w t . %  

of   t h e   c e m e n t ,   20  wt .%  of   w a t e r   and  40  wt .%  of   t h e  

c a r b o n i z e d   r e s i n .   The  r e l a t i o n s   b e t w e e n   t h e   r e s i d u e  

of   t h e   a d s o r b e d   gas   in   t h e   c a r b o n i z e d   r e s i n   and  t h e  

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

d u c t   and  b e t w e e n   t h e   f o r m e r   and  t h e   f e e d   a m o u n t   of  t h e  

o b t a i n e d   s o l i d i f i e d   p r o d u c t   a r e   t h e   same  as  in   F i g .   8 .  

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

and  a  h i g h   s t r e n g t h   can   be  o b t a i n e d   a l s o   when  t h e   c e -  

m e n t   i s   u s e d .  

When  t h e   c a r b o n i z e d   g r a n u l a r   i on   e x c h a n g e   r e s i n  

to   be  s o l i d i f i e d   w i t h   c e m e n t   in   t h i s   e m b o d i m e n t   i s  

r e p l a c e d   w i t h   t h e   c a r b o n i z e d   p o w d e r y   i on   e x c h a n g e   r e s i n  

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

t h o s e   o b t a i n e d   as  a b o v e   can   be  o b t a i n e d .   F i g .   12 

s h o w s   t h e   d e g a s s i n g   r a t e s   of   t h e   c a r b o n i z e d   r e s i n s   a n d  



t h e   p e l l e t s   d e t e r m i n e d   a t   2 5 ° C .   As  c o m p a r e d   w i t h   t h e  

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

p o w d e r y  i o n   e x c h a n g e   r e s i n   c a n   be  d e g a s s e d   by  i m m e r -  

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

f o r   r e d u c i n g   t h e   r e s i d u e   o f   t h e   a d s o r b e d   gas   i n   t h e  

p e l l e t s   was  a b o u t   3  h.  H o w e v e r ,   t h e   d e g a s s i n g   c a n n o t  

be  e f f e c t e d   s u f f i c i e n t l y   by  t h e   mere   s t i r r i n g   i n   s o m e  

c a s e s .   T h e r e f o r e ,   i t   i s  d e s i r a b l e   to   r e l e a s e   t h e   g a s  

a d s o r b e d   in   t h e   c a r b o n i z e d   r e s i n   by  vacuum  s u c t i o n  

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

and  w a t e r .   B y  t h i s   p r o c e s s ,   t h e   r e s i d u e   of   t h e  

a d s o r b e d   gas   in   t h e   c a r b o n i z e d   r e s i n   can  be  r e d u c e d  

to   20%  or   l e s s   and  t h e   s o l i d i f i e d   p r o d u c t   h a v i n g   a  

l a r g e   f e e d   a m o u n t   and  a  h i g h   s t r e n g t h   can  be  o b t a i n e d .  

As  d e s c r i b e d   a b o v e ,   t h e   p r o d u c t   s o l i d i f i e d   w i t h  

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

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

i o n   e x c h a n g e   r e s i n   by  c a r b o n i z i n g   t h e   same  and  i m m e r s -  

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

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

w i t h   c e m e n t   and  h a v i n g   a  l a r g e   f e e d   amoun t   and  a  h i g h  

s t r e n g t h   c a n   be  o b t a i n e d   f r o m   t h e   p e l l e t s   by  e f f e c -  

t i v e l y   d e g a s s i n g   t h e   same  by  v a c u u m   s u c t i o n .  

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

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



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

d e r y   h a r d e n i n g   a g e n t ,   t h e   same  e f f e c t s   as  t h o s e   of  t h e  

c e m e n t   can   be  o b t a i n e d ,   s i n c e   s a i d   s o l i d i f y i n g   a g e n t  

i s   a l s o   a  h y d r a u l i c   s u b s t a n c e   w h i c h   can  b e  h a r d e n e d   b y  

w a t e r .  

The  p r e s e n t   i n v e n t i o n   w i l l   now  be  i l l u s t r a t e d   w i t h  

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

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

[ E x a m p l e   1 ]  

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

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

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

w h i c h   was  t h e n   m i x e d   w i t h   an  a l k a l i   s i l i c a t e   as  s o l i d -  

i f y i n g   a g e n t   to   s o l i d i f y   t h e   same.   A  f l o w   s h e e t   o f  

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

in   F i g .   1 .  

The  s p e n t   p o w d e r y   i o n   e x c h a n g e   r e s i n   ( h e r e i n -  

a f t e r   r e f e r r e d   to   as  p o w d e r y   r e s i n )   51  was  in   t h e  

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

d e n s a t e   d e m i n e r a l i z e r   by  b a c k   w a s h i n g .   The  p o w d e r y  

r e s i n   51  was  s t o r e d   i n   a  w a s t e   r e s i n   t a n k   52.  T h e  

p o w d e r y   r e s i n   51  in   t h e   f o r m   of  a b o u t   10%  s l u r r y   w a s  

f e d   i n t o   a  d e h y d r a t o r   54  t h r o u g h   a  v a l v e   53  a n d  

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

of  a r o u n d   5 0 % . .   T h e n ,   a  g i v e n   a m o u n t   ( a b o u t   200  k g  



on  t h e   d r y   w e i g h t   b a s i s )   of   t h e   d e h y d r a t e d   p o w d e r y  

r e s i n   51  was  f ed   i n   a  t h e r m a l   d e c o m p o s i t i o n   d e v i c e  

t h r o u g h   a  k n i f e   g a t e   v a l v e   55.   The  t h e r m a l   d e c o m p o s i -  

t i o n   d e v i c e   c o m p r i s e d   a  r e a c t o r   56  of   a  b a t c h w i s e  

f i x e d   bed   s y s t e m   h a v i n g   a  c a p a c i t y   of   a b o u t   1  m3  a n d  

a  h e a t e r   57 .   The  p o w d e r y   r e s i n   51  f e d   i n   t h e   r e a c t o r  

56  was  h e a t e d   to   300°C  by  means   of   t h e   h e a t e r   57  f o r  

a b o u t   4  h  t o   f o r m   a  c a r b o n i z e d   r e s i n   5 8 .  

An  i n e r t   gas   s u c h   as  n i t r o g e n   gas  was  f e d   i n  

t h e   r e a c t o r   56  t h r o u g h   an  i n e r t   gas   i n l e t   t u b e   8.0  a n d  

a  v a l v e   81  to   c a r r y   o u t   t h e r m a l   d e c o m p o s i t i o n   o f   t h e  

i o n   e x c h a n g e   r e s i n   in   t h e   i n e r t   g a s .   T h e r e f o r e ,  

e v e n   when  t h e   h e a t i n g   t e m p e r a t u r e   of  t h e   i o n   e x c h a n g e  

r e s i n   i s   e l e v a t e d   to   a r o u n d   6 0 0 ° C ,   t h e   i o n   e x c h a n g e  

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

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

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

F i g s .   4  and   5 ) .   T h u s ,   no  d e v i c e   i s   r e q u i r e d   f o r   p r e -  

v e n t i n g   t h e   h e a t   g e n e r a t i o n   due  to   t h e   b u r n i n g   o r  

r u n a w a y   of   t h e   t e m p e r a t u r e .   A  w a s t e   gas  c o m p r i s i n g  

w a t e r   f r o m   t h e   p o w d e r y   r e s i n   as  w e l l   as  H2S,  S O x ,  

NH3,  e t c .   f o r m e d   by  t h e   d e c o m p o s i t i o n   of  t h e   i o n  

e x c h a n g e   g r o u p   was  f o r m e d   in   t h e   c o u r s e   of  t h e   t h e r -  

mal   d e c o m p o s i t i o n .   The  w a s t e   gas  was  i n t r o d u c e d   i n  

a  w a s t e   gas   t r e a t i n g   d e v i c e   60  t h r o u g h   a  v a l v e   5 9  



and  t r e a t e d   t h e r e i n .   On  t h e   o t h e r   h a n d ,   t h e   c a r b o -  

n i z e d   r e s i n   58  was  f e d   i n t o   a  d rum  62  t h r o u g h   a  k n i f e  

g a t e   v a l v e   61.  The  a m o u n t   of  t h e   c a r b o n i z e d   r e s i n  

58  was  as  s m a l l   as  a b o u t   120  kg ,   w h i l e   t h e   a m o u n t   o f  

t h e   i n i t i a l   p o w d e r y   r e s i n   was  200  kg  (on  t h e   d r y  

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

c a r b o n i z e d   r e s i n   58  p a c k e d   in   t h e   drum  62  was  l o w e r e d  

to   1 0 0 ° C   or  l e s s ,   72  kg  of  w a t e r   was  f ed   in   t h e   d r u m  

62  f r o m   a  s u p p l y   w a t e r   t a n k   63  to   i n i t i a t e   d e g a s s i n g  

of  t h e   c a r b o n i z e d   r e s i n .   In  t h i s   s t a g e ,   t h e   m i x t u r e  

was  s t i r r e d   by  means   of  s t i r r i n g   b l a d e s   64  so  as  t o  

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

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

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

65  and   a  p o w d e r y   i n o r g a n i c   p h o s p h o r i c   a c i d   c o m p o u n d  

was  f e d   t h r o u g h   a  h a r d e n e r   h o p p e r   66  in   s u c h   a m o u n t s  

t h a t   t h e   t o t a l   of   t hem  w o u l d   be  108  kg.   The  c a r b o -  

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

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

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

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

f o r   one   m o n t h   and  i t s   p r o p e r t i e s   w e r e   e x a m i n e d .  

T h e  r e s u l t s   w e r e   as  shown  b e l o w .   F i g .   13  s h o w s   a  

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

and  an  e n l a r g e d   s e c t i o n a l   v i e w   t h e r e o f .   I t   i s  



a p p a r e n t   f rom  F i g .   13  t h a t   t h e   c a r b o n i z e d   r e s i n   5 8  

was  d i s p e r s e d   q u i t e   h o m o g e n e o u s l y   in   t h e   s o l i d i f i e r  

67  and  no  b u b b l e   was  o b s e r v e d   in  t h e   s o l i d i f i e d   p r o -  

d u c t   o w i n g   to   t h e   d e g a s s i n g   e f f e c t .   The  o b t a i n e d  

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

l e a s t   150  k g / c m 2 .   I t   was  u n d e r s t o o d   f r o m   t h e   r e s u l t s  

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

s o l i d i f i e d   p r o d u c t   as  shown  in   F i g .   13  c o u l d   b e  

o b t a i n e d   by  h o m o g e n e o u s l y   m i x i n g   120  kg  of   t h e   c a r b o -  

n i z e d   r e s i n   w i t h   180  kg  of   t h e   a l k a l i   s i l i c a t e  

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

200  l  d r u m .  

A  s o l i d i f i e d   p r o d u c t   was  p r e p a r e d   in   t h e   a p p a r a -  

t u s   shown  in   F i g .   1  i n   t h e   same  m a n n e r   as  a b o v e   e x c e p t  

t h a t   t h e   d e f o a m i n g   s t e p   was  o m i t t e d .   When  120  kg  o f  

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

180  kg  of  t h e   s o l i d i f i e r   in   t h e   200  A  d rum  in   t h i s  

c a s e ,   t h e   s o l i d i f i e d   p r o d u c t   was  s w o l l e n   in   t h e  

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

t h e  d r u m .   T h e n ,   t h e   same  p r o c e d u r e   as  a b o v e   w a s  

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

r e s i n   and  s o l i d i f i e r   w e r e   r e d u c e d   to  60  kg  and  90  k g ,  

r e s p e c t i v e l y   and  t h e y   w e r e   m i x e d   t o g e t h e r   h o m o g e n e -  

o u s l y   in   t h e   2 0 0  l ,   drum  to   o b t a i n   a  s o l i d i f i e d   p r o -  

d u c t   shown  in  F i g .   14.  N a m e l y ,   i t   was  f o u n d   t h a t  



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

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

b u b b l e s   68  in   a d d i t i o n   to   t h e   c a r b o n i z e d   r e s i n   58 

and  t h e   s o l i d i f i e r   67.  The  s o l i d i f i e d   p r o d u c t   h a d  

a  u n i a x i a l   c o m p r e s s i o n   s t r e n g t h   of  as  low  as  50  k g /  

c m 2 .  

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

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

d e g a s s i n g   s t e p   was  o m i t t e d :  

(1)  In  c a s e   t h e   d e g a s s i n g   t r e a t m e n t   was  e f f e c t e d ,  

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

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

c o m p r e s s i o n   s t r e n g t h   of   a t   l e a s t   150  k g / c m 2   and  t h e  

f e e d   a m o u n t   of   t h e   c a r b o n i z e d   r e s i n   in   t h e   200  A 

drum  was  a t   l e a s t   120  kg  ( a t   l e a s t   200  kg  on  t h e   d r y  

b a s i s   in   t e r m s   of   t h e   n o n - d e c o m p o s e d   p o w d e r y   r e s i n ) .  

(2)  On  t h e   c o n t r a r y ,   in   c a s e   t h e   d e g a s s i n g   t r e a t m e n t  

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

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

of   a r o u n d   50  k g / c m 2   and  t h e   f e e d   a m o u n t   of  t h e   c a r b o -  

n i z e d   r e s i n   in   t h e   2 0 0  l   d rum  was  a r o u n d   60  k g .  

[ E x a m p l e   2 ]  

In  t h i s   e x a m p l e ,   t h e   p o w d e r y   r e s i n   was  t h e r m a l l y  

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

a l k a l i   s i l i c a t e   by  a  s o l i d i f y i n g   p r o c e s s   and  in   a  



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

u s e d   in   E x a m p l e   1.  A  f l o w   s h e e t   of   t h e   t r e a t m e n t  

s y s t e m   e m p l o y e d   in   t h i s   e x a m p l e   i s   g i v e n   i n   F i g .   1 5 .  

The  p o w d e r y   r e s i n   51  in   t h e   w a s t e   r e s i n   t a n k   5 2  

was  f e d   q u a n t i t a t i v e l y   i n   t h e   f o r m   of   a b o u t   10% 

s l u r r y   i n   a  t h e r m a l   d e c o m p o s i t i o n   d e v i c e   70  t h r o u g h  

a  s l u r r y   pump  69.  The  t h e r m a l   d e c o m p o s i t i o n   d e v i c e  

70  was  a  r o t a r y   k i l n   of  c o n t i n u o u s   t r e a t m e n t   t y p e   i n  

w h i c h   t h e   t e m p e r a t u r e   was  k e p t   a t   200  t o   4 0 0 ° C .   T h e  

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

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

c a r b o n i z e d   r e s i n   58.   An  i n e r t   gas   s u c h   as  n i t r o g e n  

gas   was  f e d   in   t h e   t h e r m a l   d e c o m p o s i t i o n   d e v i c e   7 0  

t h r o u g h   t h e   i n e r t   gas   i n l e t . t u b e   80  and  t h e  v a l v e  

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

t h e   i o n   e x c h a n g e   r e s i n   i n   t h e   i n e r t   g a s .   The  w a s t e  

gas   f o r m e d   in   t h i s   s t e p   was  s e n t   t o   t h e   w a s t e   g a s  

t r e a t i n g   d e v i c e   60  t h r o u g h   t h e   v a l v e   59  and  t r e a t e d  

t h e r e i n   i n   t h e   same  m a n n e r   as  i n   E x a m p l e   1.  T h e  

o b t a i n e d   c a r b o n i z e d   r e s i n   58  was  s t o r e d   t e m p o r a r i l y  

i n   a  p o w d e r   h o p p e r   71.  T h e r e a f t e r ,   a  g i v e n   a m o u n t  

(600  kg)  of  t h e   c a r b o n i z e d   r e s i n   58  was  f e d   f r o m   t h e  

p o w d e r   h o p p e r   71  i n t o   a  k n e a d e r   72  and ,   a t   t h e   s a m e  

t i m e ,   400  kg  of   a  l i q u i d   a l k a l i   s i l i c a t e   c o n t a i n i n g  

no  h a r d e n e r   was  f e d   t h e r e i n   as  t h e   h a r d e n e r   f r o m   a  



h a r d e n e r   t a n k   73.   The  d e g a s s i n g   was  e f f e c t e d   in  t h e  

b l e n d e r   72.  In  t h i s   s t e p ,   t h e   d e g a s s i n g   was  a c c e l e -  

r a t e d   by  s t i r r i n g   w i t h   t h e   s t i r r i n g  b l a d e s   64  and  b y  

v i b r a t i o n   w i t h   an  u l t r a s o n i c   v i b r a t o r   74  a t t a c h e d   t o  

t h e   b l e n d e r   72,   s i n c e   a  l o n g e r   t i m e   i s   r e q u i r e d   f o r  

t h e   d e g a s s i n g   of   t h e   l i q u i d   a l k a l i   s i l i c a t e   t h a n   t h a t  

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

in   a b o u t   2  h.  T h e n ,   200  kg  of   a  p o w d e r y   i n o r g a n i c  

p h o s p h o r i c   c o m p o u n d   was  f ed   f r o m   t h e   h a r d e n e r   h o p p e r  

66  i n t o   t h e   b l e n d e r   72  to  mix  t h e   same  w i t h   t h e   m i x -  

t u r e   of  t h e   c a r b o n i z e d   r e s i n   58  and  t h e   a l k a l i   s i l i -  

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

a b o u t   300  kg  of   t h e   o b t a i n e d   m i x t u r e   was  p o u r e d   i n  

e a c h   drum  62  to   o b t a i n   a  s o l i d i f i e d   p r o d u c t .  

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

t a i n e d   no  b u b b l e s   and  had  a  u n i a x i a l   c o m p r e s s i o n  

s t r e n g t h   of  a t   l e a s t   150  k g / c m 2   as  in   E x a m p l e   1 .  

The  f e e d   a m o u n t   o f   t h e   c a r b o n i z e d   r e s i n   in  a  2 0 0  i  

drum  was  120  k g .  

I t   i s   a p p a r e n t   f r o m   E x a m p l e s   1  and  2  t h a t   t h e  

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

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

as  a  f i x e d   bed   f u r n a n c e   or  a  r o t a r y   k i l n   m u l t i s t a g e  

f u r n a c e ,   t h a t   t h e   c a r b o n i z e d   r e s i n   may  be  m i x e d   w i t h  

t h e   s o l i d i f i e r   by  e i t h e r   t h e   i n - d r u m   m e t h o d   as  i n  



E x a m p l e   1  or  o u t - d r u m   m e t h o d   as  in   E x a m p l e   2  a n d  

t h a t   t h e   d e g a s s i n g   may  be  e f f e c t e d   by  mere   s t a n d i n g ,  

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

a  c o m b i n a t i o n   of  some  of   t h e m .   T h u s ,   in   t h e   c o n -  

s t r u c t i o n   of   t h e   t r e a t m e n t   a p p a r a t u s ,   any  c o m b i n a t i o n  

of  t h e   d e c o m p o s i t i o n   d e v i c e ,   m e a n s   of  m i x i n g   t h e  

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

means   may  be  e m p l o y e d .   T h o u g h   t h e   p o w d e r y   i o n   e x -  

c h a n g e   r e s i n   was  t r e a t e d   in   E x a m p l e s   1  and  2,  a  

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

t h e   same  m a n n e r   as  a b o v e .  

[ E x a m p l e   3 ]  

In  t h i s   e x a m p l e ,   a  g r a n u l a r   i on   e x c h a n g e   r e s i n  

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

a  d r a i n a g e   p u r i f i e r   in   a  p r e s s u r i z e d   w a t e r   r e a c t o r  

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

w h i c h   was  t h e n   p e l l e t i z e d   and  t h e   p e l l e t s   w e r e   s o l i -  

d i f i e d   w i t h   an  a l k a l i   s i l i c a t e   s o l i d i f i e r   in   a  d r u m .  

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

t h i s   e x a m p l e   i s   g i v e n   in   F i g .   1 6 .  

The  s p e n t   g r a n u l a r   r e s i n   76  f rom  t h e   w a s t e   r e s i n  

t a n k   51  was  d e h y d r a t e d   c e n t r i f u g a l l y   in   t h e   d e h y -  

d r a t o r   54  in   t h e   same  m a n n e r   as  in   E x a m p l e   1  and  t h e n  

fed   i n t o   t h e   r e a c t o r   56  and  h e a t e d   to  300°C  w i t h  t h e  

h e a t e r   57  f o r   a b o u t   4  h  to   f o rm  t h e   c a r b o n i z e d   r e s i n  



5 8 .  

An  i n e r t   gas   s u c h   as  n i t r o g e n   gas   was  f e d   i n  

t h e   r e a c t o r   56  t h r o u g h   t h e   i n e r t   gas   i n l e t   t u b e   80  

and   t h e   v a l v e   81  to   c a r r y   o u t   t h e r m a l   d e c o m p o s i t i o n  

of   t h e   i o n   e x c h a n g e   r e s i n   in   t h e   i n e r t ' g a s .   T h e  

c a r b o n i z e d   r e s i n   58  was  f e d   i n t o   a  p o w d e r   m i x e r   77  

t h r o u g h   t h e   k n i f e   g a t e   v a l v e   61.  A  b i n d e r   79  w a s  

a d d e d   t h e r e t o   i n   an  a m o u n t   of   a b o u t   20  kg  f o r   1 0 0  

kg  o f   t h e   c a r b o n i z e d   r e s i n   t h r o u g h   a  b i n d e r   h o p p e r  

78.   The  b i n d e r   79  was  u s e d   f o r   i m p r o v i n g   t h e   t o u g h -  

n e s s   of   t h e   p e l l e t s   p r e p a r e d   in   a  g r a n u l a t o r   8 0 a .  

The  b i n d e r   u s e d   in   t h i s   e x a m p l e   was  a  c e l l u l o s e   f i b e r  

h a v i n g   a  t h i c k n e s s   of  a b o u t   10  µm  and  a  l e n g t h   o f  

a b o u t   300  µm.  S i m i l a r   e f f e c t s   can   be  o b t a i n e d   w h e n  

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

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

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

u s e d   as   an  a d h e s i v e   i s   u s e d .   A  h o m o g e n e o u s   m i x t u r e  

of   t h e   c a r b o n i z e d   r e s i n   58  and  t h e   b i n d e r   79  p r e p a r e d  

in   t h e   p o w d e r   m i x e r   77  was  f e d   i n t o   t h e   g r a n u l a t o r  

80a  t h r o u g h   t h e   k n i f e   g a t e   v a l v e   81.  The  g r a n u l a t o r  

80a  h e r e i n   u s e d   was  an  o r d i n a r y   t a b u l e t i n g   m a c h i n e   i n  

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

p r e s s u r e   of  a b o u t   5  t o n / c m 2 .   The  m i x t u r e   of  t h e  

c a r b o n i z e d   r e s i n   and  t h e   b i n d e r   was  s h a p e d   i n t o  



c o l u m n a r   p e l l e t s   82  h a v i n g   b o t h   h e i g h t   and   d i a m e t e r  

o f   a b o u t   20  mm  in   t h e   g r a n u l a t o r  8 0 a  a n d   t h e   p e l l e t s  

82  w e r e   f e d   i n t o   t h e   drum  62  t h r o u g h   a  c h u t e   83 .   T h e  

d rum  62  was  p l a c e d   in   a  v a c u u m   h o u s i n g   84.  A f t e r  

c o n f i r m i n g   t h a t   t h e   drum  62  was  f i l l e d   w i t h   t h e   p e l -  

l e t s   82 ,   t h e   h o u s i n g   84  was  e v a c u a t e d   w i t h   a  v a c u u m  

pump  85.   A f t e r   c o m p l e t i o n   of   t h e   v a c u u m   d e f o a m i n g  

of   t h e   c a r b o n i z e d   r e s i n ,   80  kg  of  a  m i x t u r e   of   a n  

a l k a l i   s i l i c a t e   s o l i d i f i e r   and  an  i n o r g a n i c   p h o s -  

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

f e e d i n g   t a n k   i n t o   t h e   drum  62  t h r o u g h   a  v a l v e   8 7  

w h i l e   t h e   v a c u u m   c o n d i t i o n   was  k e p t   to   o b t a i n   a  

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

T h e n ,   t h e   p r e s s u r e   in   t h e   v a c u u m   h o u s i n g   84  w a s  

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

88  and  t h e   drum  62  was  t a k e n   o u t   and  l e f t  t o   s t a n d  

t o   e f f e c t   c u r i n g .   A f t e r   a b o u t   one  m o n t h ,   t h e   p r o -  

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

t h a t   t h e   g a p s   b e t w e e n   t h e   p e l l e t s   w e r e   e n t i r e l y  

f i l l e d   up  w i t h   t h e   s o l i d i f i e r   and  no  b u b b l e s   w e r e  

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

u n i a x i a l   c o m p r e s s i o n   s t r e n g t h   of  a t   l e a s t   150  k g / c m 2 .  

The  c a r b o n i z e d   r e s i n   w h i c h   was  c o m p r e s s i o n - m o l d e d  

i n t o   t h e   p e l l e t s   82  as  d e s c r i b e d   a b o v e   c o u l d   b e   f e e d  

i n   an  a m o u n t   of  up  to   150  kg  in   t h e   200  l  d r u m .  



The  t a b l e t i n g   m a c h i n e   u s e d   in  t h i s   e x a m p l e   m a y  

be  r e p l a c e d   w i t h   a  b r i q u e t t i n g   m a c h i n e   or   e x t r u d e r .  

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

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

p e l l e t s   82  may  be  t r e a t e d   by  a n o t h e r   m e t h o d   w h e r e i n  

t h e y   a r e   s t o r e d   in   a  l a r g e   t a n k   as  s u c h   f o r   a  g i v e n  

p e r i o d   of   t i m e   ( u s u a l l y   5  to   10  y e a r s )   to   d e c a y   t h e  

r a d i o a c t i v i t y   b e f o r e   s o l i d i f i e d   in   t h e   drum  or   t h e  

l i k e ,   i f   n e c e s s a r y .   T h i s   m e t h o d   is   g e n e r a l l y   c a l l e d  

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

be  s t a t e d   b e l o w .  

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

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

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

s t o r a g e ,   s i n c e   t h e   r e s i n   has   a  h i g h   h y g r o s c o p i c i t y .  

On  t h e   c o n t r a r y ,   t h e   c a r b o n i z e d   r e s i n   f rom  w h i c h   t h e  

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

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

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

s t o r a t e ,   s i n c e   t h e   c a r b o n i z e d   r e s i n   is   h y d r o p h o b i c  

as  d e s c r i b e d   a b o v e .   T h i s   e f f e c t   i s   q u i t e   a d v a n t a g e -  

o u s .   In  F i g .   17,  t h e   t o u g h n e s s   of  t h e   p e l l e t s   of  t h e  

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

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

c a r b o n i z e d   r e s i n .   I t   was  f o u n d   t h a t   t h e   t o u g h n e s s  



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

e v e n   a f t e r   t h e   s t o r a g e   f o r   10  y e a r s ,   w h i l e   t h a t   o f  

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

h a l v e d   a f t e r   t h e   s t o r a g e   f o r   a b o u t   2  y e a r s .   The  d a t a  

g i v e n   i n   F i g .   17  w e r e   t h o s e   o b t a i n e d   by  an  a b o u t  

1 0 - f o l d   a c c e l e r a t i o n   t e s t   c a r r i e d   o u t   u n d e r   s t o r a g e  

c o n d i t i o n s   c o m p r i s i n g   a  t e m p e r a t u r e   of  40°C  and   a  

h u m i d i t y   of  80%,  w h i l e   t h e   p r a c t i c a l   s t o r a g e   c o n d i -  

t i o n s   c o m p r i s e   a  t e m p e r a t u r e   of   20°C  and  a  h u m i d i t y  

o f   40%.  The  i n t e r m e d i a t e   s t o r a g e   p e r i o d   p l o t t e d   a s  

a b s c i s s a e   i s ,   t h e r e f o r e ,   an  e s t i m a t e .  

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

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

t h e   d rum  in  t h e   same  m a n n e r   as  in   t h e   a b o v e   e x a m p l e s ,  

an  a d d i t i o n a l   e f f e c t   can   be  o b t a i n e d   in   t h a t   t h e  

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

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

due  t o   t h e   d e c a y   of   t h e   r a d i o a c t i v i t y   in   t h e   c o u r s e  

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

The  a l k a l i   s i l i c a t e   u s e d   as  t h e   s o l i d i f i e r   i n  

t h e   a b o v e   E x a m p l e s   1  to   3  may  be  r e p l a c e d   w i t h   a  

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

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

u s i n g   t h e   a l k a l i   s i l i c a t e ,   h i g h - s u l f a t e   s l u g   c e m e n t ,  

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



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

in   E x a m p l e   1  w e r e   e x a m i n e d   to   o b t a i n   t h e   f o l l o w i n g  

r e s u l t s :   a l k a l i   s i l i c a t e  >   h i g h - s u l f a t e   s l u g   c e m e n t  

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

T h u s ,   t h e   a l k a l i   s i l i c a t e   p r o v e d   to   be  t h e   b e s t  

s o l i d i f i e r .  

The  h i g h - s u l f a t e   s l u g   c e m e n t ,   a l u m i n a   c e m e n t ,  

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

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

r e a c t i o n   w i t h   w a t e r .  



1.  A  p r o c e s s   f o r   t r e a t i n g   a  r a d i o a c t i v e   w a s t e  

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

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

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

e x c h a n g e   r e s i n   and  t o   c a r b o n i z e   t h e   r a d i o a c t i v e  

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

gas  a d s o r b e d   t h e r e i n   and  t h e n   s o l i d i f y i n g   t h e   r a d i o -  

a c t i v e   w a s t e .  

2.  A  p r o c e s s   f o r   t r e a t i n g   a  r a d i o a c t i v e   w a s t e  

a c c o r d i n g   to   C l a i m   1  c h a r a c t e r i z e d   i n   t h a t   t h e   t h e r -  

mal  d e c o m p o s i t i o n   i s   e f f e c t e d   i n   an  i n e r t   g a s .  

3.  A  p r o c e s s   f o r   t r e a t i n g   a  r a d i o a c t i v e   w a s t e  

a c c o r d i n g   to   C l a i m   1  c h a r a c t e r i z e d   in   t h a t   t h e   d e -  

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

w a s t e   in  a  l i q u i d .  

4.  A  p r o c e s s   f o r   t r e a t i n g   a  r a d i o a c t i v e   w a s t e  

a c c o r d i n g   to   C l a i m   3  c h a r a c t e r i z e d   in   t h a t   t h e  

l i q u i d   i s   w a t e r .  

5.  A  p r o c e s s   f o r   t r e a t i n g   a  r a d i o a c t i v e   w a s t e  

a c c o r d i n g   t o   C l a i m   4  c h a r a c t e r i z e d   in   t h a t   t h e   s o l i -  

d i f i c a t i o n   i s   e f f e c t e d   by  m i x i n g   s a i d   r a d i o a c t i v e  

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

s o l i d i f i e r .  

6.  A  p r o c e s s   f o r   t r e a t i n g   a  r a d i o a c t i v e   w a s t e  



a c c o r d i n g   t o   C l a i m   4  c h a r a c t e r i z e d   in   t h a t   t h e   s o l i -  

d i f i c a t i o n   i s   e f f e c t e d   by  m i x i n g   s a i d   r a d i o a c t i v e  

w a s t e ,   s a i d   w a t e r ,   a  p o w d e r y   a l k a l i   s i l i c a t e   and  a  

h a r d e n e r .  

7.  A  p r o c e s s   f o r   t r e a t i n g   a  r a d i o a c t i v e   w a s t e  

a c c o r d i n g   t o   C l a i m   3  c h a r a c t e r i z e d   in   t h a t   t h e   l i q u i d  

i s   an  a l k a l i   s i l i c a t e   s o l u t i o n .  

8.  A  p r o c e s s   f o r   t r e a t i n g   a  r a d i o a c t i v e   w a s t e  

a c c o r d i n g   to   C l a i m   7  c h a r a c t e r i z e d   in   t h a t   t h e   s o l i -  

d i f i c a t i o n   i s   e f f e c t e d   by  m i x i n g   s a i d   r a d i o a c t i v e  

w a s t e ,   s a i d   a l k a l i   s i l i c a t e   s o l u t i o n   and  a  h a r d e n e r .  

9.  A  p r o c e s s   f o r   t r e a t i n g   a  r a d i o a c t i v e   w a s t e  

a c c o r d i n g   t o   C l a i m   1  c h a r a c t e r i z e d   in   t h a t   t h e   d e -  

g a s s i n g   i s   e f f e c t e d   by  i n t r o d u c i n g   s a i d   r a d i o a c t i v e  

w a s t e   in  a  v a c u u m   h o u s i n g   and  e v a c u a t i n g   t h e   h o u s i n g  

by  s u c t i o n .  

10.   A  p r o c e s s   f o r   t r e a t i n g   a  r a d i o a c t i v e   w a s t e  

a c c o r d i n g   t o   C l a i m   9  c h a r a c t e r i z e d   in   t h a t   t h e   s o l i -  

d i f i c a t i o n   i s   e f f e c t e d   by  m i x i n g   s a i d   r a d i o a c t i v e  

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

f i e r .  

11.  A  p r o c e s s   f o r   t r e a t i n g   a  r a d i o a c t i v e   w a s t e  

a c c o r d i n g   t o   C l a i m   9  c h a r a c t e r i z e d   in   t h a t   t h e   s o 1 i -  

d i f i c a t i o n   i s   e f f e c t e d   by  m i x i n g  s a i d   r a d i o a c t i v e  

w a s t e ,   an  a l k a l i   s i l i c a t e   s o l u t i o n   and  a  h a r d e n e r .  



12.  A  p r o c e s s   f o r   t r e a t i n g   a  r a d i o a c t i v e   w a s t e  

a c c o r d i n g   t o   C l a i m   9  c h a r a c t e r i z e d   in   t h a t   t h e   s o l i -  

d i f i c a t i o n   i s   e f f e c t e d   by  m i x i n g   s a i d   r a d i o a c t i v e  

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

w a t e r .  

13.  A  p r o c e s s   f o r   t r e a t i n g   a  r a d i o a c t i v e   w a s t e  

a c c o r d i n g   t o   C l a i m   8  c h a r a c t e r i z e d   in   t h a t   t h e  

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

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

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

14.  A  p r o c e s s   f o r   t r e a t i n g   a  r a d i o a c t i v e   w a s t e  

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

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

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

e x c h a n g e   r e s i n   and  to   c a r b o n i z e   t h e   r a d i o a c t i v e  

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

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

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

15.  A  p r o c e s s   f o r   t r e a t i n g   a  r a d i o a c t i v e   w a s t e  

a c c o r d i n g   t o   C l a i m   14  c h a r a c t e r i z e d   in   t h a t   t h e  

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

16.  An  a p p a r a t u s   f o r   t r e a t i n g   a  r a d i o a c t i v e   w a s t e  

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

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

f o r   h e a t i n g   s a i d   r a d i o a c t i v e   w a s t e   to   c a r b o n i z e   i t ,  



an  e x h a u s t   gas   t r e a t i n g   d e v i c e   f o r   d i s c h a r g i n g   a  g a s  

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

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

f o r   r e m o v i n g   a  gas   a d s o r b e d   in   t h e   c a r b o n i z e d   r a d i o -  

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

r a d i o a c t i v e   w a s t e .  

17.   An  a p p a r a t u s   f o r   t r e a t i n g   a  r a d i o a c t i v e   w a s t e  

a c c o r d i n g   to   C l a i m   16  c h a r a c t e r i z e d   in   t h a t   t h e  

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

d e v i c e   f o r   f e e d i n g   an  i n e r t   gas   in   s a i d   d e v i c e .  

18.   An  a p p a r a t u s   f o r   t r e a t i n g   a  r a d i o a c t i v e   w a s t e  

a c c o r d i n g   to   C l a i m   16  c h a r a c t e r i z e d   in   t h a t   t h e  

d e g a s s i n g   means   has   a  v e s s e l   f o r   a  d e g a s s i n g   l i q u i d .  

19.   An  a p p a r a t u s   f o r   t r e a t i n g   a  r a d i o a c t i v e   w a s t e  

a c c o r d i n g   to  C l a i m   16  c h a r a c t e r i z e d   in   t h a t   t h e  

d e g a s s i n g   means   has   a  v a c u u m   h o u s i n g   f o r   t h e   v a c u u m  

d e g a s s i n g .  

20.  An  a p p a r a t u s   f o r   t r e a t i n g   a  r a d i o a c t i v e   w a s t e  

a c c o r d i n g   to  c l a i m   16  c h a r a c t e r i z e d   in   t h a t   t h e  

d e g a s s i n g   means   has   a  s o l i d i f i e r   f e e d i n g   d e v i c e   f o r  

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

r a d i o a c t i v e   w a s t e   i n t o   t h e   d e g a s s i n g   means   and  t h e  

s o l i d i f i c a t i o n   means   has   a  s o l i d i f i e r   f e e d i n g   d e v i c e  

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



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

21.   An  a p p a r a t u s   f o r   t r e a t i n g   a  r a d i o a c t i v e   w a s t e  

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

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

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

an  e x h a u s t   g a s   t r e a t i n g   d e v i c e   f o r   d i s c h a r g i n g   a  g a s  

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

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

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

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

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

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

r a d i o a c t i v e   w a s t e .  
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