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@  Inductive  heating  apparatus  and  process. 

@  An  inductive  heating  apparatus  comprising  an  induction 
furnace  (1  )  and  induction  heating  coil  (10)  embedded  within  a 
refractory  block  (6)  of  cylindrical  form  and  a  metal  susceptor 
sleeve  (7)  arranged  with  a  clearance  in  the  bore  of  the  refrac- 
tory  block  (6).  The  susceptor  sleeve  extends  below  the  bottom 
of  the  refractory  block  (6)  and  is  supported  in  a  metal  support 
collar  (8).  A  cylindrical  canister  (4)  is  positioned  inside  the 
refractory  block  (6)  and  is  supported  on  a  movable  lower  refrac- 
tory  pressure  pad  (3)  located  on  top  of  a  water  cooled  hydraulic 

Q|  ram  (5).  An  upper  refractory  pressure  pad  (2)  is  provided  above 
^§  the  cylindrical  canister  (6)  and  serves  as  an  abutment  means 
^   when  the  lower  refractory  pressure  pad  (3)  and  cylindrical 
gm.  canister  (4)  thereon  are  moved  upward.  The  induction  heating ™  coil  (  1  0)  may  also  have  a  number  of  tappings  (A,  B,  C)  for  pro- 

gressively  increasing  the  length  of  the  heating  zone. 
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INDUCTIVE  HEATING  APPARATUS  &  PROCESS 

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  an  i n d u c t i v e  

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

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

i n d u c t i o n   f u r n a c e   and  an  a r t i c l e   or  m a t e r i a l   to  b e  

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

a p p l i c a b l e   w h e r e   i t   i s   d e s i r e d   to   h e a t   a  m e t a l  

c a n i s t 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  and  i n c l u d 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 ;   in  a  h e a t e d   c o n d i t i o n ,  

t h e   c a n i s t e r   is   f r e e - s t a n d i n g   and  u n d e r g o e s   u n i a x i a l  

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

c a n i s t e r   . 

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

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

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

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

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

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

a t   a  h i g h   t e m p e r a t u r e .   Such   a  p r o c e s s   mus t   b e  

c o n d u c t e d   in  a  a c t i v e   c e l l   and  no t   o n l y   mus t   t h e  

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

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

The  a p p l i c a n t s '   p e n d i n g   E u r o p e a n   P a t e n t  

S p e c i f i c a t i o n   n u m b e r s   8 1 3 0 3 2 2 1 . 6   and  8 3 3 0 4 9 7 4 . 5  

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

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

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

m a i n t a i n i n g   h e a t i n g   w i t h   an  i n d u c t i o n   f u r n a c e .  

The  i n v e n t i o n   is  d i r e c t e d   to  new  and  u s e f u l  

d e v e l o p m e n t s   which   may  be  u s e d   in  such   a  p r o c e s s   o r  

any  o t h e r   s i m i l a r   p r o c e s s   for   o t h e r   m a t e r i a l s   in  w h i c h  

the   p r o c e s s   r e q u i r e s   t he   a p p l i c a t i o n   of  h i g h  

t e m p e r a t u r e   to  a  m a t e r i a l .  

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

s t e p s   of  p l a c i n g   a  m e t a l   c a n i s t e r   (1)  w i t h i n   a n  
i n d u c t i o n   h e a t i n g   c o i l   ( 1 0 ) .   t he   m e t a l   c a n i s t e r   h a v i n g  

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

s t r u c t u r e ,   c h a r a c t e r i s e d   by  a  m e t a l l i c   s u s c e p t o r   ( 7 )  
of  s l e e v e   l i k e   form  b e i n g   l o c a t e d   at   l e a s t ,   p a r t i a l l y  
b e t w e e n   t he   c a n i s t e r   (1)  to  be  h e a t e d   and  t h e  
i n d u c t i o n   h e a t i n g   c o i l   ( 1 0 ) ,   and  o p e r a t i n g   t h e  

i n d u c t i o n   h e a t i n g   c o i l   (10)   to  c a u s e   t he   c a n i s t e r   a n d  
i t s   c o n t e n t s   to  be  h e a t e d .  

One  i m p o r t a 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   is   o n e  
in  w h i c h   t he   c a n i s t e r   c o n t a i n s   r a d i o a c t i v e   n u c l e a r  

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

p a r t i c u l a t e   form  i n t i m a t e l y   mixed   w i t h   one  a n o t h e r ,  

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

p r e s s   and ,   a f t e r   t he   c a n i s t e r   and  i t s   c o n t e n t s   h a v e  

been   h e a t e d ,   t he   h y d r a u l i c   p r e s s   is   o p e r a t e d   ove r   a n  
e x t e n d e d   p e r i o d   of  t i m e   w h i l e   h e a t i n g   is   m a i n t a i n e d   i n  

o r d e r   to  c a u s e   a  ho t   u n i a x i a l   p r e s s i n g   of  t he   c a n i s t e r  

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

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

Use  of  the   p r e s e n t   i n v e n t i o n   can  p e r m i t   a 
c o n t r o l l e d   and  s u b s t a n t i a l l y   even   h e a t i n g   e f f e c t   to  b e  

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

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

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

s t r u c t u r e   is  a v o i d e d .   Use  of  t h i s   i n v e n t i o n   p e r m i t s   a 
r e l a t i v e l y   t h i n   w a l l   s t r u c t u r e   to  be  e m p l o y e d .  

S i n c e   h e a t i n g   to  t e m p e r a t u r e s   in  t h e   r a n g e  
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1.150  C  to  1200°C  a r e   t y p i c a l l y   r e q u i r e d ,   i t   i s  

n e c e s s a r y   to  t a k e   a c c o u n t   of  the   r e l a t i v e l y   l o w  

s t r e n g t h   of  t he   b e s t   a v a i l a b l e   s t e e l s   at  t h e s e  

t e m p e r a t u r e s .   Use  of  t he   s u s c e p t o r   s l e e v e   f a c i l i t a t e s  

the   a p p l i c a t i o n   of  h e a t   and  r e d u c e s   t h e   r i s k   of  a n y  
e x c e s s i v e   d e f o r m a t i o n   or  f a i l u r e   of  t h e   b e l l o w s - l i k e  

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

u n e v e n   h e a t i n g .  

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

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

in  t h e   e v e n t   of  a  b e l l o w s   r u p t u r e   and  t h u s   may  be  u s e d  

to  c o n f i n e   t he   zone  of  s p i l l a g e   in  t h e   e v e n t   of  a 

f a i l u r e .  

V e r y   a d v a n t a g e o u s l y ,   t h e   p r o c e s s   may  be  o p e r a t e d  

s u c h   t h a t   t he   s u s c e p t o r   s l e e v e   co  o p e r a t e s   w i t h   a  

s h r o u d   s t r u c t u r e   w h e r e b y ,   in  t h e   e v e n t   of  a  b e l l o w s  

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

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

Such  a  s h r o u d   s t r u c t u r e   when  c l o s e d   can  b e  

s u b s t a n t i a l l y   gas  t i g h t   so  as  to   f a c i l i t a t e   t h e  

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

f rom  an  i n l e t   to  an  o u t l e t ,   w h e r e b y   t h e   e x h a u s t   g a s e s  

can  be  r e a d i l y   f i l t e r e d   to  r e m o v e   any  r a d i o a c t i v e  

g a s e s   or  p a r t i c l e s   t h a t   m i g h t   o t h e r w i s e   e s c a p e .   T h i s  

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

b e l l o w s - l i k e   c a n i s t e r   is   n o t   c o m p l e t e l y   s e a l e d   bu t   h a s  

a  d i s c h a r g e   d u c t   to  p e r m i t   gas   f rom  t h e   c a n i s t e r   t o  

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

T h i s   gas   i s   f rom  t he   i n t e r s t i c e s   of  t h e   p a r t i c u l a t e  

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

f rom  t h e   m a t e r i a l   w i t h i n   t h e   c a n i s t e r .   P r e f e r a b l y   t h e  

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

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

In  a c c o r d a n c e   w i t h   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   is  p r o v i d e d   an  i n d u c t i v e   h e a t i n g  

a p p a r a t u s   c o m p r i s i n g   an  i n d u c t i o n   c o i l   (10)   a n d  
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c h a r a c t e r i s e d   in  t h a t   i t   hat   a  m e t a l l i c   s u s c e p t o r   ( 7 )  
of  s l e e v e   l i k e   form  w h i c h   e x t e n d s   a x i a l l y   and  at  l e a s t  

p a r t i a l l y   w i t h i n   the   c o i l   (10)  and  w h i c h   is  a r r a n g e d  
to  r e c e i v e   t h e r e i n   a  c y l i n d r i c a l   c a n i s t e r   (4)  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  c o n t a i n i n g   p a r t i c u l a t e  

m a t t e r   w h i c h   is  to  bt>  h e a t e d   and  c o m p r e s s e d ,   the   m e t a l  

c a n i s t e r   (4)  b e i n g   s u p p o r t e d   in  a  p r e s s ,   and  t h e  

s u s c e p t o r   (7)  b e i n g   a r r a n g e d   f o r   h e a t i n g   the   c a n i s t e r  

(4)  and  i t s   c o n t e n t s   by  v i r t u e   of  h e a t   g e n e r a t e d   i n  
t h e   s u s c e p t o r   s l e e v e   (7)  upon  o p e r a t i o n   of  t h e  
i n d u c t i o n   c o i l   ( 1 0 ) .  

T h i s   a s p e c t   of  t he   i n v e n t i o n   e x t e n d s   to  a n  

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

r e c e i v i n g   a  m e t a l   c a n i s t e r   h a v i n g   a  c y l i n d r i c a l   w a l l  
w h i c h   i n c l u d e s   a  b e l l o w s - l i k e   s t r u c t u r e ,   t he   p r e s s  
b e i n g   a r r a n g e d   for   u n i a x i a l   p r e s s i n g   of  t he   m e t a l  
c a n i s t e r   and  i t s   p a r t i c u l a t e   c o n t e n t s ,   and  a n  
i n d u c t i o n   c o i l   s u r r o u n d i n g   t he   p o r t i o n   of  t h e   p r e s s   i n  

w h i c h   t h e   c a n i s t e r   is  to  be  l o c a t e d   f o r   t h e  

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

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

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

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

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

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

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

e m b e d d e d   in  a  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  b o r e  

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

b o r e .   P r e f e r a b l y ,   t he   s u s c e p t o r   s l e e v e   is  p o s i t i o n e d  

on  or  a d j a c e n t   t he   e x p o s e d   r e f r a c t o r y   s u r f a c e   of  t h e  

b o r e .  

I t   i s   p r e f e r r e d   t h a t   t h e   s u s c e p t o r   s l e e v e   i s  

s u p p o r t e d   on  a  r e f a c t o r y   s u p p o r t ,   t he   s u s c e p t o r   s l e e v e  

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

A d v a n t a g e o u s l y ,   t he   i n d u c t i o n   f u r n a c e   has  two  o r  

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

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

h e a t i n g   z o n e .  

By  way  of  e x a m p l e   o n l y ,   s i n t e r i n g   a p p a r a t u s   f o r  

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

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

w i l l   now  be  d e s c r i b e d   w i t h   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   of  w h i c h :  

F i g u r e   1  is   an  e l e v a t i o n   in  p a r t i a l   s e c t i o n   of  a 

hot   p r e s s   i n c o r p o r a t i n g   an  e m b o d i m e n t   of  t he   p r e s e n t  

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

a p p l i c a t i o n   of  p r e s s u r e   to  a  c a n i s t e r   in  t h e   p r e s s ;  

F i g u r e   2  is  a  v i e w   c o r r e s p o n d i n g   to  F i g u r e   1  b u t  

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

u n i a x i a l   p r e s s i n g   s t a g e ;  

F i g u r e   3  is   a  s c h e m a t i c   v i e w   of  a  f u r t h e r  

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

s h r o u d   s t r u c t u r e   w i t h   t h e   s u s c e p t o r   s l e e v e   of  t h e  

a p p a r a t u s   of  F i g u r e s   1  and  2  and  i l l u s t r a t i n g   t h e  

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

F i g u r e   4  c o r r e s p o n d s   to  F i g u r e   3  and  shows  t h e  

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

c o n f i g u r a t i o n ;   a n d  

F i g u r e   5  is   a  v i e w   c o r r e s p o n d i n g   to   F i g u r e s   3  a n d  

4  and  i l l u s t r a t i n g   t h e   ho t   u n i a x i a l   p r e s s i n g  

c o n f i g u r a t i o n   of  t he   a p p a r a t u s .  

In  t h e   e m b o d i m e n t s   d e s c r i b e d ,   an  i n t i m a t e   m i x t u r e  

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  s y n t h e t i c   r o c k  

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

c a n i s t 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 .   In  t h e  

e m b o d i m e n t s   shown  in  F i g u r e s   1  and  2  t h e   c a n i s t e r   i s  

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

3  to  5.  t h e   c a n i s t e r   c o u l d   be  s e a l e d   bu t   a l s o   i t   m a y  
have   a  gas   b l e e d   d u c t .   The  r e q u i r e m e n t   is   t h a t   t h e  

b e l l o w s   - l i k e   c a n i s t e r   and  i t s   c o n t e n t s   be  b r o u g h t   to  a  
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r e a s o n a b l e   u n i f o r m   h igh   t e m p e r a t u r e   ( a b o u t   1 1 5 0 ° C )  

and  t h e n   whilf-   h e a t i n g   is  m a i n t a i n e d   p r e s s u r e   of  up  t o  

21  MVa  if.  a p p l i e d   to  c a u s e   hot  u n i a x i a l   p r e s s i n g .  
T h i s   p r o c e s s   c a u s e s   the  c o n t e n t s   of  the   c a n i s t e r   t o  

form  a  s y n t h e t i c   rock   s a f e l y   i m m o b i l i s i n g   t h e  

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

manne r   . 
R e f e r r i n g   f i r s t   to  F i g u r e   1.  t h e r e   is  shown  a 

b e l l o w s   c a n i s t e r   4  m o u n t e d   in  a  v e r t i c a l   h y d r a u l i c  

p r e s s   c o m p r i s i n g   a  f i x e d   u p p e r   r e f r a c t o r y   p r e s s u r e   p a d  
2  a t t a c h e d   to  a  p r e s s   f r a m e   e l e m e n t   2'  and  a  l o w e r  

r e f r a c t o r y   p r e s s u r e   pad  3  l o c a t e d   on  top   of  a  w a t e r  

c o o l e d   h y d r a u l i c   ram  5.  The  ram  may  be  r e t r a c t e d  

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

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

c a n i s t e r s   4  and  t h e   ram  may  be  moved  u p w a r d l y   a s  

i l l u s t r a t e d   in  F i g u r e s   1  and  2 .  

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

1  c o m p r i s i n g   an  i n d u c t i o n   h e a t i n g   c o i l   10  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   6  of  c y l i n d r i c a l   form  and  a 

m e t a l   s u s c e p t o r   s l e e v e   7  a r r a n g e d   w i t h   a  c l e a r a n c e   i n  

t he   b o r e   of  t he   b l o c k   6.  The  b l o c k   6  is  f i x e d   w i t h i n  

t h e   p r e s s   by  a  m o u n t i n g   s t r u c t u r e   no t   shown  in  t h e  

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

e l e c t r i c a l   t a p p i n g s   to  a  power   s u p p l y .  

The  s u s c e p t o r   s l e e v e   7  e x t e n d s   b e l o w   t he   b o t t o m  

of  t h e   r e f r a c t o r y   b l o c k   6  and  is  s u p p o r t e d   in  i t s  

m e t a l   s u p p o r t   c o l l a r   8 .  

In  o p e r a t i o n   of  t he   p r o c e s s   t he   h y d r a u l i c   ram  5 

is   l o a d e d   w i t h   a  c a n i s t e r   4  w h i c h   is   moved  up  to  t h e  

p o s i t i o n   shown  in  F i g u r e   1  f o r   p r e - h e a t i n g .   T h e  

i n d u c t i o n   c o i l   is   e n e r g i z e d   t h r o u g h   i t s   f u l l   l e n g t h  

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

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

c a n i s t e r   and  i t s   c o n t e n t s   i s   b r o u g h t   up  to  a  s u i t a b l e  

t e m p e r a t u r e   t y p i c a l l y   a r o u n d   1 1 5 0 ° C .   A f t e r  
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gas  such   as  an  i n e r t   gas  ot  gap  m i x t u r e   at  a  p r e s s u r e  
s l i g h t l y   above   the   p r e s s u r e   p r e v a i l i n g   in  the  a c t i v e  
c e l l .   T h i s   gas  b e c o m e s   hot  w i t h i n   the  e n v e l o p e   of  t h e  
s u s c e p t o r   s l e e v e   7  and  t h u s   t e n d s   to  act  as  a  b l a n k e t  
f i l l i n g   t he   zone  w i t h i n   t he   s u s c e p t o r   s l e e v e   a n d  
c a u s i n g   a  p u r g e   f l o w   as  i n d i c a t e d   by  a u o w t .   12  t o  
e s c a p e   i n t o   t he   a c t i v e   c e l l   d u r i n g   the   l o a d i n g   a n d  
u n l o a d i n g   s t a g e s .  

The  a p p a r a t u s   a l s o   c o m p r i s e s   a  lower   s h r o u d   13 
c o m p r i s i n g   a  cap  l i k e   member  14  h a v i n g   an  o u t w a r d l y  
f l a n g e d   c o l l a r   15  f o r   m a t i n g   w i t h   t he   f l a n g e d   c o l l a r   8 
at  t h e   l o w e r   end  of  t he   s u s c e p t o r   s l e e v e   7.  The  l o w e r  
s h r o u d   a l s o   i n c l u d e s   an  a n n u l a r   d i s c   16  f i x e d   to  t h e  
h y d r a u l i c   ram  5  b e l o w   t h e   p r e s s u r e   pad  3  and  h a v i n g   a 
c y l i n d r i c a l   d e p e n d i n g   s k i r t   17  ove r   w h i c h   an  i n t e r i o r  
rim  18  of  the   cap  is  a  s l i d i n g   f i t .   The  cap  14  i s  

s u s p e n d e d   by  h e l i c a l   e x t e n s i o n   s p r i n g s   19  f rom  t h e  
p e r i p h e r y   of  t he   d i s c   1 6 .  

The  d r a w i n g s   a l s o   show  s c h e m a t i c a l l y   in  d o t t e d  
l i n e   w a t e r   c o o l i n g   h o s e s   20  f o r   t he   h y d r a u l i c   ram  5 .  

As  shown  in  F i g u r e   3.  a t   t h e   l o a d i n g / u n l o a d i n g  
s t a t i o n   t h e   b e l l o w s   c a n i s t e r   4  is   a d a p t e d   to  p l a c e d   b y  
i  s u i t a b l e   m a n i p u l a t o r   22  o n t o   t he   head  of  t h e   r a m  
p r e s s u r e   pad  3.  The  ram  5  i s   t h e n   r a i s e d   and .   a s  
shown  F i g u r e   4.  t h e   b e l l o w s   c a n i s t e r   4  is  i n s e r t e d  
In to   t h e   f u r n a c e   and  t h e   f l a n g e d   c o l l a r s   15  and  8 

i p p r o a c h   one  a n o t h e r .   When  t h e s e   c o l l a r s   c o n t a c t ,   a  
sea l   i s   e f f e c t e d   and  c o n t i n u e d   u p w a r d   m o t i o n   of  t h e  
ram  5  c a u s e s   t he   s p r i n g s   19  to   e x t e n d   u n t i l   t h e   top   o f  
:he  b e l l o w s   c a n i s t e r   a b u t s   t h e   t o p   p r e s s u r e   pad  2 .  
L f t e r   i n i t i a l   p re   - h e a t i n g ,   h i g h   p r e s s u r e   is  e x e r t e d   b y  
am  5  to  c o m p r e s s   t h e   b e l l o w s   c a n i s t e r   to  t h e  

:onf  i g u r a t i o n   shown  in  F i g u r e   5  and  d u r i n g   t h i s   s t a g e  
m p o s e s   maximum  e x t e n s i o n   of  t h e   s p r i n g s   19.  The  r a m  

is   t h e n   l o w e r e d   and  t h e   c o m p r e s s e d   b e l l o w s   c a n i s t e r  
can  be  r e m o v e d .  

As  i l l u s t r a t e d   in  F i g u r e   5,  an  o p t i o n   is  t o  
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s u f f i c i e n t   t ime   has  e l a p s e d   to  c a u s e   a  s u f f i c i e n t l y  
u n i f o r m e d   t e m p e r a t u r e   to  e x i s t ,   h i g h   p r e s s u r e   i s  
a p p l i e d   t h r o u g h   the   h y d r a u l i c   ram  5  and  over   a  p e r i o d  
of  h o u r s   d e n s i f i c a t i o n   and  t he   f o r m a t i o n   of  s y n t h e t i c  
rock  in  t he   c a n i s t e r   o c c u r s .   As  the   h y d r a u l i c   ram  5 
and  i t s   p r e s s u r e   pad  3  move  p r o g r e s s i v e l y   u p w a r d l y ,   a t  
i n t e r v a l s   the   t a p p i n g s   of  t he   i n d u c t i o n   c o i l   can  b e  
s w i t c h e d   from  the   l o w e s t   t a p p i n g   A.  t h r o u g h   to  t h e  
second   t a p p i n g   B.  and  f i n a l l y   to  t he   u p p e r   t a p p i n g   C.  
["his  c a u s e s   the   h e a t i n g   e f f e c t   to  be  l i m i t e d   to  t h e  
L o c a t i o n   w h e r e   i t   is  r e q u i r e d   and  a v o i d s   u n n e c e s s a r y  
>nd  i n d e e d   p o t e n t i a l l y   d e l e t e r i o u s   h e a t i n g   to  o c c u r   a t  
:he  h y d r a u l i c   ram  5.  E x c e s s i v e   h e a t i n g   of  the   ram  5 
:ould  c a u s e   d i s t o r t i o n ,   f a i l u r e   and  i n d e e d   damage  t o  
e a l s .   I t   is  v e r y   d e s i r a b l e   to  p r o v i d e   an  a p p a r a t u s  
' h i ch   can  work  r e l i a b l y   and  w i t h   m i n i m a l   m a i n t e n a n c e  
or  a  v e r y   long   p e r i o d   of  t i m e .  

In  t h e   e m b o d i m e n t   d e s c r i b e d   a b o v e   in  r e l a t i o n   t o  
i g s .   1  and  2.  t he   s y n t h e t i c   r o c k ,   w h i c h   is   g e n e r a l l y  
nown  as  SYNROC.  is   f o r m e d   by  s i n t e r i n g   an  i n t i m a t e  
i x t u r e   of  h i g h   l e v e l   r a d i o a c t i v e   n u c l e a r   w a s t e  
a t e r i a l   and  s y n t h e t i c   r o c k - f o r m i n g   m a t e r i a l   w h i c h  
orm  t h r e e   t i t a n a t e   m i n e r a l s ,   n a m e l y .   H o l l a n d i t e  
aA12  T i 6 ° l 6 *   z i r c ° n ° l i t e   C a Z r T i 2 0 ?   a n d  
^ r o v s k i t e   C a T i 0 3 .   p l u s   r u t i l e   t i t a n i u m   o x i d e   T i O  
id  a  s m a l l   amoun t   of  m e t a l   a l l o y .   H o w e v e r ,   any  o t h e r  
l i t a b l e   r o c k - f o r m i n g   m a t e r i a l   may  be  u s e d .  

R e f e r r i n g   now  to  F i g u r e s   3  to  5.  l i k e   p a r t s   h a v e  
;en  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  o n l y   t h e  
I d i t i o n a l   f e a t u r e s   o v e r   and  a b o v e   F i g u r e s   1  and  2 
11  be  d e s c r i b e d   in  d e t a i l .  

The  a p p a r a t u s   in  t h i s   e m b o d i m e n t   has  t h e  
s c e p t o r   s l e e v e   7  f o r m e d   as  a  f i r s t   s h r o u d   e l e m e n t  
i c h .   as  shown  s c h e m a t i c a l l y ,   is  f i x e d   in  a 
b s t a n t i a l   gas  s e a l   c o n n e c t i o n   w i t h   t he   top   f r a m e  
mber  2<  and  in  i t s   u p p e r   r e g i o n   t he   s u s c e p t o r   s l e e v e  
s  an  i n l e t   p i p e   11  fo r   a d m i t t i n g   a  f l o w   of  s u i t a b l e  
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c o n f i g u r e   t he   f l a n g e d   c o l l a r s   15  and  8  to  d e f i n e   a n  

e x h a u s t   d u c t   23  w h i c h   can  be  c o n n e c t e d   to  a  s u i t a b l e  

e x t r a c t i o n   and  gas  f i l t r a t i o n   s y s t e m .   T h u s ,   if   a 

b l e e d   d u c t   is  p r o v i d e d   in  t he   b e l l o w s   c a n i s t e r   4 .  

5  g a s e s   ( i n c l u d i n g   any  v o l a t i l e   r a d i o a c t i v e   g a s e s )   c a n  

be  c o l l e c t e d   and  r e p r o c e s s e d .  

Use  of  t he   s u s c e p t o r   s l e e v e   p r o v i d e s   c o n v e n i e n t  

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

f u r t h e r m o r e   the   s h r o u d   a r r a n g e m e n t   shown  in  F i g u r e s   3 

10  to  5  can  p r o v i d e   e n h a n c e d   s a f e t y   and ,   in  t he   u n l i k e l y  

e v e n t   of  any  f a i l u r e   of  a  b e l l o w s   c a n i s t e r ,   t h e r e   is  a 

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

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

up  f rom  t h e   c o n f i n e d   zone  in  q u e s t i o n   and  t h e  

15  a p p a r a t u s   can  c o n t i n u e   to  o p e r a t e .  

2 0  

25  

30  

35 

4 1 7 1 S / S B  
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CLAIMS 

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

s t e p s   of  p l a c i n g   a  m e t a l   c a n i s t e r   (1)  w i t h i n   a n  
i n d u c t i o n   h e a t i n g   c o i l   ( 1 0 ) .   the   m e t a l   c a n i s t e r   h a v i n g  

5  a  c y l i n d r i c a l   w a l l   w h i c h   i n c l u d e s   a  b e l l o w s - l i k e  

s t r u c t u r e ,   c h a r a c t e r i s e d   by  a  m e t a l l i c   s u s c e p t o r   ( 7 )  
of  s l e e v e - l i k e   form  b e i n g   l o c a t e d   at  l e a s t   p a r t i a l l y  
b e t w e e n   the   c a n i s t e r   (1)  to  be  h e a t e d   and  t h e  
i n d u c t i o n   h e a t i n g   c o i l   ( 1 0 ) .   and  o p e r a t i n g   t h e  

10  i n d u c t i o n   h e a t i n g   c o i l   (10)   to  c a u s e   the   c a n i s t e r   a n d  
i t s   c o n t e n t s   to  be  h e a t e d .  

2.  An  i n d u c t i v e   h e a t i n g   p r o c e s s   as  c l a i m e d   i n  
c l a i m   1.  c h a r a c t e r i s e d   in  t h a t   t he   i n d u c t i o n   h e a t i n g  
c o i l   (10)   has  a  p l u r a l i t y   of  t a p p i n g s   ( A . B . C ) ,   and  t h e  

IB  m e t h o d   i n c l u d e s   s w i t c h i n g   power   s u p p l y   b e t w e e n   t h e  
t a p p i n g s   (A .B .C)   to  v a r y   t he   l e n g t h   of  t he   h e a t i n g  
zone  . 

3.  An  i n d u c t i v e   h e a t i n g   p r o c e s s   as  c l a i m e d   i n  
c l a i m   1  or  c l a i m   2.  c h a r a c t e r i s e d   in  t h a t   i t   i n c l u d e s  

20  t he   s t e p   of  s u p p o r t i n g   t h e   c a n i s t e r   (1)  on  a n  
h y d r a u l i c   p r e s s   (5)  w i t h i n   t he   i n d u c t i v e   h e a t i n g   c o i l  
(10)   and  u n i a x i a l l y   p r e s s i n g   the   c a n i s t e r   (4)  w h i l e  
i t s   c o n t e n t s   a re   h e a t e d .  

4.  An  i n d u c t i v e   h e a t i n g   p r o c e s s   as  c l a i m e d   i n  
25  c l a i m   1.  c h a r a c t e r i s e d   in  t h a t   t he   c a n i s t e r   ( 4 )  

c o n t a i n s   r a d i o a c t i v e   n u c l e a r   w a s t e   and  s y n t h e t i c   r o c k  
f o r m i n g   m a t e r i a l s   in  p a r t i c u l a t e   form  i n t i m a t e l y   m i x e d  
w i t h   one  a n o t h e r   and  t he   h e a t i n g   and  u n i a x i a l   p r e s s i n g  
of  t he   c a n i s t e r   and  i t s   c o n t e n t s   r e s u l t s   in  t h e  

)0  f o r m a t i o n   of  s y n t h e t i c   r o c k   w i t h   n u c l e a r   w a s t e  
i m m o b i l i s e d   t h e r e i n .  

5.  An  i n d u c t i v e   h e a t i n g   p r o c e s s   a c c o r d i n g   t o  

any  one  of  t he   p r e c e d i n g   c l a i m s ,   c h a r a c t e r i s e d   in  t h a t  
the   b e l l o w s   l i k e   s t r u c t u r e   e x t e n d s   s u b s t a n t i a l l y   o v e r  

15  the   f u l l   l e n g t h   of  the   c y l i n d r i c a l   w a l l   w h i c h   i s  

r e l a t i v e l y   t h i n   m a t e r i a l ,   and  the   s u s c e p t o r   s l e e v e   ( 7 )  
a c t s   as  a  s h r o u d   e x t e n d i n g   a r o u n d   t h e   c y l i n d r i c a l   w a l l  

il  / J . S / 5 B  
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f o r   s u b s t a n t i a l l y   a l l   of  i t s   l e n g t h .  

6.  An  i n d u c t i v e   h e a t i n g   p r o c e s s   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 s e d   in  t h a t   t h e   i n d u c t i o n   c o i l   ( 1 0 )  
is   o p e r a t e d   fo r   an  e x t e n d e d   p e r i o d   to  b r i n g   t h e  

c o n t e n t s   of  the   c a n i s t e r   (1)  to  a  t e m p e r a t u r e   o f  

s u b s t a n t i a l l y   1 1 5 0 ° C .  

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

an  i n d u c t i o n   c o i l   (10)   and  c h a r a c t e r i s e d   in  t h a t   i t  
has  a  m e t a l l i c   s u s c e p t o r   (7)  of  s l e e v e   l i k e   form  w h i c h  
e x t e n d s   a x i a l l y   and  at  l e a s t   p a r t i a l l y   w i t h i n   t he   c o i l  

(10)   and  w h i c h   is  a r r a n g e d   to  r e c e i v e   t h e r e i n   a 
c y l i n d r i c a l   c a n i s t e r   (4)  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  c o n t a i n i n g   p a r t i c u l a t e   m a t t e r   w h i c h   i s  

to  be  h e a t e d   and  c o m p r e s s e d ,   t h e   m e t a l   c a n i s t e r   ( 4 )  
b e i n g   s u p p o r t e d   in  a  p r e s s ,   and  t h e   s u s c e p t o r   ( 7 )  
b e i n g   a r r a n g e d   fo r   h e a t i n g   t h e   c a n i s t e r   (4)  and  i t s  

c o n t e n t s   by  v i r t u e   of  h e a t   g e n e r a t e d   in  t h e   s u s c e p t o r  
s l e e v e   (7)  upon  o p e r a t i o n   of  t h e   i n d u c t i o n   c o i l   ( 1 0 ) .  

8.  An  i n d u c t i v e   h e a t i n g   a p p a r a t u s   a c c o r d i n g   t o  
c l a i m   7.  c h a r a c t e r i s e d   in  t h a t   t h e   i n d u c t i o n   c o i l   ( 1 0 )  
is   e m b e d d e d   in  a  r e f r a c t o r y   m a t e r i a l   (6)  h a v i n g   a  b o r e  

t h e r e i n ,   t h e   c a n i s t e r   (4)  to  be  h e a t e d   b e i n g  
p o s i t i o n e d   w i t h i n   t h e   s u s c e p t o r   s l e e v e   (7)  l o c a t e d   i n  

t he   b o r e .  

9.  An  i n d u c t i v e   h e a t i n g   a p p a r a t u s   a c c o r d i n g   t o  
c l a i m   7  or  8.  c h a r a c t e r i s e d   in   t h a t   t h e   s u s c e p t o r  
s l e e v e   (7)  is   s u p p o r t e d   on  a  r e f r a c t o r y   s u p p o r t   ( 3 )  
and  i s   r e m o v a b l e   f rom  w i t h i n   t h e   i n d u c t i o n   c o i l   ( 1 0 )  
fo r   r e p l a c e m e n t   when  r e q u i r e d .  

10.  An  i n d u c t i v e   h e a t i n g   a p p a r a t u s   a c c o r d i n g   t o  

any  one  of  c l a i m s   7  to  9.  c h a r a c t e r i s e d   in  t h a t   t h e  

i n d u c t i o n   c o i l   (10)   has   two  or  more  t a p p i n g s   ( A . B . C )  
for   p r o g r e s s i v e l y   r e d u c i n g   or  i n c r e a s i n g   t h e   l e n g t h   o f  

the  h e a t i n g   z o n e .  

11.  An  i n d u c t i v e   h e a t i n g   a p p a r a t u s   a c c o r d i n g   t o  

any  one  of  c l a i m s   7  to  9.  c h a r a c t e r i s e d   in   t h a t   t h e  

b e l l o w s   l i k e   s t r u c t u r e   e x t e n d s   s u b s t a n t i a l l y   o v e r   t h e  
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f u l l   l e n g t h   of  the   c y l i n d r i c a l   wa l l   w h i c h   is  of  a 
r e l a t i v e l y   t h i n   m a t e r i a l ,   and  the   s u s c e p t o r   s l e e v e   ( 7 )  
a c t s   a  s h r o u d   e x t e n d i n g   a r o u n d   the   c y l i n d r i c a l   w a l l  
fo r   s u b s t a n t i a l l y   a l l   of  i t s   l e n g t h .  

5  12.  An  i n d u c t i v e   h e a t i n g   a p p a r a t u s   a c c o r d i n g   t o  
c l a i m   11.  c h a r a c t e r i s e d   in  t h a t   t he   s u s c e p t o r   s l e e v e  
(7)  f o r m s   p a r t   of  a  s u b s t a n t i a l l y   gas  t i g h t   s h r o u d  
w i t h i n   w h i c h   the   c y l i n d r i c a l   c a n i s t e r   (4)  i s  
i s o l a t a b l e   f rom  the   o u t s i d e   e n v i r o n m e n t .  

10  13.  An  i n d u c t i v e   h e a t i n g   a p p a r a t u s   a c c o r d i n g   t o  
c l a i m   12.  c h a r a c t e r i s e d   in  t h a t   t he   s h r o u d   is  p r o v i d e d  
w i t h   an  i n l e t   ( no t   shown)   and  o u t l e t   (23)   t o  
f a c i l i t a t e   t he   p r o v i s i o n   of  ho t   gas  p u r g e   f l o w   and  a 
f i l t e r   ( n o t   shown)  is  p r o v i d e d   w h e r e b y   e x h a u s t   g a s e s  

15  a r e   f i l t e r e d   to  r emove   r a d i o a c t i v e   g a s e s   or  p a r t i c l e s .  
14.  An  i n d u c t i v e   h e a t i n g   a p p a r a t u s   a c c o r d i n g   t o  

any  one  of  c l a i m s   11  to  13.  c h a r a c t e r i s e d   in  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   (4)  i s   a d a p t e d   to  be  p l a c e d   by  a 
m a n i p u l a t o r   (22)  o n t o   a  p r e s s u r e   pad  (3)  l o c a t e d   o n  

20  top   of  an  h y d r a u l i c   ram  ( 5 ) .   t h e   s u s c e p t o r   s l e e v e   ( 7 )  
h a v i n g   a  f l a n g e d   c o l l a r   (8)  a t   is   l o w e r   end  w h i c h   i s  
a d a p t e d   to  mate   w i t h   a  f l a n g e d   c o l l a r   (15)   of  a  l o w e r  
s h r o u d   (13)   f i x e d   to  t he   h y d r a u l i c   ram  (5)  when  t h e  
h y d r a u l i c   ram  (5)  is  r a i s e d ,   in  use   t he   f l a n g e d  

J5  c o l l a r s   ( 8 . 1 5 )   c o n t a c t i n g   to  fo rm  a  s e a l   d u r i n g   t h e  
upward   m o t i o n   of  t he   h y d r a u l i c   ram  (5)  and  a f t e r  
c o n t a c t   is   e f f e c t e d   the   h y d r a u l i c   ram  (5)  p r o c e e d i n g  
u p w a r d   a g a i n s t   t he   r e s t r a i n i n g   f o r c e   of  at   l e a s t   o n e  
c o m p r e s s i o n   s p r i n g   (24)   c o n n e c t e d   b e t w e e n   t h e  

iO  h y d r a u l i c   ram  (5)  and  t he   l o w e r   s h r o u d   (13)   to  e f f e c t  
a  hot   p r e s s i n g   of  t he   c a n i s t e r   ( 4 ) .  
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