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©  Containment  and  denshlcation  of  particulate  material. 

  Particulate  supply  material  such  as  a  mixture  of  synthe- 
tic  rock  precursor  (20)  and  radioactive  waste  (19)  is  formed  in 
a  rotary  kiln  (23)  and  poured  into  a  bellows  container  (20) 
which,  after  sealing  with  a  lid,  is  subjected  to  cold  axial 
compression  by  hydraulic  rams  (30);  the  bellows  containers 
in  sequence  are  passed  through  an  upright  cylindrical 
induction  preheater  (31)  and  are  then  advanced  in  turn 
across  a  support  table  (36)  to  a  hydraulic  ram  (37)  which 
moves  upwardly  within  an  inverted  metal  cannister  (38) 
having  a  refractory  abutment  (40)  at  its  upper  end  and  which 
is  surrounded  by  an  induction  heating  coil  (41).  Pressure  is 
maintained  at  a  working  temperature  of  about  1200°C  to 
cause  axial  compression  of  the  bellows  container  and  slight 
outward  radial  expansion  to  jam  the  bellows  container 
within  the  outer  cannister.  For  safety,  the  induction  heating 
coil  (41)  is  embedded  within  a  refractory  block  (46)  having  a 
slightly  tapered  bore  which  at  its  lower  narrowest  end  is  at 
most  a  sliding  fit  over  the  cannister  whereby  the  cannister  Is 
restrained  by  the  refractory  block  from  excessive  outward 
deformation  during  the  hot  upward  pressing  of  the  bellows 
container.  A  series  of  bellows  containers  are  compressed  in 
turn  within  the  metal  cannister  which  then  can  be  sealed  and 
removed. 





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   t he   c o n t a i n m e n t   o f  

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

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

r e q u i r e s   v e r y   r e l i a b l e ,   v e r y   l o n g   t e r m   s t o r a g e .  

E x t r e m e l y   l o n g   t e r m   s a f e   s t o r a g e   of  n u c l e a r   w a s t e s  

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

p r o p o s a l s   have   been   made  f o r   d e a l i n g   w i t h   t h i s   p r o b l e m .  
One  p r o p o s a l   c o n c e r n s   i m m o b i l i s i n g   t he   w a s t e   in   a  

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

in  a  s u i t a b l e   g e o l o g i c a l   f o r m a t i o n .   H o w e v e r ,   d o u b t s  

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

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

c r i t i c i s m   of  t h e   s a f e t y   of  t h i s   t e c h n i q u e .  

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

s y n t h e t i c   r o c k   in   w h i c h   t h e   n u c l e a r   r e a c t o r   w a s t e   i s  

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

A.E.   R i n g w o o d   et   al   in  NATURE  March   1979 .   A c c o r d i n g   t o  

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

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

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

a n a l o g u e s   have   s u r v i v e d   in  a  w ide   r a n g e   of  g e o c h e m i c a l  



e n v i r o n m e n t s   f o r   m i l l i o n s   of  y e a r s   and  a r e   c o n s i d e r e d  

h i g h l y   r e s i s t a n t   to   l e a c h i n g   by  w a t e r .  

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

c r y s t a l   l a t t i c e s   of  t h e   s y n t h e t i c   r o c k   in   t h e   f o rm  of  a  

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

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

w a s t e   i s   p r o d u c e d   by  p r e s s u r e   and  h e a t   in   a  

d e n s i f i c a t i o n   p r o c e s s   and  t h e   b l o c k   may  t h e n   be  s a f e l y  

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

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

t h e   A u s t r a l i a n   N a t i o n a l   U n i v e r s i t y   b a s e d   on  t h e   work   b y  

A.  E.  R i n g w o o d   e t   a l : -  

A u s t r a l i a n   P a t e n t   A p p l i c a t i o n   5 8 7 0 8 / 7 9   (now  P a t e n t  

No.  5 2 3 . 4 7 2 )   e n t i t l e d   " S a f e   I m m o b i l i s a t i o n   of  H i g h   L e v e l  

N u c l e a r   R e a c t o r   W a s t e s " ;   a n d  

U n i t e d   S t a t e s   P a t e n t   A p p l i c a t i o n   124953   (now  P a t e n t  

No.  4 , 3 2 9 , 2 4 8 )   e n t i t l e d   "A  P r o c e s s   f o r   t h e   T r e a t m e n t   o f  

H i g h   L e v e l   N u c l e a r   W a s t e s " .  

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

A u s t r a l i a n   P a t e n t   S p e c i f i c a t i o n   6 5 1 7 6 / 8 0   w h i c h   i s  

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

w a s t e   m a t e r i a l   and  i s   d i r e c t e d   to  s e l e c t e d   m e t h o d s   f o r  

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

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

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

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

c o n f i n e s   and  l i m i t a t i o n s   of  a  " h o t   c e l l " .   H i g h   l e v e l  

r a d i o a c t i v e   w a s t e   mus t   be  h a n d l e d   in  a  h o t   c e l l   in   w h i c h  

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

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

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

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

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

when  i t s   u s e f u l   w o r k i n g   l i f e   has  come  to  an  e n d .  



Yet  f u r t h e r   d e v e l o p m e n t s   in  t h i s   f i e l d   a r e   d i s c l o s e d  
in  A u s t r a l i a n   P a t e n t   A p p l i c a t i o n   7 2 8 2 5 / 8 1   in  w h i c h  

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

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

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

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

c l o s e d   i t   i s   l o c a t e d   i n s i d e   an  o u t e r   c a n i s t e r   a r o u n d  

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

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

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

c o n t a i n e r .   A  s e r i e s   of  b e l l o w s   c o n t a i n e r s  a r e   a d a p t e d  

to  be  s t a c k e d   in   t h e   o u t e r   c a n i s t e r   w h i c h ,   when  f u l l .   i s  

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

D e s p i t e   t h e s e   v a r i o u s   p r o p o s a l s ,   i t   i s   s t i l l  

c o n s i d e r e d   t h a t   t h e r e   i s   a  need   to   c o n c e i v e   of  a  m o r e  
e f f e c t i v e ,   p r a c t i c a l   a n d ,   mos t   i m p o r t a n t l y ,   r e l i a b l e  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



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

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

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

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

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

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

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

t h e   p r o c e s s   and  m a i n t e n a n c e   of  e q u i p m e n t .   F u r t h e r m o r e .  

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

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

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

t h e   u s e   of   a  s i n g l e   ram  w i t h   a  f i x e d   a b u t t m e n t .   S i n c e  

t y p i c a l l y   o p e r a t i n g   t e m p e r a t u r e s   in   t he   r e g i o n   o f  
11000C  w i l l   be  u s e d ,   a  s u b s t a n t i a l   r e f r a c t o r y   f a c i n g  

can  r e a d i l y   be  p r o v i d e d   f o r   t h e   f i x e d   a b u t m e n t   and  a l s o  

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

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

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

ram  can   s i m p l y   be  a  d i s c - l i k e   pad  l o c a t e d   by  s i m p l e  

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

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

g r a v i t y ,   T h u s .   u s i n g   m a n i p u l a t o r s   in  a  h o t   c e l l   a  w o r n  

r e f r a c t o r y   pad  c an   r e a d i l y   be  r e m o v e d   f o r   d i s p o s a l   and   a  

r e p l a c e m e n t   pad  f i t t e d .  

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

o c c u r   when   t h e   b r o a d  m e t h o d   d e s c r i b e d   a b o v e   i s   u s e d   i n  

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

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

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

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

and  t h e r e f o r e   t y p i c a l l y   i t   t a k e s   many  h o u r s   f o r   t h e  

c o n t e n t s   of  t h e   b e l l o w s   c o n t a i n e r   to  come  to  a  u n i f o r m  

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

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

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

m a j o r   a d v a n t a g e .   Not   o n l y   can   t he   p r o d u c t i o n   r a t e   f o r  



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

c o n t e n t s   of  t h e   b e l l o w s   c o n t a i n e r   to  t he   u n i f o r m  

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

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

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

i t s   l a t e r   h a n d l i n g   and  s t o r a g e .   I t   is   to  be  n o t e d   t h a t  

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

s t e e l   and  p r e f e r a b l y   a  s t a i n l e s s   s t e e l .   I n e v i t a b l y   t h e  

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

d e n s i f i c a t i o n   t e m p e r a t u r e s   in   t h e   r e g i o n   of  1100  t o  
1 2 0 0 0 C .  

F u r t h e r m o r e ,   t he   b r o a d   m e t h o d   may  be  u t i l i z e d   in   a  

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

s t e p s   in   w h i c h   t h e   b e l l o w s   c o n t a i n e r   i s   s u b j e c t e d   to   t h e  

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

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

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

e f f e c t i v e   and  c o n v e n i e n t   e x t r a   c o n t a i n m e n t   f o r   l o n g   t e r m  

s a f e   s t o r a g e   of  t he   w a s t e   m a t e r i a l .   Such  a  m e t h o d   m a y  

be  d e f i n e d   as  c o n s i s t i n g   in   a  m e t h o d   f o r   t h e   c o n t a i n m e n t  

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

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

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

b e l l o w s - l i k e   f o r m a t i o n   and  of  h e a t   and  d e c a y   r e s i s t a n t  

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

p r e h e a t i n g   in  s e r i e s   t h e   b e l l o w s   c o n t a i n e r s   to   b r i n g   t h e  

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

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

an  u p w a r d l y   d i s p l a c a b l e   ram  and  d i s p l a c i n g   t h e   r a m  

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

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

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

s u f f i c i e n t   t i m e   to  c a u s e   d e n s i f i c a t i o n   of  t h e   c o n t e n t s  

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

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



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

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

t h e   c a n i s t e r   has   b e e n   f i l l e d   w i t h   a  s e r i e s   of  s u c h  

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

t he   c a n i s t e r   f o r   s t o r a g e .  

W h i l s t   t h e   i n v e n t i o n   i s   p a r t i c u l a r l y   u s e f u l   i n  

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

w a s t e   in   s y n t h e t i c   r o c k   of  t h e   t y p e   d e s c r i b e d   by  A.  E .  

R i n g w o o d   ( and   r e f e r r e d   to   a b o v e ) ,   t h e   i n v e n t i o n   can   a l s o  

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

f u r t h e r m o r e   can   a l s o   be  a p p l i c a b l e   to   o t h e r   m a t e r i a l s  

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

u n d e r   h e a t   and  p r e s s u r e .   One  e x a m p l e   of  s u c h   o t h e r  

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

f u e l   rod   t u b e s   and  s i m i l a r   w a s t e   c o m p o n e n t s .  

I t   w i l l   be  a p p r e c i a t e d   t h a t   t h e   i n v e n t i o n   c o n s i s t s  

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

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

e c o n o m i c ,   and  c o n v e n i e n t   o p e r a t i o n s   in   a  h o t   c e l l .   T h e  

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

c o n t r i b u t e   g r e a t l y   to   t h e   r e l i a b i l i t y   and  a c c e p t a b i l i t y  

of  t h e   s y s t e m   due  t o  

s i m p l i c i t y   of  s e r v i c i n g   and  i n t r i n s i c   r e l i a b i l i t y .  

In  a  c o m m e r c i a l   s c a l e   o p e r a t i o n ,   i t   i s   e n v i s a g e d  

t h a t   t h e   c y l i n d r i c a l   c a n i s t e r   w i l l   be  of  t h e   o r d e r   of  3 0  

c m   d i a m e t e r  a n d  2  m e t r e s   l o n g   and  e a c h   b e l l o w s   c o n t a i n e r  

w i l l   be  c o m p r e s s i b l e   f r o m   an  i n i t i a l   h e i g h t   of  a b o u t   4 0  

cm  to  a  f i n a l   h e i g h t   of  a b o u t   10  cm.  The  u s e   o f  

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

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

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

t h e   f a c t   t h a t   h e a t i n g   of  t h e   5  p a r t i c u l a t e   m a t e r i a l   i s  

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

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

t ime   is   r e q u i r e d   f o r  t h e   p r e h e a t i n g   s t e p .   In  a  

p r e f e r r e d   e m b o d i m e n t   of  t h e   i n v e n t i o n ,   p r e h e a t i n g   f o r  



s e v e r a l   h o u r s   can  be  e f f e c t i v e   w h e r e a s   t h e   f i n a l  

d e n s i f i c a t i o n   s t e p   w i l l   be  much  s h o r t e r ,   e . g .   a b o u t   o n e  
h o u r .  

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

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

t e m p e r a t u r e   or  w i t h   a d v a n t a g e   can   be  a t   a  b e l l o w s  

c o n t a i n e r   t e m p e r a t u r e   of  up  to  a b o u t   8 0 0  C   to   a n n e a l  

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

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

a m b i e n t   t e m p e r a t u r e   and  a l s o   a t   t e m p e r a t u r e s   up  to  a b o u t  
8000C,   good   c o n t r o l   can   be  a c h i e v e d   in   t h i s  

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

d e n s i f i c a t i o n   s t e p   a t   h i g h   t e m p e r a t u r e   ( t y p i c a l l y  
1 2 0 0 0 C )   e x c e l l e n t   c o n t r o l   of  t h e   a x i a l   p r e s s i n g   can   b e  

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

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

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

P r e f e r a b l y ,   t h e   p r e s s u r e   in   t h e   p r e l i m i n a r y   p r e s s i n g  

i s   of  a t   l e a s t   3000  I b s / s q .   i n c h .  

P a r t i c u l a r l y   when  s y n t h e t i c   r o c k   i s   to   be  f o r m e d ,  

t h e   m a t e r i a l   is   p r e f e r a b l y   p r o v i d e d   in  t h e   f o r m   of  w e l l  

g r a d e d   f i n e   p a r t i c l e s   up  to  a b o u t   2  mm  maximum  d i m e n s i o n  

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

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

P r e f e r a b l y   s y n t h e t i c   r o c k   is   u s e d   to   i n c o r p o r a t e  

r a d i o a c t i v e   w a s t e ,   a  m i x t u r e   of  s y n t h e t i c   r o c k   p r e c u r s o r  

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

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

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

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

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

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

in  t h e   r a n g e   of  a b o u t   4 0 0 - 6 0 0 ° C ,   and  t h e   m a x i m u m  

t e m p e r a t u r e   in  t he   k i l n   i s   a b o u t   7 0 0 - 8 0 0 ° C   w i t h   t h e  

e x i t   f r o m   the   r o t a r y   k i l n   b e i n g   a t   a m b i e n t   t e m p e r a t u r e .  



A  p r e f e r r e d   e m b o d i m e n t   of  t h e   i n v e n t i o n   can   a l s o  

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

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

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

i s   a c h i e v a b l e   by  t h e   u s e   of  a  b l o c k   of  r e f r a c t o r y  

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

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

r e f r a c t o r y   b l o c k   b e i n g   a d a p t e d   to   be  moved  d o w n w a r d l y   i n  

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

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

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

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

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

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

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

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

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

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

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

a b s o r b s   any   e x p a n s i o n   f o r c e s   a p p l i e d   f rom  t h e   c a n i s t e r .  

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

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

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

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

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

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

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

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

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

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

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

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

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

s u p p o r t   m e a n s   to   a c t   as  an  a b u t m e n t ,   h e a t i n g   means   f o r  

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

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



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

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

jam  in  t h e   c a n i s t e r ,   t h e   h e a t i n g   means   b e i n g   a d a p t e d   t o  

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

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

c o n t a i n e r s   i n s e r t e d   one  b e l o w   t h e   o t h e r   in   s e r i e s  

t h e r e i n .   and  means   f o r   r e m o v i n g   t h e   c a n i s t e r   when  a  

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

s e c u r e d   t h e r e i n .  

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

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

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

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

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

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

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

d r a w i n g s   w h e r e i n : -  

F i g u r e   1  i s   a  r e p r e s e n t a t i o n   of  t h e   p r e l i m i n a r y  

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

F i g u r e   2  is   a  s c h e m a t i c   r e p r e s e n t a t i o n   of  t h e   f i n a l  

s t e p s   of  t h e   p r o c e s s   i n i t i a t e d   in   F i g u r e   1 ;  

F i g u r e   3  i s   an  a x i a l   s e c t i o n a l   e l e v a t i o n  

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

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

F i g u r e   4  i s   an  a x i a l   s e c t i o n a l   e l e v a t i o n   on  a n  

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

c o n f i g u r a t i o n   shown  g e n e r a l l y   in   s l i g h t l y   e x p l o d e d   v i e w  

in   F i g u r e   3:  a n d  

F i g u r e   5  is   an  i s o m e t r i c   v i e w   f rom  a b o v e   of  t h e  

r e f r a c t o r y   b l o c k   and  i n d u c t i o n   h e a t i n g   c o l l a r  

a r r a n g e m e n t   shown  in  F i g u r e   4 .  

R e f e r r i n g   f i r s t   to   F i g u r e s   1  a n d   2,  t h e   p r o c e s s   h a s  

a  p r e l i m i n a r y   m i x i n g   s t a g e   21  in   w h i c h   s y n t h e t i c   r o c k  

p r e c u r s o r   f rom  s u p p l y   20  i s   f o r m e d   i n t o   a  s l u r r y   w i t h  

h i g h   l e v e l   r a d i o a c t i v e   w a s t e   f rom  w a s t e   s u p p l y   19  w h i c h  

i s   in  t h e   form  of  a  n i t r a t e   s o l u t i o n ,   and  t h e   s l u r r y   i s  



p a s s e d   a l o n g   l i n e   22  to   be  s p r a y e d   i n t o   t h e   e l e v a t e d  

t e m p e r a t u r e   end  of  a  r o t a r y   k i l n ,   a t   w h i c h   a  m a x i m u m  

t e m p e r a t u r e   in   t h e   r a n g e   7 0 0 - 8 0 0 °   i s   m a i n t a i n e d .   T h e  

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

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

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

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

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

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

gas  ( s u c h   as  a r g o n - h y d r o g e n ,   n i t r o g e n - h y d r o g e n ,   o r  

CO-C02)  i s   p a s s e d   t h r o u g h   t h e   r o t a r y   k i l n .   T h e  

p r o c e s s   c o u l d   be  o p e r a t e d   so  t h a t   s y n t h e t i c   r o c k  

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

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

e s s e n t i a l .   The  r o t a r y   k i l n   p r o d u c e s   c o l d   p a r t i c u l a t e  

m a t e r i a l   of  w e l l   g r a d e d   p a r t i c l e   s i z e   up  t o a b o u t   2  mm 

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

k i l n   a r e   f e d   b a c k   t h r o u g h   a  f i l t e r   F  to  t h e   p r e l i m i n a r y  

m i x i n g   s t a g e   21  s i n c e   t h e s e   g a s e s   w i l l   i n c l u d e   s o m e  

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

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

f o r   t h e   r a d i o a c t i v e   w a s t e   so  t h a t   i t   i s   in   t h e  

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

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

r o t a r y   k i l n   i s   f e d   i n t o   a  t i t a n i u m   m i x i n g   s t a g e   24  w h i c h  

r e c e i v e s   m e t a l l i c   t i t a n i u m   p o w d e r   f r o m   a  h o p p e r   25  

w h e r e b y   t h e   m i x t u r e   p o u r e d   i n t o   a  b e l l o w s   c o n t a i n e r   2 0  

has   a b o u t   2%  t i t a n i u m   m e t a l   p o w d e r   by  w e i g h t .  

An  e x a m p l e   of  a  s u i t a b l e   s y n t h e t i c   r o c k   c o m p o s i t i o n  

is   i n d i c a t e d   in   t h e   t a b l e   s e t   ou t   b e l o w   and  i s   p r o d u c e d  

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

as  u l t i m a t e   s o u r c e s   of  TiO2  and  Z r 0 2 .   T h e  

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

c o m p o n e n t s ,   c o - p r e c i p i t a t e d   by  a d d i t i o n   of  s o d i u m  

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

p r e c u r s o r .  



T y p i c a l   C o m p o s i t i o n s   of  S y n t h e t i c  r o c k   ( S v n r o c )   a n 4  
C o n s t i t u e n t   P h a s e s  

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

a  v e r y   h i g h   s u r f a c e   a r e a   and  f u n c t i o n s   as  an  e f f e c t i v e  

ion   e x c h a n g e   m e d i u m ,   w h i c h   i s   m i x e d   w i t h   a d d i t i v e s  

c o n t a i n i n g   Ca,  Ba.  and  Al  in  s o l u t i o n   and  m i x e d   in   a  h o t  

c e l l   w i t h   h i g h   l e v e l   n u c l e a r   w a s t e   (HLW)  in  t h e   f o r m   o f  

n i t r a t e   s o l u t i o n   to  fo rm  a  t h i c k   h o m o g e n e o u s   s l u r r y   a t  

m i x i n g   s t a g e   21.   T y p i c a l l y   up  to   a b o u t   20%  by  w e i g h t   o f  

t he   s o l i d   c o n t e n t   of  t he   s l u r r y   may  c o m p r i s e   t h e   h i g h  

l e v e l   w a s t e s .  

The  b e l l o w s   c o n t a i n e r   20  i s   of  a  h e a t   r e s i s t i n g  

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

S a n d v i k   g r a d e   253MA  w h i c h   r e t a i n s   r e a s o n a b l e   m e c h a n i c a l  

s t r e n g t h   e v e n   a t   t he   e l e v a t e d   t e m p e r a t u r e s   u s e d   in   t h e  

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

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

t h i n   p e r f o r a t e d   m e t a l   l i n e r   26  i s   l o c a t e d   w i t h i n   t h e  

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

b e l l o w s   w a l l   i s   f i l l e d   w i t h   z i r c o n i u m   o x i d e   p o w d e r   2 7 .  

A  s t a i n l e s s   s t e e l   cap  29  i s   u s e d   to  s e a l   t h e   b e l l o w s  

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

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



d e n s i t y   of   p a r t i c u l a t e   m a t e r i a l   f r o m   a b o u t   25%  of  t h e  

t h e o r e t i c a l   maximum  d e n s i t y   to   a b o u t   3 6 % .  

The  n e x t   s t a g e   i s   i l l u s t r a t e d   in   F i g u r e   2  in  w h i c h  

t h e   c o l d   p r e s s e d   b e l l o w s   c o n t a i n e r s   20  a r e   f e d   i n  

s e q u e n c e   i n t o   a  v e r t i c a l   i n d u c t i o n   f u r n a c e   31,   e a c h  

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

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

r e t r a c t a b l e   l a t c h   33.  Over   a  p e r i o d   of  s e v e r a l   h o u r s  

t h e   t e m p e r a t u r e   g r a d u a l l y   i n c r e a s e s   up  to   a b o u t   1 2 0 0 0 C .  

A  f i r s t   w a t e r   c o o l e d   ram  34  h a v i n g   a  t o p   s p i g g o t   o n  

w h i c h   a  r e f r a c t o r y   p l a t e   35  i s   l o c a t e d   i s   a d a p t e d   t o  

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

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

s u p p o r t   t a b l e   36  to   a  p r e s s i n g   s t a t i o n   h a v i n g  a   s e c o n d  

w a t e r   c o o l e d   ram  37  of  s i m i l a r   f o r m .   F i g u r e   2  shows  t h e  

ram  37  b o t h   in   t h e   l o w e r   r e c e i v i n g   p o s i t i o n   and  a l s o   i n  

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

c a n i s t e r   38  m o u n t e d  o n   a  s u p p o r t   39  and  h a v i n g   i t s   t o p  

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

40,   v e r t i c a l l y   d i s p l a c e a b l e   i n d u c t i o n   h e a t i n g   c o i l s   4 1  

b e i n g   p r o v i d e d   o u t s i d e   t h e   c a n i s t e r   3 8 .  

In  t h e   l o w e r   p o s i t i o n ,   t h e   l e f t   h a n d   s i d e   of  t h e  

s e c t i o n   o f   a  b e l l o w s   c o n t a i n e r   20a  i s   shown   in   i t s  

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

s i d e   of  t h e   s e c t i o n   shows   a  b e l l o w s   c o n t a i n e r   20b  as  i t  

w o u l d   be  a f t e r   p r e s s i n g .   H o w e v e r ,   d u r i n g   t h e   h o t  

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

b e c o m e   an  i n t e r f e r e n c e   f i t   w i t h i n   t h e   c a n i s t e r   38  a s  

shown  by  b e l l o w s   20c  a t   t h e   t op   of  t h e   c a n i s t e r   3 8 .  

The  r e f r a c t o r y   p l a t e   32  u p o n   w h i c h   e a c h   of  t h e  

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

p r e s s i n g   s t a g e ,   t h e   p l a t e   32  b e i n g   l o w e r e d   on  t h e   w a t e r  

c o o l e d   ram  37  and  t h e n   p u s h e d   o n t o   a  r e c e i v i n g   t a b l e  

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

R e f r a c t o r y   p l a t e s   w i l l . w e a r   in   u s e   and  mus t   b e  

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



i l l u s t r a t e d   in  F i g u r e   2  i s   a  v e r y   s i m p l e   and  e a s i l y   . 
s e r v i c e d   a r r a n g e m e n t   made  p o s s i b l e   by  t h e   u s e   of  a n  

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

r e f r a c t o r y   t o p   p l a t e   35  s i m p l y   to   s i t   on  t he   h e a d   o f  

e a c h   w a t e r   c o o l e d   ram.   J u s t   a  s i m p l e   s p i g g o t   and  s o c k e t  

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

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

R e f e r r i n g   now  to  F i g u r e   3.  a  p r a c t i c a l   e m b o d i m e n t   o f  

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

c o r r e s p o n d i n g   to  t h e   e l e m e n t s   in   F i g u r e   2  b e i n g   g i v e n  

t he   same  r e f e r e n c e   n u m e r a l s .  

The  a p p a r a t u s   f u r t h e r   i n c l u d e s   a  b a s e   p l a t e   42  w i t h  

a  s e t   of  u p s t a n d i n g   t u b u l a r   g u i d e s   43  on  w h i c h   s l i d i n g  

m o u n t s   f o r   t h e   s u p p o r t   39  and  t h e   i n d u c t i o n   f u r n a c e   u n i t  

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

s e l e c t e d   p o s i t i o n .   The  c a n i s t e r   38  i s   u r g e d   u p w a r d l y  

a g a i n s t   t h e   r e f r a c t o r y   b l o c k   40  w h i c h   i s   s u p p o r t e d   by  a  

t op   cap  44  a d a p t e d   to  be  b o l t e d   to   a  t op   p l a t e   4 5 .  

F i g u r e   3  shows   t he   p a r t s   in   s l i g h t l y   e x p l o d e d   v i e w   f o r  

c l a r i t y .   The  i n d u c t i o n   h e a t i n g   c o i l   41  is   s h o w n  

e m b e d d e d   w i t h i n   a  r e f r a c t o r y   b l o c k   46  h a v i n g   a  t a p e r e d  

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

and  c l e a r a n c e   b e t w e e n   t h e   b o r e   and  t h e   c o n t a i n e r   3 8 .  

The  o b j e c t   of  t h e   t a p e r e d   b o r e   of  t h e   r e f r a c t o r y   b l o c k  

46  i s   t h a t   any  s m a l l   e x p a n s i o n   of  t h e   c a n i s t e r   38  c a u s e s  

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

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

t a p e r ,   t h e   r e f r a c t o r y   b l o c k   can   be  r e l e a s e d   by  d o w n w a r d  

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

c o n t a i n e r .  

In  t h e   e n l a r g e d   v i e w   of  F i g u r e   4,  l i k e   p a r t s   a r e  

g i v e n   l i k e   r e f e r e n c e   n u m e r a l s ,   and  t he   p a r t s   a r e   s h o w n  

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

In  t h i s   e m b o d i m e n t   t h e   r e f r a c t o r y   b l o c k   i s   a s s e m b l e d  

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

s e g m e n t s   46a  of  c y l i n d r i c a l   p r o f i l e   and  i n n e r   r e f r a c t o r y  



e l e m e n t s   46b  h a v i n g   an  i n n e r   p r o f i l e   a d a p t e d   t o  

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

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

i n d u c t i o n   c o i l   41.  The  r e f r a c t o r y   e l e m e n t s   a r e  

c o n t a i n e d   w i t h i n   a  s t e e l   o u t e r   s u p p o r t   c y l i n d e r   47  w h i c h  

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

t h e   c a n i s t e r   3 8 .  

F i g u r e   5  shows   in   i s o m e t r i c   v i e w   t h e   r e f r a c t o r y  

b l o c k s   46a  and  46b  e a c h   h a v i n g   a  s e m i - c i r c u l a r   r i b   4 6 c  

on  one  s i d e   t h e r e o f   and  a  c o r r e s p o n d i n g   c a v i t y   46d  o n  

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



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

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

(28)   i n t o   a  b e l l o w s   c o n t a i n e r   (20)   of  g e n e r a l l y  

c y l i n d r i c a l   f o r m   w i t h   a  s i d e   w a l l   ( 27 )   i n c l u d i n g   a  

b e l l o w s - l i k e   f o r m a t i o n  a n d   of  h e a t   and  d e c a y   r e s i s t a n t  

m a t e r i a l ,   c l o s i n g   t h e   b e l l o w s   c o n t a i n e r   w i t h   a  l i d   ( 2 9 ) .  

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

d i s p l a c e a b l e   ram  ( 3 7 )   h a v i n g   a  h e a t   r e s i s t a n t   s u r f a c e  

p o r t i o n   ( 3 5 ) ,   d i s p l a c i n g   t h e   ram  u p w a r d l y   to  p r e s s   t h e  

b e l l o w s   c o n t a i n e r   a g a i n s t   a  f i x e d   a b u t m e n t   ( 4 0 ) ,  

m a i n t a i n i n g   s u b s t a n t i a l l y   a x i a l l y   p r e s s u r e   on  t h e  

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

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

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

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

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

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

c o n t a i n e r   o c c u r s   in   i t s   a x i a l   d i r e c t i o n ,   and  r e m o v i n g  

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

d e n s i f i c a t i o n   s t e p .  

2.  A  m e t h o d   as  c l a i m e d   in  c l a i m   1  w h e r e i n   t h e   s u p p l y  

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

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

3.  A  m e t h o d   as  c l a i m e d   in  c l a i m   1  or  c l a i m   2,  a n d  

w h e r e i n   a f t e r   c l o s i n g   t h e   b e l l o w s   c o n t a i n e r   (20 )   w i t h  

t h e   l i d   ( 2 9 ) .   a  p r e l i m i n a r y   p r e - h e a t i n g   t h e r e o f   i s  

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

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

4.  A  m e t h o d   as  c l a i m e d   in   c l a i m   3,  w h e r e i n   t h e   b e l l o w s  

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

i n d u c t i o n   h e a t i n g   (41)   f o r   a  p e r i o d   of  s e v e r a l   h o u r s   t o  

b r i n g   t h e   b e l l o w s   c o n t a i n e r   (20)   and  i t s   c o n t e n t s  

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

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

t e m p e r a t u r e   to   be  a c h i e v e d   in  t he   s u b s e q u e n t   h o t  



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

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

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

5.  A  m e t h o d   as  c l a i m e d   in   any  one  of  t h e   p r e c e d i n g  

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

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

c o n t e n t s   b r o u g h t   to   a b o u t   1 2 0 0 ° C .  

6.  A  m e t h o d   as  c l a i m e d   in   any  one  of  t h e   p r e c e d i n g  

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

(29)   on  t h e   b e l l o w s   c o n t a i n e r   (20)   an  a x i a l   c o m p r e s s i o n  

is   a p p l i e d   to   t h e   b e l l o w s   c o n t a i n e r ,   t h e   t e m p e r a t u r e   n o t  

e x c e e d i n g   8 0 0 ° C .  

7.  A  m e t h o d   as  c l a i m e d   in  c l a i m   6,  and  w h e r e i n   t h e  

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

6  i s   a t   l e a s t   3000   l b s / s q .   i n c h .  

8.  A  m e t h o d   as  c l a i m e d   in   any  one  of  t h e   p r e c e d i n g  

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

s i z e   n o t   g r e a t e r   t h a n   2  mm  and  i s   r e a d i l y   p o u r a b l e .   t h e  

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

a  r o t a r y   k i l n   ( 2 3 ) .  

9.  A  m e t h o d   as  c l a i m e d   in   any  one  of  t h e   p r e c e d i n g  

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

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

i n s e r t i n g   t h e   b e l l o w s   c o n t a i n e r   (20)   on  t h e   d i s p l a c e a b l e  

ram  ( 3 7 )   i n t o   a  c y l i n d r i c a l   c a n n i s t e r   ( 38 )   h a v i n g   a  

d o w n w a r d l y - p r o j e c t i n g   o p e n   end  and  in   w h i c h   t h e   b e l l o w s  -  

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

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

e x p a n s i o n   d u r i n g   c o m p r e s s i o n   so  as  to   be  p r e s s e d   i n t o   a n  

i n t e r f e r e n c e   f i t   w i t h   t h e   i n t e r i o r   w a l l   of  t h e   c a n n i s t e r .  

10.  A  m e t h o d   as  c l a i m e d   in   c l a i m   9.  w h e r e i n   t h e  

c y l i n d r i c a l   c a n n i s t e r   ( 3 8 )   i s   e l o n g a t e d   and  a  s e r i e s   o f  

b e l l o w s   c o n t a i n e r s   ( 2 0 )   a r e   u p w a r d l y   p r e s s e d   one  a t   a  

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

c a n n i s t e r   has   b e e n   s u b s t a n t i a l l y   f i l l e d ,   t h e   c a n n i s t e r  

i s   s e a l e d   and  r e m o v e d   f o r   s t o r a g e .  



11.  A  m e t h o d   as  c l a i m e d   as  in   c l a i m   9  or  c l a i m   10,  a n d  

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

. ( 4 6 )   h a v i n g   a  s l i g h t l y   t a p e r e d   b o r e   o v e r   t h e   c a n n i s t e r  

( 3 8 )   d u r i n g   h o t   p r e s s i n g   of  a  b e l l o w s   c o n t a i n e r   ( 2 0 )  

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

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

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

r e s i s t e d   by  t h e   r e f r a c t o r y   b l o c k ,   t h e   r e f r a c t o r y   b l o c k  

(46 )   b e i n g   moved  d o w n w a r d l y   r e l a t i v e   to   t h e   c a n n i s t e r  

(38 )   a f t e r   ho t   p r e s s i n g   of  a  b e l l o w s   c o n t a i n e r .  

12.  A  m e t h o d   as  c l a i m e d   in   c l a i m   11.   and  w h e r e i n   t h e  

r e f r a c t o r y   b l o c k   (46)   has   an  i n d u c t i o n   h e a t i n g   c o i l   ( 4 1 )  

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

13.   A  m e t h o d   as  c l a i m e d   in   any   of  t h e   p r e c e d i n g   c l a i m s .  

and  i n c l u d i n g   u s i n g   a  c y l i n d r i c a l   p a r t i t i o n   (26)   w i t h i n  

t h e   b e l l o w s   c o n t a i n e r   (20)   and  c o n f i n i n g   s a i d  

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

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

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

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

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

b e l l o w s   c o n t a i n e r   ( 2 0 ) .  

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

m a t e r i a l   in   b e l l o w s   c o n t a i n e r s   (20 )   w i t h i n   a  c y l i n d r i c a l  

c a n i s t e r   ( 3 8 ) .   t h e   a p p a r a t u s   c o m p r i s i n g   means   (24)   f o r  

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

c o n t a i n e r   ( 2 0 ) ,   means   f o r   s e a l i n g   t h e   b e l l o w s   c o n t a i n e r  

w i t h   a  l i d   ( 2 9 ) ,   means   (36)   f o r   m o v i n g   b e l l o w s  

c o n t a i n e r s   in  s e q u e n c e   to  a  p r e s s i n g   s t a t i o n ,   a  p r e s s i n g  

s t a t i o n   c o m p r i s i n g   an  u p w a r d l y   d i s p l a c e a b l e   ram  (37)   f o r  

r e c e i v i n g   a  b e l l o w s   c o n t a i n e r   ( 2 0 ) ,   m e a n s   f o r   m o u n t i n g   a  

c y l i n d r i c a l   c a n n i s t e r   (38)   w i t h   an  o p e n   end  d i r e c t e d  

d o w n w a r d l y   t o w a r d s   s a i d   ram,  m e a n s   ( 3 7 )   f o r   u p w a r d l y  

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

t h e   c a n n i s t e r .   u p p e r   r e f r a c t o r y   s u p p o r t   means   (40)   t o  

a c t   as  an  a b u t m e n t ,   h e a t i n g   means   ( 4 1 )   f o r   m a i n t a i n i n g  



an  e l e v a t e d   t e m p e r a t u r e   in   s a i d   b e l l o w s   c o n t a i n e r   ( 2 0 )  

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

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

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

in   t h e   c a n n i s t e r ,   and  t h e   h e a t i n g   means   (41)   b e i n g  

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

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

c o n t a i n e r s   i n s e r t e d   one  b e l o w   t h e   o t h e r   in   s e r i e s  

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

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

d e n s i f i e d   and  s e c u r e d   t h e r e i n .  

15.  A p p a r a t u s   as  c l a i m e d   in   c l a i m   14,  and  w h e r e i n   t h e  

a p p a r a t u s   i n c l u d e s   a  p r e h e a t i n g   s t a t i o n   (31)   a d a p t e d   t o  

b r i n g   t h e   c o n t e n t s   of  t h e   b e l l o w s   c o n t a i n e r s   (20)   to   a  

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

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

s a i d   p r e s s i n g   s t a t i o n   ( 3 7 ) .  

16.  A p p a r a t u s   as  c l a i m e d - i n   c l a i m   15,  and  w h e r e i n   s a i d  

p r e h e a t i n g   s t a t i o n   (31)   c o m p r i s e s   an  u p w a r d l y   e x t e n d i n g  

c y l i n d r i c a l   i n d u c t i o n   h e a t e d   zone   h a v i n g   r e f r a c t o r y  

s u p p o r t   m e a n s   ( 3 2 . 3 3 )   f o r   h o l d i n g   a  s t a c k   of  b e l l o w s  

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

b e l l o w s   c o n t a i n e r s   w h e r e b y   t h e   b e l l o w s   c o n t a i n e r s   ( 2 0 )  

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

and  a r e   r e m o v e d   a f t e r   p r e h e a t i n g   a t   t h e   b o t t o m   of  t h e  

- z o n e . - s a i d   t r a n s f e r i n g   m e a n s   o p e r a t i n g   in   a  h o r i z o n t a l  

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

s a i d   d i s p l a c e a b l e   r a m .  

17.  A p p a r a t u s   c l a i m e d   in   any   one  of  c l a i m s   14  to  1 6 .  

w h e r e i n   s a i d   d i s p l a c e a b l e   ram  (37)   has   a  r e f r a c t o r y  

f a c i n g   ( 3 5 )   l o c a t e d   on  t h e   h e a d   of  t h e   ram  by  a  s p i g g o t .  

18.  A p p a r a t u s   as  c l a i m e d   in   any   one  of  c l a i m s   14  to  1 7  

and  f u r t h e r   c o m p r i s i n g   c o m p r e s s i o n   means   (30)   f o r  

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

e a c h   b e l l o w s   c o n t a i n e r   (20)   a f t e r   t h e   b e l l o w s   c o n t a i n e r  

has   been   s e a l e d   w i t h   t h e   l i d   ( 2 9 ) .  



19.  A p p a r a t u s   as  c l a i m e d   in  any  one  of  c l a i m s   14  to  18  

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

( 4 6 )   of  r e f r a c t o r y   m a t e r i a l   a r r a n g e d   to  s u r r o u n d   s a i d  

c a n n i s t e r   ( 3 8 ) ,   and  t h e   r e f r a c t o r y   b l o c k   h a v i n g   a  

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

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

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

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

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

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

20.   A p p a r a t u s   as  c l a i m e d   in  c l a i m   19,   and  w h e r e i n   s a i d  

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

h e a t i n g   c o i l   ( 4 1 ) . .  

21.   A p p a r a t u s   as  c l a i m e d   in  c l a i m   20,   w h e r e i n   s a i d  

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

r e f r a c t o r y   s e g m e n t s   ( 4 6 a , 4 6 b ) l o c a t e d   w i t h i n   an  o u t e r  

c y l i n d r i c a l   s h e l l   ( 4 7 ) .  
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