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©  Ash  removal  apparatus  for  fluidized  bed  gasifier. 
©  A  fluidized  bed  gasifier  (10)  and  process  wherein  the 
gasifier  comprises  a  vertically  disposed  elongated  vessel  (12) 
defining  an  internal  ash  annulus  region  (22)  disposed  within 
a  lower  section  of  the  vessel  (12),  a  steeply  sloping  floor  (28) 
disposed  within  the  vessel  (12)  in  the  ash  annulus  region  (22) 
and  having  orifices,  process  medium  injection  means  (14) 
disposed  upwardly  through  the  floor  (28)  and  into  the  ash 
annulus  region  (22),  ash  discharge  means  (44)  for  discharg- 
ing  ash  from  the  vessel  (12),  and  fluid  injection  means  (26) 
disposed  within  the  ash  annulus  region  (22)  for  injection  of  a 
fluid  downwardly  into  the  ash  annulus  region  (22). 
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T h i s   i n v e n t i o n   r e l a t e s   to  g a s i f i c a t i o n   of   c a r -  

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

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

f l u i d i z e d   bed   g a s i f i e r s .  

In  r e a c t o r s   f o r   t h e   g a s i f i c a t i o n   of  c a r b o n a c e o u s  

m a t e r i a l s ,   such   as  c o a l ,   a  c o m b u s t i b l e   p r o d u c t   gas   i s  

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

a t e d   a s h .   In  a  t y p i c a l   f l u i d i z e d   bed  g a s i f i e r ,   c o a l  

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

h o t   g a s i f i e r .   P r o c e s s   m e d i u m s   such   as  s t e a m ,   c o a l   i n  

p a r t i c l e   f o rm ,   and  a  g a s e o u s   s o u r c e   of  o x y g e n ,   s u c h   as  a i r  

or  p u r e   o x y g e n ,   a r e   i n j e c t e d ,   as  w e l l   as ,   p e r h a p s ,   a  c l e a n  

r e c y c l e d   p r o d u c t   g a s .   T h i s   p r o c e s s   r e s u l t s   i n   f l u i d i z a -  

t i o n   of  t h e   c o a l   p a r t i c l e s   in   a  bed  a b o v e   t h e   n o z z l e .  

F u r t h e r ,   t h e   i n j e c t i o n   of  c o a l   and  o x y g e n   i n t o   t h e   h o t  

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

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

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

h e a t e d ,   r a p i d   e v a p o r a t i o n ,   or   d e v o l a t i l i z a t i o n ,   of   v o l a -  

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

t h e   v e s s e l   t y p i c a l l y   r u n s   b e t w e e n   870°C  and  1 1 0 0 ° C   o r  

h i g h e r   and  t h i s   h i g h   t e m p e r a t u r e   e n s u r e s   t h a t   t h e   p r o d u c t s  
of  d e v o l a t i l i z a t i o n ,   s u c h   as  t a r s   and  o i l s ,   e t c . ,   a r e  
b r o k e n   down,   or  c r a c k e d ,   and  g a s i f i e d   to   f o r m   m e t h a n e ,  
c a r b o n   m o n o x i d e   and  h y d r o g e n .   As  t h e   c o a l   c o n t i n u e s   t o  



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

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

As  t h i s   c h a r   c i r c u l a t e s   t h r o u g h o u t   the   f l u i d i z e d   bed ,   t h e  

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

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

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

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

b e t w e e n   540°C  to  1100°C  and  t y p i c a l l y   c o n s i s t   of   c o m p o u n d s  

of   any   or  a l l   of  S,  Fe,  Na,  Al,   K  and  S i ,   w h i c h   c o m p o u n d s  

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

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

t h e   s u r f a c e s   whe re   t h e y   c a u s e   t h e   p a r t i c l e s   to  s t i c k   t o  

e a c h   o t h e r ,   or  a g g l o m e r a t e .   In  t h i s   way,  a sh   a g g l o m e r a t e s  

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

of   c h a r   in   t he   bed .   As  t h e i r   d e n s i t y   and  s i z e   i n c r e a s e s ,  

t h e   f l u i d i z e d   bed  i s   u n a b l e   to  s u p p o r t   t h e m .   G r a d u a l l y ,  

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

t h a t   t h e y   can  no  l o n g e r   be  s u p p o r t e d   in   t h e   f l u i d i z e d   b e d ,  

and  t h e   a sh   a g g l o m e r a t e s   d e f l u i d i z e .   I t   i s   t h e n   n e c e s s a r y  

to   r e m o v e   t h e s e   ash  a g g l o m e r a t e s   f rom  t he   v e s s e l .  

The  ash  w i t h d r a w a l   means   of  t h e   p r i o r   a r t   h a s  

t a k e n   s e v e r a l   f o r m s .   The  f i r s t   of  t h e s e   i s   one  in   w h i c h  

t h e   a s h   s e t t l e s   a t   t h e   b o t t o m   of  t he   v e s s e l   and  g r a d u a l l y .  

b u i l d s   up  to  some  p h y s i c a l   l e v e l   a b o v e   t h e   b o t t o m .   A 

f i x e d   o u t l e t   a c t s   as  an  o v e r f l o w   d i s c h a r g e   to  w i t h d r a w   t h e  

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

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

m a t e r i a l   w h i c h   i s   i n t e n d e d   to   r e m a i n   w i t h i n   t h e   bed   as  a  

r e l a t i v e l y   f i x e d   i n v e n t o r y .   I t   i s   u n s a t i s f a c t o r y ,   h o w e v e r ,  

w h e r e   no  r e s i d u a l   ash  i s   d e s i r e d .  

A  s e c o n d   fo rm  of  ash   w i t h d r a w a l   means   c o n s i s t s  

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

t h e   a s h   p a r t i c l e s   by  s i z e .   T h i s   means   i s   u n s a t i s f a c t o r y  

b e c a u s e   i t   does   no t   t a k e   a d v a n t a g e   of  t h e   d i f f e r e n c e   i n  

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

e r a t e d   a s h .   T h i s   may  r e s u l t   in   p r e m a t u r e   r e m o v a l   of  c h a r  

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



A  t h i r d   fo rm  of  ash  w i t h d r a w a l   m e a n s   c o n s i s t s   o f  

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

t h e   h o r i z o n t a l ,   l e a d i n g   d o w n w a r d l y   t o w a r d s   an  ash  r e m o v a l  

p l e n u m .   A  f l u i d i z i n g   gas   i s   d i s c h a r g e d   t h r o u g h   n o z z l e s   i n  

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

a g g l o m e r a t e d   a sh .   A  d i s a d v a n t a g e   of  t h i s   means   i s   t h a t  

a s h   r e m o v a l   may  t a k e   p l a c e   v e r y   s l o w l y   and  as  a  r e s u l t  

m i g h t   n o t   be  e f f e c t i v e   f o r   a  l a r g e   s c a l e   g a s i f i e r .   A 

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

a r e   t oo   l a r g e   or  too   d e n s e   to  be  f l u i d i z e d   by  the   f l o o r  

n o z z l e s   may  n o t   be  d i s c h a r g e d ,   and  c o u l d   b u i l d   up  in  t h e  

v e s s e l .   T h i s   can  d i s t o r t   t he   gas  d i s t r i b u t i o n   f rom  t h e  

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

A n o t h e r   fo rm  of  ash  r e m o v a l   means   c o n s i s t s   of  a n  

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

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

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

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

may  f a l l .   U n f o r t u n a t e l y ,   any  w i t h d r a w a l   of   ash  t h r o u g h  

t h e   v e n t u r i   t h r o a t   may  c a u s e   a  m o m e n t a r y   b l o c k a g e   in   t h e  

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

bed   w h i c h   i s   s u p p o r t e d   by  t h e   g a s .  
A l l   of  t h e   a b o v e   means  h a v e   f u r t h e r   d i s a d v a n -  

t a g e s .   P r o g r e s s i v e l y   l a r g e r   p a r t i c l e s   of  a g g l o m e r a t e d   a s h  

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

c o o l e d   e n o u g h   to  s o l i d i f y .   None  of  t h e   a b o v e   ash  w i t h -  

d r a w a l   means   has   t h e   c a p a b i l i t y   to  c o o l   t h e   ash  as  i t  

d e f l u i d i z e s ,   b e f o r e   i t   c o n t a c t s   t h e   b o t t o m   of   t he   v e s s e l .  

I f   a sh   i s   a l l o w e d   to  c o n t a c t   t h e   b o t t o m   of   the   v e s s e l  

p r i o r  t o   s o l i d i f i c a t i o n ,   t h e   ash  may  s t i c k   to   t he   b o t t o m ,  

f o u l i n g   i t ,   and  c o u l d   e v e n t u a l l y   p l u g   t h e   b o t t o m   of  t h e  

g a s i f i e r .   D i r e c t   d i s c h a r g e   w i t h   i n s u f f i c i e n t   c o o l i n g  
c o u l d   a l s o   r e s u l t   in  damage   to  d o w n s t r e a m   c o m p o n e n t s   w h i c h  

may  be  h e a t   s e n s i t i v e ,   s u c h   as  g a s k e t   m a t e r i a l   in  g a s  
t i g h t   l o c k h o p p e r   v a l v e s .  

I t   i s   t h e r e f o r e   t he   p r i n c i p a l   o b j e c t   of  t h e  

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



discharge  means  which  will  efficiently  separate  char  part icles  from  ash  

particles  and  allow  the  char  particles  to  be  recycled  back  into  t he  

fluidized  bed  and  to  provide  an  ash  discharge  means  which  will  a l low 

cooling  of  the  ash  prior  to  withdrawal  to  minimize  fouling  of  in te rna l  

gasifier  surfaces  and  to  minimize  the  exposure  to  heat  of  downs t r eam 

ash  discharge  and  to  accomplish  this  in  a  manner  which  d i scourages  

perturbat ions  in  the  dynamics  of  the  fluidized  bed.  

With  this  object  in  view,  the  present  invention  resides  in  a  f luidized 

bed  gasifier  for  the  gasification  of  carbonaceous  material ,   comprising  a  

vertically  disposed  elongated  vessel  defining  an  internal  ash  annulus 

region  disposed  within  a  lower  section  of  said  vessel  said  vessel  having 

a  sloping  floor,  disposed  within  said  vessel  in  said  ash  annulus  region,  

having  a  slope  angle  of  between  80°  and  45°  upwards  from  a  hor izon ta l  

reference,   said  floor  having  orifices,  extending  therethrough,   means  f o r  

the  injection  of  process  mediums  into  said  vessel,  said  injection  means  

extending  upwardly  through  said  floor  and  into  said  ash  annulus  region,  

and  means  for  discharging  ash  from  said  vessel,  said  discharge  means  

penetrat ing  said  floor  at  the  lower  edge  thereof,  charac te r ized   in  t h a t  

gas  injection  means  are  provided  in  the  area  of  said  ash  annulus  region 

for  the  injection  of  a  gas  downwardly  into  said  ash  annulus  region  and 

said  floor  has  a  slope  angle  of  between  80°  and  450  upwards  from  a  

horizontal  r e f e r e n c e .  

The  invention  will  become  more  readily  apparent  from  the  fol lowing 

description  of  a  preferred  embodiment  thereof  shown,  by  way  o f  

example  only,  in  the  accompanying  drawings,  in  which 

Fig.  1  is  a  sectional  elevational  view  of  a  fluidized  bed  gas i f i e r ;  

Fig.  2  is  a  sectional  elevational  view  of  the  annulus  section  of  a  f lu id-  

ized  bed  gasifier  in  accordance  with  the  invent ion;  



F i g u r e   3  i s   a  s e c t i o n a l   e l e v a t i o n a l   v i e w   of   a  

p o r t i o n   of  t h e   a n n u l u s   r e g i o n   of   t h e   f l u i d i z e d   bed   g a s i -  

f i e r   in   a c c o r d a n c e   w i t h   t he   i n v e n t i o n ;  

F i g u r e   4  i s   a  p l a n   v i e w   of   t h e   a n n u l u s   r e g i o n   o f  

a  f l u i d i z e d   bed  g a s i f i e r   in  a c c o r d a n c e   w i t h   the   i n v e n t i o n ;  

a n d  

F i g u r e   5  i s   a  s e c t i o n a l   e l e v a t i o n a l   v i e w   of  a  

p o r t i o n   of  t he   a n n u l u s   r e g i o n   of   t h e   f l u i d i z e d   bed   g a s i -  

f i e r   in  a c c o r d a n c e   w i t h   t h e   i n v e n t i o n .  

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

f l u i d i z e d   bed  g a s i f i e r   10  c o m p r i s i n g   a  g e n e r a l l y   e l o n g a t e d  

v e s s e l   12,  t he   b o t t o m   of  w h i c h   i s   p e n e t r a t e d   by  a  n o z z l e  

14,  w h i c h   e x t e n d s   u p w a r d l y   i n t o   t h e   v e s s e l   12.  P e n e t r a t -  

i n g   t h e   top   of  t he   v e s s e l   12  i s   a  p r o d u c t   gas  o u t l e t   1 6 .  

The  v e s s e l   12  has   t h r e e   m a j o r   h o r i z o n t a l   r e g i o n s :   1)  t h e  

bed   r e g i o n   18  in   t h e   u p p e r m o s t   p o r t i o n   of  t he   v e s s e l   12 

and  e x t e n d i n g   d o w n w a r d l y   to  a p p r o x i m a t e l y   t h e   t o p   of  t h e  

c o m b u s t i o n   f l a m e   15  f o r m e d   a t   t h e   t o p   of  t h e   n o z z l e   14;  2 )  

t h e   c o m b u s t o r   r e g i o n   19  b e l o w   t h e   bed   r e g i o n   18  and  a b o v e  

t h e   t op   of  t he   n o z z l e   14;  and  3)  t h e   a n n u l u s   r e g i o n   2 2  

e x t e n d i n g   f rom  t h e   t o p   of  t h e   n o z z l e   14  d o w n w a r d .   T h e r e  

i s   a l s o   shown  t he   c h a r   p a r t i c l e s   f l o w   p a t t e r n   20  and  t h e  

a g g l o m e r a t e d   ash  f l o w   p a t t e r n   21.   I t   can   be  s e e n   t h a t  

p a r t i c l e s   f l ow  u p w a r d l y   f rom  t h e   n o z z l e   14,  t h r o u g h   t h e  

f l a m e   15,  c i r c u l a t e   i n t o   and  t h r o u g h   t he   bed  r e g i o n   1 8 ,  

d o w n w a r d l y   t h r o u g h   t h e   c o m b u s t o r   r e g i o n   19  a n d - i n t o   t h e  

a n n u l u s   r e g i o n   22.  In  t h e   a n n u l u s   r e g i o n   22,  t h e   c h a r   a n d  

a s h   a re   s e p a r a t e d ,   c h a r   r e c i r c u l a t i n g   u p w a r d ,   and  a s h  

d e f l u i d i z i n g   d o w n w a r d .  

R e f e r r i n g   now  to  F i g u r e   2,  t h e r e   can   be  s e e n   t h e  

a n n u l u s   r e g i o n   22  of  t h e   v e s s e l   12.  C o n c e n t r i c   to  t h e  

n o z z l e   14  f rom  a  p o i n t   b e l o w   t h e   t o p   of  t h e   n o z z l e   14  a n d  

d o w n w a r d l y   may  be  an  i n n e r   b o o s t e r   24.  An  o u t e r   b o o s t e r  

26  may  be  e m b e d d e d   or  a t t a c h e d   to   t h e   v e s s e l   12  a t   a  

p o s i t i o n   w h i c h   i s   a p p r o x i m a t e l y   a t   t h e   same  e l e v a t i o n   a s  
t h e   t o p   of  t h e   i n n e r   b o o s t e r   24.   O n l y   one  of  t h e   b o o s t e r s  

24,  26  i s   n e c e s s a r y ,   b u t  p r e f e r a b l y   b o t h   are   u s e d .   T h e  



gas   i n j e c t e d   by  t h e   b o o s t e r s   24,  26  may  be  any  ga s ,   b u t   i s  

p r e f e r a b l y   s t e a m   or  c l e a n   r e c y c l e d   p r o d u c t   g a s .   A  s t e e p l y -  

s l a n t e d   f l o o r   28,   p r e f e r a b l y   s y m m e t r i c   on  e i t h e r   s i d e   o f  

t h e   n o z z l e   14,  i s   s i t u a t e d   a t   t h e   b o t t o m   of  t he   a n n u l u s  

22,  t he   c e n t e r   of   w h i c h   f l o o r   28  e x t e n d s   u p w a r d l y   t o w a r d s  

t h e   top   of  t h e   n o z z l e   14.  A  g a s ,   t y p i c a l l y   c l e a n   r e c y c l e d  

p r o d u c t   g a s ,   i s   i n j e c t e d   t h r o u g h   i n l e t   30  i n t o   a  f l o o r   g a s  

p l e n u m   31  b e n e a t h   t h e   f l o o r   28.   B e n e a t h   t h e   f l o o r   g a s  

p l e n u m   31  i s   an  a s h   p l e n u m   3 2 .  

L o o k i n g   now  to  F i g u r e s   3  and  4,  t h e r e   can   b e  

s e e n   a  more  d e t a i l e d   v i ew  of   t h e   a n n u l u s   22  s h o w i n g   t h e  

n o z z l e   14  s u r r o u n d e d   by  the   i n n e r   b o o s t e r   24  and  s h o w i n g  

a d d i t i o n a l   d e t a i l   of   t he   f l o o r   28.  The  f l o o r   28  may  be  a  

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

as  34,  36,  38  and  40.  Also   shown  a r e   h o l e s   42  t h r o u g h  

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

i n j e c t e d   i n t o   t h e   a n n u l u s   r e g i o n   22.   P e n e t r a t i n g   t h e  

f l o o r   28  i s   one  or   more   a sh   d i s c h a r g e   o p e n i n g s   4 4 .  

L o o k i n g   now  at   F i g u r e   5  t h e r e   can   be  s e e n   a  m o r e  

d e t a i l e d   v i e w   of  t h e   v e s s e l   12  s h o w i n g   t h e   a n n u l u s   r e g i o n  

22  i n s i d e   of  w h i c h   i s   t h e   n o z z l e   14  w h i c h   i s   s u r r o u n d e d   b y  

t h e   i n n e r   b o o s t e r   2 4 .   A t t a c h e d   t o ,   or   e m b e d d e d   i n ,   t h e  

v e s s e l   12  i s   t h e   o u t e r   b o o s t e r   26  w h i c h   may  be  c o m p r i s e d  

of  a  s i n g u l a r   c o i l e d   t u b e   46.  P e n e t r a t i n g   t h e   t u b e   46  may  
be  o u t e r   b o o s t e r   d i s c h a r g e   h o l e s   48  s i t u a t e d   in  a  m a n n e r  

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

12.  P e n e t r a t i n g   t h e   i n n e r   b o o s t e r   24  may  be  a  s e r i e s   o f  

i n n e r   b o o s t e r   d i s c h a r g e   h o l e s   50  to   i n j e c t   a  p r o c e s s  
medium  i n t o   t h e   v e s s e l   1 2 .  

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

v o i d ,   or  b u b b l e ,   in   t h e   bed  i n  a   m a n n e r   s i m i l a r   to  t h e  

i n j e c t i o n   of   a  gas   i n t o   a  l i q u i d .   I t   h a s   a l s o   b e e n   o b -  

s e r v e d   t h a t   t h e   i n j e c t i o n   of  gas   f r o m   a  number   of  u n i -  

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

f l u i d i z e d   bed   w i l l   b r e a k   up  l a r g e   b u b b l e s   by  d i s r u p t i o n   o f  

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



t h e   o v e r a l l   d y n a m i c s   of  t h e   f l u i d i z e d   bed .   c o n s e q u e n t l y ,  

b o t h   b o o s t e r s   24,  26  a r e   d i s p o s e d   u n i f o r m l y   a r o u n d   t h e   a s h  

a n n u l u s   in   such   a  m a n n e r   t h a t   l a r g e   b u b b l e s   r i s i n g   f r o m  

t h e   f l o o r   28  of  t he   v e s s e l   12  w i l l   be  e f f e c t e d   by  t h e   g a s  

i n j e c t e d   by  the   b o o s t e r s   24,  26  and  t h e r e b y   b r o k e n   u p .  

T h i s   s y s t e m   o p e r a t e s   in  t h e   f o l l o w i n g   m a n n e r .  

R e f e r r i n g   now  to  F i g u r e   1,  v a r i o u s   p r o c e s s   m e d i u m s   a r e  

i n j e c t e d   t h r o u g h   n o z z l e   14  i n t o   g a s i f i e r   v e s s e l   12.  A 

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

t e m p e r a t u r e s   f o r   the   p r o c e s s .   The  r e m a i n i n g   p a r t i c l e s   o f  

c o a l   a r e   h e a t e d   and  f l u i d i z e d   i n t o   a  bed  in  t he   bed   r e g i o n  

18.  As  c o a l   i s   g a s i f i e d   to   l e a v e   p a r t i c l e s   of  a g g l o m -  

e r a t e d   a s h ,   t he   ash ,   b e i n g   more  d e n s e ,   and  of  l a r g e r  

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

R e f e r r i n g   now  to  F i g u r e   2,  as  t h e   a g g l o m e r a t e d  

ash   d e f l u i d i z e s   i n t o   t h e   a n n u l u s   r e g i o n   22,  r a t h e r   t h a n  

f a l l i n g   d i r e c t l y   to  t he   f l o o r   28,  t h e   ash  i s   d e f l u i d i z e d  

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

i n t o   t h e   v e s s e l   12  t h r o u g h   t h e   f l o o r   28,  and  the   s t e a m ,   o r  

r e c y c l e d   p r o d u c t   gas  w h i c h   i s   i n j e c t e d   i n t o   t h e   v e s s e l   12 

t h r o u g h   t h e   b o o s t e r s   24,  26  p r o v i d e s   a  f l u i d i z i n g   f o r c e   t o  

r e s i s t   g r a v i t y .   T h i s   f l o w   of   f l u i d i z i n g   gas  p e r m i t s  

g r a d u a l   d e f l u i d i z a t i o n   of  t h e   h e a v i e r ,   l a r g e r   ash   a g g l o m -  

e r a t e s   ( w h i c h   d e s c e n d   w i t h   a  v e l o c i t y   of  b e t w e e n   1  and  2 

f e e t   p e r   m i n u t e ) ,   bu t   more  v i g o r o u s l y   f l u i d i z e s   t h e   l i g h t e r  

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

h e a v i e r   ash   p a r t i c l e s .   T h e s e   s e p a r a t e d   c h a r   p a r t i c l e s   a r e  

t r a n s p o r t e d   up  from  the   a n n u l u s   r e g i o n   22  i n t o   t h e   c o m b u s -  

t o r   r e g i o n   19  and  i n t o   t h e   b e d   r e g i o n   18  whe re   t h e   c a r b o n  

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

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

ash   a g g l o m e r a t e s   and  t r a n s p o r t   c h a r   b a c k   up  to  t h e   b e d  

r e g i o n   18  f o r   f u r t h e r   g a s i f i c a t i o n .  

The  e x t e n d e d   t i m e   s p e n t   in   t he   a n n u l u s   r e g i o n   22  

d e f l u i d i z i n g   a l s o   p r o v i d e s   t h e   ash   w i t h   t he   o p p o r t u n i t y   t o  

c o o l   f rom  t he   t e m p e r a t u r e   of   t h e   f l u i d i z e d   b e d .   T h e  

r e c y c l e d   ga s ,   t y p i c a l l y   i n j e c t e d   a t   a  t e m p e r a t u r e   b e t w e e n  



38°C  and  370°C ,   and  t h e   s t e a m ,   t y p i c a l l y   i n j e c t e d   a t   a  

t e m p e r a t u r e   b e t w e e n   100°C  and  480°C   c o o l   t he   ash   s i g n i f i -  

c a n t l y ,   f rom  above   870°C  when  i t   l e a v e s   the   b e d ,   to   a  

r a n g e   of  38°C  to  427°C  when  i t   i s   d i s c h a r g e d .   E v e n t u a l l y ,  

t he   ash  p a s s e s   t h r o u g h   t h e   f l o o r   28  t h r o u g h   ash   d i s c h a r g e  

o p e n i n g s   44  ( s e e   F i g u r e   4)  and   i n t o   t h e   ash  d i s c h a r g e  

p l e n u m   32  w h e r e   i t   can  be  f u r t h e r   d i s p o s e d   o f ,   s u c h   a s  

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

R e f e r r i n g   now  to  F i g u r e   3,  i t   can   be  s e e n   t h a t  

the   f l o o r   28  has   g r i d   gas  d i s c h a r g e   p e n e t r a t i o n s   42  t h r o u g h  

which   a  gas  s u c h   as  r e c y c l e d   p r o d u c t   gas   p a s s e s   f rom  t h e  

f l o o r   gas  p l e n u m   31  i n t o   t h e   a n n u l u s   r e g i o n   22  of  t h e  

v e s s e l   12.  P r e f e r a b l y ,   t h e s e   g r i d   gas  d i s c h a r g e   p e n e t r a -  

t i o n s   42  w i l l   be  d e s i g n e d   and  s i z e d   s u c h   t h a t   t he   p r e s s u r e  

d rop   a c r o s s   t h e   p e n e t r a t i o n s   42  i s   g r e a t e r   t h a n   30%  of  t h e  

bed  p r e s s u r e   d r o p .   I t   h a s   b e e n   d e t e r m i n e d   t h a t   t h i s  

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

p e n e t r a t i o n s   42  a t   d i f f e r e n t   l o c a t i o n s .   Such  f l o w   i m b a l -  

a n c e s   c o u l d   r e s u l t   in  l o s s   of  f l u i d i z i n g   a c t i o n   on  t h e   a s h  

a g g l o m e r a t e s   and  c h a r   in   t h e   a n n u l u s   r e g i o n   22.  O b v i o u s l y ,  

t he   bed  p r e s s u r e   d r o p   w i l l   d e p e n d   upon   s e v e r a l   v a r i a b l e s  

such   as  t h e   v e s s e l   o p e r a t i n g   p r e s s u r e   and  t h e   v e s s e l  

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

t h e s e   g r i d   gas   d i s c h a r g e   p e n e t r a t i o n s   42  w i l l   be  a p p r o x i -  

m a t e l y   o n e - h a l f   of  t he   t o t a l   gas   f ed   to  t h e   a n n u l u s   r e g i o n  
22  i n c l u d i n g   t h e   b o o s t e r s   24,   26.  T h i s   w i l l   h e l p   t o  

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

r e g i o n   22  i s   u n i f o r m .  

When  s e e n   in   c r o s s   s e c t i o n ,   t h e   f l o o r   28  m a y  
t y p i c a l l y   h a v e   an  a n g l e   of   b e t w e e n   80°  and  45° ,   a n d . p r e f -  

e r a b l y ,   a p p r o x i m a t e l y   70° ,   u p w a r d s   f rom  the   h o r i z o n t a l .  

Th i s   a n g l e   h e l p s   to  a s s u r e   t h e   r e m o v a l   of  l a r g e   a g g l o m e r -  
a t e d   ash  p a r t i c l e s   f o r m e d   in   t h e   bed .   The  a n g l e   of   i n t e r -  

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

s h a p e .   For  c o a l   t h a t   a n g l e   i s   60° ;   f o r   ash  a g g l o m e r a t e s  
45°;   and  f o r   c h a r   f i n e s   6 5 ° .   B e c a u s e   t h e   a n g l e   of   70°  i s  



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

d e r i v e d   s o l i d   m a t e r i a l s ,   no  l a r g e   p a r t i c l e s   of  a g g l o m -  

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

of   f l u i d i z i n g   g a s .   O b v i o u s l y ,   i t   w o u l d   be  a c c e p t a b l e   t o  

u s e   an  a n g l e   o f   b e t w e e n   70°  and  45°  i f   no  c o a l   or  c h a r  

f i n e s   we re   e x p e c t e d   to   f i n d   t h e i r   way  i n t o   t h e   a n n u l u s  

r e g i o n .  

L o o k i n g   now  a t   F i g u r e   4,  i t   can   be  s e e n   t h a t   t h e  

f l o o r   28  i s   p e n e t r a t e d   by  t he   n o z z l e   14  and  t h e   i n n e r  

b o o s t e r   24  and  a t   l e a s t   one  a sh   d i s c h a r g e   o p e n i n g   4 4 .  

P r e f e r a b l y ,   t h e   p e n e t r a t i o n   f o r   t h e   n o z z l e   14  and  t h e  

i n n e r   b o o s t e r   24  w i l l   be  in  t he   c e n t e r   and  t h e r e   w i l l   b e  

two  a sh   d i s c h a r g e   o p e n i n g s   44  on  o p p o s i t e   s i d e s   of  t h e  

v e s s e l   12  f rom  e a c h   o t h e r   and  t a n g e n t   to   t h e   w a l l   of  t h e  

v e s s e l   12  a t   t h e   l o w e s t   p o i n t   of  t h e   f l o o r   28.  The  r e -  

c y c l e d   gas   d i s c h a r g e d   t h r o u g h   t h e   f l o o r   28,  t h r o u g h   t h e  

f l o o r   gas   d i s c h a r g e s   42,  w i l l   be  a t   a n g l e s   w h i c h   w i l l  

d i r e c t   t h e   a s h   t o w a r d s   t h e   ash  d i s c h a r g e   o p e n i n g s   44  a n d  

away  f rom  t h e   w a l l   of   t he   v e s s e l   12.  In  a  p r e f e r r e d  

e m b o d i m e n t ,   t h e s e   f l o o r   gas  d i s c h a r g e s   42  w i l l   d i s c h a r g e  

f l o o r   gas   g e n e r a l l y   t o w a r d s   the   a sh   d i s c h a r g e   o p e n i n g   4 4  

and  s p e c i f i c a l l y   a t   an  a n g l e   8  w h i c h   i s   b e t w e e n   30°  to  4 5 °  

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

d i s c h a r g e   o p e n i n g s   4 4 .  

R e f e r r i n g   now  to  F i g u r e   5  t h e r e   i s   s e e n   a  m o r e  

d e t a i l e d   v i ew   of   t h e   i n n e r   b o o s t e r   24  and  t h e   o u t e r   b o o s t -  

e r   26.  The  i n n e r   b o o s t e r   24  may  c o n s i s t   of  a  c a p p e d   p i p e  

c o n c e n t r i c   to  t h e   n o z z l e   14  w i t h   a  s e r i e s   of  h o l e s   5 0  

w h i c h   p e n e t r a t e   t h e   i n n e r   b o o s t e r   24.   T h e s e   h o l e s   50  m a y  
be  made  s u c h   t h a t   gas   d i s c h a r g e d   f rom  them  w i l l   be  d i s -  

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

m e n t ,   a t   an  a n g l e   a p p r o x i m a t e l y   60°  downward   f rom  t h e  

h o r i z o n t a l .   The  o u t e r   b o o s t e r   26  may  g e n e r a l l y   c o n s i s t   o f  

a  c o i l e d   h o l l o w   p i p e   46  w i t h   o u t e r   b o o s t e r   d i s c h a r g e   p e n e -  
t r a t i o n s   48  made  s u c h   t h a t   t h e   d i s c h a r g e   of  a  gas   w o u l d   b e  

g e n e r a l l y   d o w n w a r d ,   and  in   t he   p r e f e r r e d   e m b o d i m e n t ,   a t   a n  

a n g l e   a p p r o x i m a t e l y   60°  downward   f rom  t h e   h o r i z o n t a l .  



These   p e n e t r a t i o n s   48  and  h o l e s   50  may  t y p i c a l l y   be  of  a  

d i a m e t e r   b e t w e e n   1 .6  mm  and  1 2 . 7   mm,  b u t   p r e f e r a b l y   a b o u t  

6 .35   mm  in  d i a m e t e r .  

The  i n n e r   and  o u t e r   b o o s t e r s   24,  26  p r o v i d e  

s e v e r a l   f u n c t i o n s .   F i r s t ,   t h e   b o o s t e r s   24,  26  p r o v i d e  

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

i n s i d e   t h e   a n n u l u s   22.  S e c o n d ,   t h e   b o o s t e r s   24  and  2 6  

p r o v i d e   a d d i t i o n a l   f l u i d i z i n g   g a s   in   t h e   a n n u l u s   2 2 ,  

p a r t i c u l a r l y   in   t h a t   s p a c e   a b o v e   t h e   b o o s t e r s   24,  26  a n d  

b e l o w   t h e   t op   of  t he   n o z z l e   14.  T h i r d ,   t he   b o o s t e r s  

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

the   a n n u l u s   r e g i o n   22  to  f a c i l i t a t e   p a r t i c l e   s e p a r a t i o n .  

I t   s h o u l d   be  n o t e d   t h a t   t h e   r e m o v a l   of  ash   f r o m  

the   s y s t e m   10  a f t e r   i t s   p a s s a g e   t h r o u g h   the   a n n u l u s   2 2 ,  

out   t h e   a sh   d i s c h a r g e   o p e n i n g s   44,  and  t h r o u g h   the   a s h  

p l enum  32  i s   t y p i c a l l y   c o n d u c t e d   w i t h o u t   t h e   l o s s   f rom  t h e  

v e s s e l   12  of  a  s i g n i f i c a n t   q u a n t i t y   of   gas .   T h i s   i s  

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

l o c k   h o p p e r   v a l v e s ,   w h i c h   a r e   w e l l   known  in  t he   a r t   a n d  

s e r v e s   s e v e r a l   p u r p o s e s .   F i r s t ,   o b v i o u s l y ,   i s   t h e   p r e v e n -  
t i o n   of  l o s s   of  v a l u a b l e   p r o d u c t   g a s .   S e c o n d ,   i t   p r o v i d e s  
t h a t   t he   g e n e r a l   f low  of  gas   in   t h e   a n n u l u s   22  i s   u p w a r d l y  
and  t h e r e f o r e   c o n d u c i v e   to   t h e   s l ow   d e f l u i d i z a t i o n   a n d  

c o o l i n g   of  a g g l o m e r a t e d   ash   f r o m   t h e   b e d .  



1.  A  f l u i d i z e d   bed  g a s i f i e r   f o r   t he   g a s i f i c a -  

t i o n   of  c a r b o n a c e o u s   m a t e r i a l ,   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 o s e d   e l o n g a t e d   v e s s e l   (12)  d e f i n i n g   an  i n t e r n a l   a s h  

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

s a i d   v e s s e l   ( 1 2 ) ,   s a i d   v e s s e l   h a v i n g   a  s l o p i n g   f l o o r   ( 2 8 ) ,  

d i s p o s e d   w i t h i n   s a i d   v e s s e l   (12)   in   s a i d   ash  a n n u l u s  

r e g i o n   ( 2 2 ) ,   h a v i n g   a  s l o p e   a n g l e   of  b e t w e e n   80°  and   4 5 °  

u p w a r d s   f rom  a  h o r i z o n t a l   r e f e r e n c e ,   s a i d   f l o o r   ( 2 8 )  

h a v i n g   o r i f i c e s ,   e x t e n d i n g   t h e r e t h r o u g h ,   means   (14 )   f o r  

t he   i n j e c t i o n   of   p r o c e s s   mediums   i n t o   s a i d   v e s s e l ,   s a i d  

i n j e c t i o n   means   ( 1 4 )   e x t e n d i n g   u p w a r d l y   t h r o u g h   s a i d   f l o o r  

(28)  and  i n t o   s a i d   a sh   a n n u l u s   r e g i o n   ( 2 2 ) ,   and  means   ( 4 4 )  

f o r   d i s c h a r g i n g   a s h   f rom  s a i d   v e s s e l   ( 1 2 ) ,   s a i d   d i s c h a r g e  

means   (44)   p e n e t r a t i n g   s a i d   f l o o r   (28)   a t   t he   l o w e r   e d g e  

t h e r e o f ,   c h a r a c t e r i z e d   in  t h a t   gas   i n j e c t i o n   means   ( 2 6 )  

a re   p r o v i d e d   in   t h e   a r e a   of  s a i d   a sh   a n n u l u s   r e g i o n   ( 2 2 )  

f o r   t h e   i n j e c t i o n   o f   a  gas   d o w n w a r d l y   i n t o   s a i d   a s h   a n n u -  

l u s   r e g i o n   and  s a i d   f l o o r   (25)  h a s   a  s l o p e   a n g l e   of   b e -  

t w e e n   80°  and  45°  u p w a r d s   f rom  a  h o r i z o n t a l   r e f e r e n c e .  

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

c l a i m   1,  c h a r a c t e r i z e d   in   t h a t   s a i d   f l o o r   (28)   c o m p r i s e s  
f i r s t   and  s e c o n d   s l o p e d   s u r f a c e   a r e a s   w h i c h   i n t e r s e c t   t o  

form  an  u p p e r   e d g e   in   t h e   c e n t e r   s e c t i o n   of  s a i d   a s h  

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

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



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

c l a i m   1  or  2,  w h e r e i n   s a i d   v e s s e l   (12)  f u r t h e r   c o m p r i s e s   a  

w a l l   c h a r a c t e r i z e d   in  t h a t   s a i d   gas   i n j e c t i o n   means   c o m -  

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

w a l l   and  d i s p o s e d   w i t h i n   s a i d   a s h   a n n u l u s .  

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

c l a i m   3,  c h a r a c t e r i z e d   in  t h a t   s a i d   gas   i n j e c t i o n   m e a n s  

(26)  is  d i s p o s e d   c o n c e n t r i c a l l y   to  s a i d   p r o c e s s   m e d i u m  

i n j e c t i o n   means   ( 1 4 ) .  

5.  A  p r o c e s s   f o r   c o o l i n g   a n d  d i s c h a r g i n g   a s h  

from  a  f l u i d i z e d   bed   g a s i f i e r   as  c l a i m e d   in   any  of  c l a i m s  

1  to  4,  w h e r e i n   t h e   f l u i d i z e d   b e d   of  s a i d   g a s i f i e r   c o m -  

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

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

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

s a i d   ash  p a r t i c l e s   a re   s e p a r a t e d   f rom  s a i d   c a r b o n a c e o u s  

m a t e r i a l   p a r t i c l e s   by  s u b j e c t i n g   s a i d   f l u i d i z e d   bed   t o  

f l u i d i z i n g   gas   w h i c h   i s   s u f f i c i e n t   to  f l u i d i z e   s a i d   c a r -  

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

s a i d   ash  p a r t i c l e s   and  s a i d   a sh   p a r t i c l e s   a re   d e f l u i d i z e d  

and  c o o l e d   in   an  a sh   a n n u l u s   of  s a i d   v e s s e l   and  a r e   f i n a l -  

ly  i m p a c t e d   on  t h e   s l a n t e d   f l o o r   of  s a i d   v e s s e l   and  d i s -  

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

a  gas  is  i n j e c t e d   i n t o   s a i d   a n n u l u s   r e g i o n   of  s a i d   v e s s e l  

in  a  d i r e c t i o n   w h i c h   i s   g e n e r a l l y   downward   and  t o w a r d s  

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

w a l l   at   a  l o w e r   edge   of  s a i d   f l o o r   to  c o o l   s a i d   a sh   p a r t i -  

c l e s   in  the   l o w e r   p a r t   of  s a i d   a n n u l u s   r e g i o n .  

6.  A  p r o c e s s   a c c o r d i n g   to  c l a i m   5,  c h a r a c t e r -  

i z e d   in  t h a t   s t e a m   is   i n j e c t e d   i n t o   s a i d   a n n u l u s   r e g i o n   a t  

a  t e m p e r a t u r e   of  b e t w e e n   315°C  and  427°C  and  s a i d   s t e a m  

and  s a i d   gas   a r e   u t i l i z e d   to  c o o l   s a i d   a sh   a g g l o m e r a t e s   t o  

a  t e m p e r a t u r e   of  b e t w e e n   93°C  and  150°C  as  s a i d   a s h  

a g g l o m e r a t e s   d e f l u i d i z e   t h r o u g h   s a i d   a n n u l u s   r e g i o n ;   a n d  

a d d i t i o n a l l y ,   gas   at   a  t e m p e r a t u r e   of  b e t w e e n   93°C  a n d  

150°C  is   i n j e c t e d   t h r o u g h   t h e   f l o o r   of  s a i d   a n n u l u s  

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



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