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from  the  slurry  and  the  resulting  concentrate  is  mixed  with 
from  50  to  200%  by  weight  based  on  the  sodium  sulfate 
weight  of  a  destabilizing  compound  which  contains  a  metal 
which  forms  an  unstable  sulfate  and  from  5  to  20%  by  weight 
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T h i s   i n v e n t i o n   r e l a t e s   to  a  m e t h o d   of   i m m o b i l i z -  

ing   n u c l e a r   w a t e s .   Sodium  s u l f a t e   r a d w a s t e   s l u r r y   i s   t h e  

p r i m e   l i q u i d   w a s t e   g e n e r a t e d   from  b o i l i n g   w a t e r   r e a c t o r  

f a c i l i t i e s   w h i c h   u se   bead   r e s i n   c l e a n u p .   At  t h e   p r e s e n t  

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

a b o u t   25  wt .%  and  t h e n   i s   i m m o b i l i z e d   in   c e m e n t .   One  d r u m  

of  s l u r r y   g e n e r a t e s   a b o u t   t h r e e   d rums  of  f i n a l   s o l i d i f i e d  

w a s t e .   The  s o l i d i f i e d   w a s t e   i s   s h i p p e d   to   a  b u r i a l   s i t e   a t  

a  c o s t   t h a t   a p p r o a c h e s   $1000  f o r   t h e   t h r e e   d r u m s .   T h i s  

s i t u a t i o n   i s   c o n s i d e r e d   to  be  u n s a t i s f a c t o r y   i n   t h e   i n d u s -  

t r y   due   t o   t h e   h i g h   c o s t   i n v o l v e d .   A l s o ,   to   i m p r o v e   t h e  

p u b l i c   s a f e t y   and  t h e   i n d u s t r y ' s   image   i t   i s   d e s i r a b l e   t o  

i m m o b i l i z e   t h e   w a s t e   in   a  m a t e r i a l   w h i c h   h a s   a  l o w e r   l e a c h  

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

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

men t   m a t e r i a l ,   u n t i l   now  i t   has   n o t   b e e n   p o s s i b l e   t o  

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

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

p h a s e .  

U .S .   P a t e n t   S p e c i f i c a t i o n   No.  3 , 9 4 3 , 0 6 2   d i s c l o s e s  

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

s o d i u m   or   s o d i u m   c o m p o u n d s   by  c a l c i f y i n g   i n   a  f l u i d i z e d  

b e d .  

U .S .   P a t e n t   S p e c i f i c a t i o n   No.  4 , 0 2 8 , 2 6 5   d i s c l o s e s  

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

r a d i o a c t i v e   w a s t e   to   a  s t a b l e   form  by  t h e   a d d i t i o n   of   c l a y .  



A c c o r d i n g l y ,   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   a  

m e t h o d   of  i m m o b i l i z i n g   n u c l e a r   w a s t e   in   a n - a q u e o u s   s l u r r y  

c o n t a i n i n g   sod ium  s u l f a t e   c h a r a c t e r i z e d   by  e v a p o r a t i n g  

w a t e r   f rom  s a i d   s l u r r y   to   p r o d u c e   a  c o n c e n t r a t e ;   m i x i n g  

i n t o   s a i d   c o n c e n t r a t e   f r o m   a b o u t   50  to  200%  by  w e i g h t   b a s e d  

on  s o d i u m   s u l f a t e   w e i g h t   of   a  d e s t a b i l i z i n g   compound   of   a  

m e t a l   w h i c h   fo rms   an  u n s t a b l e   s u l f a t e ;   and  a b o u t   5  to  a b o u t  

20%  by  w e i g h t   b a s e d   on  t h e   t o t a l   w e i g h t   of  s a i d   s o d i u m  

s u l f a t e   and  s a i d   d e s t a b i l i z i n g   compound  of  a  r e d u c i n g  

a g e n t ;   h e a t i n g   at  f r o m   700  to  900°C  u n t i l  t h e   e v o l u t i o n   o f  

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

f o r m e r s   in   an  a m o u n t   o f   f rom  65  to   80%,  b a s e d   on  t o t a l  

w e i g h t ;   h e a t i n g   to  f r o m   1050  to   1200°C;   and  c o o l i n g   to   r o o m  

t e m p e r a t u r e .  

I t   h a s ,   t h e r e f o r e ,   now  b e e n   found   t h a t   s o d i u m  

s u l f a t e  r a d w a s t e   c an   be   i m m o b i l i z e d   in   g l a s s   i f   i t   i s   f i r s t  

t r e a t e d   to  remove  s u l f a t e .   S u l f a t e   r e m o v a l   r e q u i r e s   t h e  

f o l l o w i n g   two  c o n d i t i o n s   to   be  p r e s e n t :   (1)  an  u n s t a b l e  

( t o   t e m p e r a t u r e )   s u l f a t e   and  (2)  a  r e d u c i n g   a t m o s p h e r e   o r  

m a t r i x .   Sodium  s u l f a t e   of   i t s e l f   m e e t s   n e i t h e r   of  t h e s e  

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

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

on  t he   c a t i o n   p r e s e n t .   W h i l e   sod ium  s t a b i l i z e s   t h e   s u l -  

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

i t y .   T h e r e f o r e ,   by  a d d i n g   an  i r o n   compound  t o g e t h e r   w i t h   a  

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

r e q u i r e d   f o r   r e m o v i n g   s u l f a t e   can   be  met .   Once  the   s u l f a t e  

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

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

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

drum  of  s l u r r y   u s i n g   t h e   p r o c e s s   of  t h i s   i n v e n t i o n   f i l l s  

o n l y   a b o u t  a   t h i r d   o f   a  drum  r a t h e r   t h a n   the   t h r e e   d r u m s  

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

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

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

F u r t h e r m o r e ,   g l a s s   i m m o b i l i z e d  - w a s t e  h a s   a  - l o w e r  

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



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

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

c h a n c e   of  c o n t a m i n a t i o n   w i t h   t h e   e n v i r o n m e n t .  

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

any  ' s o d i u m   s u l f a t e   c o n t a i n i n g   a q u e o u s   s l u r r y .   The  i n v e n -  

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

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

b o t t o m s   of   a  b o i l i n g   w a t e r   r e a c t o r .   T h e s e   s l u r r i e s   a r e  

t y p i c a l l y   a b o u t   25%  ( a l l   p e r c e n t a g e s   h e r e i n   a re   by  w e i g h t )  

s o d i u m   s u l f a t e   ( b a s e d   on  s l u r r y   w e i g h t ) ,   a l t h o u g h   in  a c t u a l  

p r a c t i c e   t h e   sodium  s u l f a t e   c o n t e n t   can  v a r y   from  15  t o  

40%.  The  s l u r r y   may  a l s o   c o n t a i n   v a r i o u s   h y d r o x i d e ,  

n i t r a t e ,   and  b o r i c   c o m p o u n d s .   T h e s e   c o m p o u n d s   a re   n o t  

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

in   m a k i n g   a  good  q u a l i t y   g l a s s .   C e r t a i n   r e f r a c t o r y   t y p e  
e l e m e n t s   s u c h   as  a luminum,   z i r c o n i u m ,   t h o r i u m ,   and  the   r a r e  

e a r t h s ,   h o w e v e r ,   s h o u l d   be  l i m i t e d   to   l e s s   t h a n   a b o u t   5%  o f  

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

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

p o s s i b l e   e x c e p t i o n   of  f l u o r i d e ,   s h o u l d   be  a v o i d e d   in  e x c e s s  

of  1  or   2%  ( b a s e d   on  s l u r r y   s o l i d s )   as  t h e y   t e n d   to  form  a  

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

e x c l u d e d   f rom  t he   r e a c t o r   f l u i d   anyway  b e c a u s e   of  t h e i r  

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

c a r b o n a t e   compounds   may  a l s o   be  p r e s e n t ,   b u t   t h e y   a r e  

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

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

In  a  c o n v e n i e n t   e m b o d i m e n t   of  t h e   i n v e n t i o n   t h e  

w a t e r   in   t h e   sodium  s u l f a t e   s l u r r y   i s   e v a p o r a t e d   in   a  f i r s t  

s t e p   to   l e s s   t h a n   5%  ( b a s e d   on  t h e   t o t a l   s l u r r y   w e i g h t )   i n  

a  s t i r r e r   d r i e r   to  form  s o l i d   g r a n u l e s   or   p o w d e r .   T h e  

r e m o v a l   of   w a t e r   is  n e c e s s a r y   as  t h e   p r e s e n c e   of  too   m u c h  

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

w h i c h   means   t h a t   e s c a p i n g   s t e a m   b l o w s   t he   s o l i d s   ou t   of  t h e  

r e a c t i o n   v e s s e l .   T h e  e v a p o r a t i o n   of  t h e   w a t e r   can  b e  

a c c o m p l i s h e d   by  h e a t i n g   t h e   s l u r r y   to   150°C  f o r   as  l o n g   a s  

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



In  t h e   n e x t   s t e p ,   a  d e s t a b i l i z i n g   compound  and  a  

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

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

a g e n t   may  be  made  p r i o r   to   e v a p o r a t i o n   i f   d e s i r e d .   T h e  

r e a s o n   t h a t   s u l f a t e   m u s t   be  r e m o v e d   when  s o d i u m   is   p r e s e n t  

i s   t h a t   s o d i u m   s u l f a t e   m e l t s ' w i t h o u t   d e c o m p o s i n g   a t   t e m p e r -  

a t u r e s   n e a r   880°C  and  t h e   r e s u l t i n g   l i q u i d   i s   n o n - m i s c i b l e  

w i t h   a  t y p i c a l   g l a s s   m e l t .   G l a s s   i m m o b i l i z a t i o n   of  r a d i o -  

a c t i v e   w a s t e   r e q u i r e s   t h e   r a d i o n u c l i d e s   and  w a s t e   to  b e  

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

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

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

s u l f a t e s   w h i c h   a r e   l e s s   s t a b l e   t h a n   sod ium  s u l f a t e ,   f o l -  

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

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

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

a  r e d u c i n g   a g e n t ) .  

The  d e s t a b i l i z i n g   c o m p o u n d   i s   a  s a l t   of  a  m e t a l  

w h i c h   f o r m s   an  u n s t a b l e   s u l f a t e .   An  u n s t a b l e   s u l f a t e   i s  

one  w h i c h   d e c o m p o s e s   u p o n   h e a t i n g   i n s t e a d   of  e x h i b i t i n g   a  

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

d e c o m p o s e   in   t h e   400  to  8 0 0 ° C   r a n g e .   S u i t a b l e   d e s t a b i l i z -  

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

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

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

such   as  f e r r i c   s u l f a t e   and  f e r r i c   n i t r a t e ,   can  a l s o   be  u s e d  

i f   a  r e d u c i n g   a g e n t   in   an  a m o u n t   of  a b o u t   15  to  a b o u t   20% 

is   a d d e d   to   r e d u c e   t h e   f e r r i c   compound   in  p l a c e   to  t h e  

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

f e r r o u s   ammonium  s u l f a t e   w h i c h   has   b e e n   f o u n d   to  work  q u i t e  

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

50  to   200%  of   t h e   w e i g h t   of  t h e   s o d i u m   s u l f a t e   in   t h e  

s l u r r y .   I f   l e s s   t h a n   50%  i s   u s e d ,   a l l   of   t h e   s u l f a t e   i o n  

may  n o t   be  d e s t r o y e d .   More   t h a n   200%  s e r v e s   no  u s e f u l  

p u r p o s e   and  w i l l   s i m p l y   add   to   t h e   amoun t   of  w a s t e   t h a t  

mus t   b e  d i s p o s e d   o f .   F e r r i c   ammonium  s u l f a t e  i s   p r e f e r a b l y  



added   on  a  o n e - t o - o n e   w e i g h t   r a t i o   w i t h   s o d i u m   s u l f a t e ,   a n d  

g r a p h i t e   i s   a d d e d   a t   a b o u t   10%  of  t h e   t o t a l   s o l i d s   w e i g h t .  

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

s t r o n g   a  r e d u c i n g   a g e n t   as  h y d r o g e n   (Temp  4 0 0 ° C ) .  

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

d ry   a m m o n i a ,   h y d r a z i n e ,   and  some  l i g h t   h y d r o c a r b o n   t y p e  

a m i n e s   s u c h   as  m e t h y l a m i n e ,   d i m e t h y l a m i n e   a n d  

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

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

work  w e l l ,   i t   i s   s a f e   to  u s e ,   and  i t   r e a c t s   to   p r o d u c e  

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

t h e r e f o r e ,   h a s   no  n e g a t i v e   e f f e c t s   upon  the   g l a s s   p r o d u c t .  

The  amoun t   of   r e d u c i n g   a g e n t   s h o u l d   be  from  5  to   20%  b a s e d  

on  t h e   t o t a l   w e i g h t   of  t h e   sod ium  s u l f a t e   and  t h e   d e s t a b i -  

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

t he   s u l f a t e   may  n o t   be  d e c o m p o s e d   and  i f   more  i s   u s e d ,   t h e  

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

A  s u i t a b l e   c o m p o s i t i o n   i s   from  20  to   a b o u t  3 5 %  

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

c o n c e n t r a t e   c o n t a i n i n g   f rom  15  to  40%  s o d i u m   s u l f a t e   a n d  

l e s s   t h a n   a b o u t   5%  w a t e r ,   f rom  50  to  200%,  b a s e d   on  s o d i u m  

s u l f a t e   w e i g h t ,   of  t he   d e s t a b i l i z i n g   c o m p o u n d ,   and  f rom  5 

to  20%,  b a s e d   on  sod ium  s u l f a t e   p l u s   d e s t a b i l i z i n g   c o m p o u n d  

w e i g h t ,   of  t h e   r e d u c i n g   a g e n t .  

In  t h e   n e x t   s t e p ,   t he   s l u r r y   c o n c e n t r a t e   i s  

h e a t e d   a t   f r o m   700  to  900°C  to  d e c o m p o s e   t h e   s u l f a t e   t o  

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

d i o x i d e ,   and   to  f o r c e   t h e s e   g a s e s   ou t   of  t h e   p o w d e r   o r  

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

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

s h o u l d   n o t   e x c e e d   e i g h t   h o u r s .  

In  t h e   n e x t   s t e p ,   the   r e m a i n i n g   c o n c e n t r a t e   i s  

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

r o u t i n e l y   u s e d   to  form  g l a s s   such   as  b o r o n   . o x i d e ,   a n d  

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

l i m e .   S e v e r a l   c o m b i n a t i o n s -  o f   g l a s s   f o r m e r s   a r e   s u i t a b l e  

in   t h i s   i n v e n t i o n ,   and  t h e y   may  be  s e l e c t e d   a c c o r d i n g   t o  



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

a r t .   A  s u i t a b l e   r a n g e   f o r   a  b o r o s i l i c a t e   g l a s s   c o m p o s i t i o n  
is   f r om  15  t o   40%  s i l i c a ,   f rom  20  to  40%  b o r o n   t r i o x i d e ,  

and  f r o m   1  to   5%  l i m e   or   a l u m i n a   ( t o   a c t   as  a  s t a b i l i z e r   b y  

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

d u r i n g   c o o l i n g ) ,   and  f rom  20  to  35%  of  t h e   w a s t e .   I f   m o r e  

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

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

w i l l   n o t   be  o b t a i n e d .   I f   l e s s   w a s t e   i s   m i x e d   i n ,   t h e  

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

s a r i l y   l a r g e .   A  b o r o s i l i c a t e   g l a s s   c o n s i s t i n g   o f   a b o u t   33% 

b o r o n   t r i o x i d e ,   a b o u t   31%  s i l i c a ,   and  a b o u t   2%  a l u m i n a   o r  

l i m e ,   m i x e d   w i t h   a b o u t   33%  of  t h e   w a s t e   c o n c e n t r a t e   i s  

p r e f e r r e d .  

No  c l a y   or  c r y o l i t e   a d d i t i v e s   a r e   n e c e s s a r y .  
H a l i d e   s a l t s   s h o u l d   be  a v o i d e d   b e c a u s e   t h e y   a r e   d i f f i c u l t  

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

g l a s s   m e l t .  

Once   t h e   g l a s s   f o r m e r s   have  b e e n   a d d e d ,   t h e  

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

wh ich   i s   t y p i c a l l y   f rom  1050  to   1200°C.   B e l o w   1050°C  a  

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

poor   q u a l i t y   g l a s s   or  c e r a m i c   may  r e s u l t .   H i g h e r   g l a s s  

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

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

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

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

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

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

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

o n l y   by  e c o n o m i c s   and  t h e   c o r r o s i o n   of  t h e   c o n t a i n e r .   T h e  

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

room  t e m p e r a t u r e .   T h i s   can  be  done  e i t h e r   i n   t h e   f u r n a c e  

i t s e l f   o r   t h e   m e l t   can   be  p o u r e d   i n t o   c o n t a i n e r s   w h i c h   a r e  
i n s u l a t e d   so  t h a t   t h e   m e l t   c o o l s   s l o w l y .   Fo r   a  6"  d i a m e -  

t e r ,   30"   d e e p   s t a i n l e s s   s t e e l   can  of  g l a s s   a  m i n i m u m  

a n n e a l i n g   t i m e   of   4  h o u r s   i s   t y p i c a l   a n d   a  maximum 



a n n e a l i n g   t i m e   w o u l d   be  24  h o u r s .   The  c o l d   g l a s s   can  t h e n  

be  p a c k a g e d   in   d r u m s ,   or  e t c .   and  be  t r a n s p o r t e d   to  s t o r a g e  

f a c i l i t i e s .  

The  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 a d   b y  . t h e  

f o l l o w i n g   E x a m p l e s :  

Example   1 

A  s o d i u m   s u l f a t e   s l u r r y   made  of   10  grams  o f  

s o d i u m   s u l f a t e   and  30  grams  of  w a t e r   was  m i x e d   w i t h   10  

g rams   of   f e r r o u s   ammonium  s u l f a t e   and  4  g r a m s   of  g r a p h i t e .  

The  m i x t u r e   was  d r i e d   by  h e a t i n g   at   l e a s t   150°C  u n d e r   a  

p a r t i a l   v a c u u m   f o r   2  h o u r s   to  a  m o i s t u r e   c o n t e n t   of  l e s s  

t h a n   5%.  I t   was  t h e n   h e a t e d   to  a b o u t   8 0 0 ° C   and  a l l o w e d   t o  

r e a c t   f o r   4  h o u r s   w h i c h   d e c o m p o s e d   t h e   s u l f a t e s   and  d r o v e  

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

and  5  g r a m s   of  i t   was  m i x e d   w i t h   5  g rams   of   s i l i c a ,  5   g r a m s  

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

mix  was  v i t r i f i e d   by  m e l t i n g   a t   1100°C  u n t i l   a  h o m o g e n e o u s  

m e l t   was  a c h i e v e d ,   w h i c h   r e q u i r e d   o v e r   an  h o u r .   T h e  

r e s u l t i n g   p r o d u c t   was  a  good  q u a l i t y   b l a c k   g l a s s .  

Example   2 

A  s l u r r y   c o n t a i n i n g   70  g rams   of   sod ium  s u l f a t e  

and  210  g r a m s   of  w a t e r   was  mixed   w i t h   100  g rams   of  f e r r o u s  

ammonium  s u l f a t e   and  40  grams  of  g r a p h i t e   and  was  t r e a t e d  

as  in   E x a m p l e   1  e x c e p t   t h a t   t h e   s u l f a t e   r e m o v a l   t ime   was  2 

h o u r s   i n s t e a d   of  4  h o u r s .   To  t e n   g r ams   of   t h e   c a l c i n e   m i x  

was  a d d e d   10  grams  of  s i l i c a ,   10  g r ams   of   b o r o n   t r i o x i d e ,  

and  a  gram  of  l i m e .   T h i s   mix  was  v i t r i f i e d   at   1100°C  t o  

form  a  good   q u a l i t y   g l a s s   p r o d u c t .  

O t h e r   e x p e r i m e n t s   u s i n g   an  i r o n   a d d i t i v e   f o r  

p r o m o t i n g   i n s t a b i l i t y   in   t he   s o d i u m   s u l f a t e   were   g e n e r a l l y  

s u c c e s s f u l .   The  i r o n   a d d i t i v e   u s e d   was  f e r r i c   o x i d e .  

H o w e v e r ,   t h e   u se   of  o t h e r   s u l f a t e s   or  r e d u c i n g   a g e n t s   s u c h  

as  z i n c   s u l f a t e ,   u r e a ,   and  c a r b o n   w i t h o u t   any  i r o n   c o m p o u n d  

b e i n g   p r e s e n t ,   were   n o t   s u c c e s s f u l .  



1.  A  m e t h o d   o f   i m m o b i l i z i n g   n u c l e a r   w a s t e   in   a n  

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

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

t r a t e ;   m i x i n g   i n t o   s a i d   c o n c e n t r a t e   f rom  a b o u t   50  to  2 0 0 %  

by  w e i g h t   b a s e d   on  s o d i u m   s u l f a t e   w e i g h t   of  a  d e s t a b i l i z i n g  

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

a b o u t   5  to   a b o u t   20%  by  w e i g h t   b a s e d   on  t h e   t o t a l   w e i g h t   o f  

s a i d   s o d i u m   s u l f a t e   and   s a i d   d e s t a b i l i z i n g   compound   of  a  

r e d u c i n g   a g e n t ;   h e a t i n g   a t   f r om  700  to  900°C  u n t i l   t h e  

e v o l u t i o n   of  s u l f u r o u s   g a s e s   s u b s t a n t i a l l y   c e a s e s ;   m i x i n g  

w i t h   g l a s s   f o r m e r s   i n   an  a m o u n t   of  f rom  65  to  80%,  b a s e d   o n  

t o t a l   w e i g h t ;   h e a t i n g   t o   f rom  1050  t o   1200°C;   and  c o o l i n g  

to  room  t e m p e r a t u r e .  

2.  A  m e t h o d   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 s t a b i l i z i n g   compound   and  t h e   r e d u c i n g   c o m -  

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

w a t e r   f r o m   t h e   l a t t e r .  

3.  A  m e t h o d   a c c o r d i n g   to   c l a i m   1  or  2,  c h a r a c -  

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

l e s s   t h a n   5%  by  w e i g h t   o f   t h e   d r y   s o l i d s   w e i g h t .  

4.  A  m e t h o d   a c c o r d i n g   to   c l a i m   1,  2  o r  3 ,  

c h a r a c t e r i z e d   in  t h a t   t h e   c o n c e n t r a t e   i s   f rom  15  to   40%  b y  

w e i g h t   s o d i u m   s u l f a t e .  

5.  A  m e t h o d   a c c o r d i n g   to   c l a i m   1,  2,  3  or   4  

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

ammonium  s u l f a t e ,   f e r r o u s   s u l f a t e ,   f e r r i c  s u l f a t e ,   f e r r i c  



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

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

6.  A  m e t h o d   a c c o r d i n g   to   c l a i m   1,  2,  3  or  4  

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

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