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Method  and  apparatus  for  fluidized  bed  combustion  of  a  fuel. 
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Air  (4)  is  passed  through  a  bed  (3)  of  particulate  mate- 
rial  for  fluidizing  the  bed  (3)  and  for  providing  combustion 
air  for  the  fuel,  whereafter  air  together  with  the  combustion 
gases  and  particles  entrained  in  said  gases  pass  through  a 
room  (5)  above  the  bed  to  an  exhaust  (6),  and  subsequently 
the  solid  particles  are  separated  from  the  air-combustion 
gases  flow  by  passing  the  gas  flow  from  the  exhaust  (6)  into 
a  cyclone  (11)  in  which  the  solid  particles  are  separated  and 
the  carbon  particles  and/or  particles  containing  carbon  are 
electrically  charged  by  friction  whereafter  said  particles  are 
passed  through  an  electrostatic  separator  (15)  so  that  the 
carbon  particles  and/or  particles  containing  carbon  drop  off 
the  separator  (15)  at  the  side  of  the  one  electrode  and  the 
ash  particles  at  the  other  side,  whereafter  first  mentioned 
particles  are  returned  into  the  bed  (3). 



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

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

bed  of  p a r t i c u l a t e   m a t e r i a l   c o n s i s t i n g   at  l e a s t   p a r t i a l l y  

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

t h r o u g h   a  s u p p l y   m e a n s ,   and  wh ich   a i r   s e r v e s   as  w e l l   f o r  

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

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

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

a b o v e   the   bed  to  an  e x h a u s t   and  s u b s e q u e n t l y   t he   s o l i d  

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

and  t he   s o l i d   p a r t i c l e s   a re   r e t u r n e d   in  t he   b e d .  

The  a p p l i c a t i o n   of  a  f l u i d i s e d   bed  has   b e e n  

r e c o g n i z e d   a l r e a d y   fo r   a  l o n g   t i m e   as  an  a t t r a c t i v e   m e a n s  

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

c o m p r i s e s   m o s t l y   a  m i x t u r e   of  an  i n e r t   m a t e r i a l ,   a 

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

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

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

the   f u e l .   As  a  r e s u l t   of  p a s s i n g   a i r   t h r o u g h   t he   bed  t h e  

bed  is  f l u i d i z e d   w h e r e b y   t h e   c o m b u s t i o n   of  t h e   f u e l   i s  

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

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

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

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

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

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

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

s u b s t a n c e s .  

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

must   be  s u f f i c i e n t l y   g r e a t   f o r   k e e p i n g   t he   bed  in  a  

f l u i d i z e d   s t a t e .   As  a  r e s u l t   a  p o r t i o n   of  t he   p a r t i c u l a t e  

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



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

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

f o r   b o n d i n g   t h e   s u l p h u r   w h i c h   have   not   ye t   a b s o r b e d   s u l p h u r  

c o m p o u n d s .  

Up  t i l l   now  a l l   e n t r a i n e d   p a r t i c l e s   a f t e r   h a v i n g  

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

r e t u r n e d   in  t h e   bed  by  means   of  some  back   s t o k e r   e q u i p m e n t  

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

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

p a r t i c l e s   as  a p p e a r s   f rom  t h e   f o l l o w i n g   t a b l e .  



T h e r e b y   m a s s - f l o w s   a re   a t t a i n e d   w h i c h   a r e   l a r g e r  

by  a  f a c t o r   3  t h a n   t he   c o a l   s u p p l y   so  t h a t   by  t h e  

c o n t i n u o u s   r e t u r n i n g   in  t he   bed  of  such   a  l a r g e   c o l d   f l o w  

of  m a t t e r   t h e   c o m b u s t i o n   in  t he   bed  i s   u n f a v o u r a b l y  

a f f e c t e d .  

The  o b j e c t   of  t he   i n v e n t i o n   i s   to  p r o v i d e   a  m e t h o d  

of  the   t y p e   m e n t i o n e d   h e r e i n   a b o v e   w h i c h   does   no t   have   s a i d  

d i s a d v a n t a g e s .  

T h i s   o b j e c t   is   o b t a i n e d   in  t h a t   in  t he   m e t h o d  

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

p a r t i c l e s   from  t he   a i r - c o m b u s t i o n   g a s e s   f low  a l s o   c a r b o n  

p a r t i c l e s   a n d / o r   p a r t i c l e s   c o n t a i n i n g   c a r b o n   a r e   s e p a r a t e d  

from  ash  p a r t i c l e s   and  t he   f i r s t   m e n t i o n e d   p a r t i c l e s   a r e  

e x c l u s i v e l y   r e t u r n e d   i n t o   t h e   b e d .  

The  c a r b o n   p a r t i c l e s   a n d / o r   p a r t i c l e s   c o n t a i n i n g  

c a r b o n   a re   s e p a r a t e d   from  t he   ash  p a r t i c l e s   f o r   i n s t a n c e   b y  

means   of  w i n d - s i f t i n g   or  by  h i g h   g r a d i e n t   m a g n e t i c  

s e p a r a t i o n   w i t h   a i r   as  f l u i d   or  in  a  s l u r r y .  

H o w e v e r ,   p r e f e r a b l y   an  e l e c t r o s t a t i c   s e p a r a t i o n   i s  

a p p l i e d   in  w h i c h   t h e   gas   f low  from  t h e   e x h a u s t   i s   p a s s e d  

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

and  t he   c a r b o n   p a r t i c l e s   a n d / o r   p a r t i c l e s  c o n t a i n i n g   c a r b o n  

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

p a r t i c l e s   a r e   p a s s e d   t h r o u g h   an  e l e c t r o s t a t i c   s e p a r a t o r   s o  

t h a t   t he   c a r b o n   p a r t i c l e s   a n d / o r   p a r t i c l e s   c o n t a i n i n g  

c a r b o n   d rop   o f f   t he   s e p a r a t o r   a t   t he   s i d e   of  t h e   o n e  

e l e c t r o d e   and  t he   ash  p a r t i c l e s   at  t he   o t h e r   s i d e  

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

t h e   b e d .  

In  t h i s   way  a  r e d u c e d   q u a n t i t y   of  m a t e r i a l   to  b e  

c a r r i e d   back   i n t o   t he   bed  i s   o b t a i n e d   so  t h a t  

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

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

i n t o   t he   bed  so  t h a t   s u b s t a n t i a l l y   no  back   s t o k i n g   s y s t e m  

is   n e c e s s a r y .  
However   when  a  s e p a r a t e   back   s t o k i n g   s y s t e m   i s  



u s e d   t h e n   t he   s y s t e m   may  be  much  s m a l l e r   h a v i n g   a  r e d u c e d  

n u m b e r   of  b a c k   s t o k i n g   p o i n t s .  

In  p a r t i c u l a r   in  t he   m e t h o d   a c c o r d i n g   to  t h e  

i n v e n t i o n   no  so  c a l l e d   c o l d   s p o t s   a r e   f o r m e d   in  t h e   b e d  

b e c a u s e   no  l a r g e   i n e r t   m a s s e s   a r e   c a r r i e d   back   i n t o   t h e  

b e d .   M o r e o v e r   in  t h e   m a t e r i a l   c a r r i e d   back   t he   c a r b o n  

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

t h e   o p e r a t i o n   can  be  c o n t r o l l e d   on  t he   b a s i s   of  t h e   c a r b o n  

c o n t e n t .   F u r t h e r   in  t he   m e t h o d   a c c o r d i n g   to  t he   i n v e n t i o n  

t he   ash  h a n d l i n g   i s   f a s t e r   and  b e t t e r   in  e q u i l i b r i u m .  

The  i n v e n t i o n   r e l a t e s   a l s o   to  an  a p p a r a t u s   f o r  

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

l e a s t   one  s u p p o r t   f o r   t he   bed  of  p a r t i c u l a t e   m a t e r i a l  

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

i n t o   t he   bed  and  means   fo r   p a s s i n g   a i r   t h r o u g h   s a i d   bed ,   a 

room  a b o v e   t h e   bed  and  a t   l e a s t   one  d i s c h a r g e   w h i c h   o p e n s  
in  t h e   top   p o r t i o n   of  s a i d   room  and  w h i c h   i s   i n  

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

p a r t i c l e s   f rom  t h e   g a s s   f l ow  from  t h e   d i s c h a r g e ,   in  w h i c h  

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

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

s e p a r a t i n g   c a r b o n   p a r t i c l e s   a n d / o r   p a r t i c l e s   c o n t a i n i n g  

c a r b o n   from  ash  p a r t i c l e s   and  t he   c o l l e c t o r   means  fo r   t h e  

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

w i t h   t h e   b e d .  

P r e f e r a b l y   t h e   c y c l o n e   i s   a  c y c l o n e   of  wh ich   t h e  
i n t e r i o r  i s   c o a t e d   w i t h   a  m a t e r i a l   by  w h i c h   t h e   c a r b o n  

p a r t i c l e s   a n d / o r   p a r t i c l e s   c o n t a i n i n g   c a r b o n   a r e  

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

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

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

A d v a n t a g e o u s l y   t h e   c o l l e c t o r   means   fo r   t he   c a r b o n  

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

s e p a r a t o r   i s   in  c o m m u n i c a t i o n   w i t h   t h e   means   fo r   f e e d 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   t h e   b e d .  

The  i n v e n t i o n   i s   d e s c r i b e d   in  more  d e t a i l   by  



r e f e r r i n g   to  t he   d r a w i n g   in  wh ich   an  a p p a r a t u s   fo r   c a r r y i n g  

out   the   m e t h o d   is   s c h e m a t i c a l l y   s h o w n .  

As  shown  in  the   d r a w i n g   the   a p p a r a t u s   c o m p r i s e s   a 

f i r e   c h a m b e r   1  in  w h i c h   a  s u p p o r t   2  p e r v i o u s   to  a i r   fo r   t h e  

f l u i d i z e d   bed  3  of  a  p a r t i c u l a t e   m a t e r i a l   i s   m o u n t e d .   S a i d  

bed  3  i s   f l u i d i z e d   in  t h a t   a i r   i s   s u p p l i e d   t h r o u g h   t h e  

c o m b u s t i o n   a i r   i n l e t   4  wh ich   a i r   f l o w s   t h r o u g h   the   s u p p o r t  

2  i n t o   the   bed  3.  Above  t he   bed  3  an  open  room  t he   s o  

c a l l e d   f r e e   b o a r d   is  p r o v i d e d   t h r o u g h   wh ich   the   g a s e s   f r o m  

the   bed  3  p a s s   w h i c h   g a s e s   a r e   p e r m i t t e d   to  l e a v e   t h e   f i r e  

c h a m b e r   1  t h r o u g h   t he   o u t l e t   6  s a i d   g a s e s   f l o w i n g   t h r o u g h  

c o o l i n g   s e c t i o n s   7 .  

The  p a r t i c u l a t e   m a t e r i a l   in  the   bed  3  i s  

r e p l e a n i s h e d   by  means   of  t he   m e t e r i n g   d e v i c e   8  wh ich   is   f e d  

by  the   c o a l   h o p p e r   9  and  the   l i m e   s t o n e   h o p p e r   1 0 .  

The  g a s e s   f l o w i n g   from  t he   o u t l e t   6  and  c o n t a i n i n g  

s o l i d   p a r t i c l e s   e n t r a i n e d   from  t he   bed  3  a r e   p a s s e d   i n t o  

the   c y c l o n e   11  in  w h i c h   t he   s o l i d   p a r t i c l e s   a r e   s e p a r a t e d  

and  f a l l   d o w n w a r d l y   w h e r e a s   t he   g a s e s   l e a v e   t h e  

c y c l o n e t h r o u g h   c o n d u i t   12  and  a r e   p a s s e d   to  t h e   f i l t e r   13  

fo r   c l e a n i n g   s a i d   g a s e s   the   d u s t   p a r t i c l e s   c a u g h t   in  t h e  

f i l t e r   13  l e a v i n g   the   f i l t e r   t h r o u g h   d i s c h a r g e   1 4 .  

The  c a r b o n   p a r t i c l e s   a n d / o r   p a r t i c l e s   c o n t a i n i n g  

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

c y c l o o n   11  so  t h a t   in  the   e l e c t r o s t a t i c   s e p a r a t o r   15 

p r o v i d e d   d o w n s t r e a m   of  t he   c y c l o o n   11  s a i d   c h a r g e d  

p a r t i c l e s   a re   a t t r a c k e d   by  the   e l e c t r o d e   at  the   one  s i d e   o f  

the   s e p a r a t o r   15  and  a r r i v e   in  c o l l e c t o r   room  15'   w h e r e a s  

the   ash  p a r t i c l e s   f a l l   i n t o   t he   c o l l e c t o r   room  1 5 ' '   a n d  

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

u n c h a r g e d   p a r t i c l e s   a r r i v e   i n t o   c o l l e c t o r   room  1 5 ' ' '   f r o m  

w h i c h   s a i d   p a r t i c l e s   a r e   c a r r i e d   to  f i l t e r   13  t h r o u g h  

c o n d u i t   16  w h e r e a s   t he   ash  p a r t i c l e s   a r e   d i s c h a r g e d   t h r o u g h  

c o n d u i t   17.  The  c a r b o n   p a r t i c l e s   a n d / o r   p a r t i c l e s  

c o n t a i n i n g   c a r b o n   a r e   c a r r i e d   back  t h r o u g h   c o n d u i t   18  f r o m  

the   c o l l e c t o r   room  15'   to  the   m e t e r i n g   d e v i c e   8  and  t h r o u g h  



s a i d   d e v i c e   i n t o   t he   bed  3 .  

In  t h e   bed  3  a  h e a t   e x c h a n g e r   19  i s   p r o v i d e d .  

F u r t h e r   a  p l u r a l i t y   of  c y c l o n e s   11  may  be  p r o v i d e d  

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



1.  A  m e t h o d   fo r   f l u i d i z e d   bed  c o m b u s t i o n   of  a  f u e l  

in  wh ich   a i r   is   p a s s e d   t h r o u g h   a  bed  of  p a r t i c u l a t e  

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

f u e l ,   wh ich   m a t e r i a l   i s   s u p p l i e d   t h r o u g h   a  s u p p l y   m e a n s ,  
and  wh ich   a i r   s e r v e s   as  w e l l   f o r   f l u i d i z i n g   t h e   bed  as  f o r  

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

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

e n t r a i n e d   in  s a i d   g a s e s   p a s s   t h r o u g h   a  room  above   the   b e d  

to  an  e x h a u s t   and  s u b s e q u e n t l y   t he   s o l i d   p a r t i c l e s   a r e  

s e p a r a t e d   from  the   a i r - c o m b u s t i o n   g a s e s   f low  and  the   s o l i d  

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

b e s i d e s   the   s e p a r a t i o n   of  t he   p a r t i c l e s   from  t h e  

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

p a r t i c l e s   c o n t a i n i n g   c a r b o n   a re   s e p a r a t e d   from  a s h  

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

r e t u r n e d   i n t o   t he   b e d .  

2.  Method   a c c o r d i n g   to  c l a i m   1,  c h a r a c t e r i z e d   i n  

t h a t   the   c a r b o n   p a r t i c l e s   a n d / o r   p a r t i c l e s   c o n t a i n i n g  

c a r b o n   a r e   s e p a r a t e d   from  t he   ash  p a r t i c l e s   by  p a s s i n g   t h e  

gas  f low  from  t he   e x h a u s t   i n t o   a  c y c l o n e   in  w h i c h   the   s o l i d  

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

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

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

e l e c t r o s t a t i c   s e p a r a t o r   so  t h a t   t he   c a r b o n   p a r t i c l e s   a n d / o r  

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

s i d e   of  t he   one  e l e c t r o d e   and  the   ash  p a r t i c l e s   at  t h e  

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

r e t u r n e d   i n t o   t he   b e d .  

3.  Method   a c c o r d i n g   to  c l a i m   1  or  2  c h a r a c t e r i z e d  

in  t h a t   t he   s e p a r a t e d   c a r b o n   p a r t i c l e s   a re   c a r r i e d   in  t h e  

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

4.  An  a p p a r a t u s   fo r   c a r r y i n g   ou t   t he   m e t h o d  

a c c o r d i n g   to  c l a i m s   1-3  c o m p r i s i n g   a  h o u s i n g   h a v i n g   a t  



l e a s t   one  s u p p o r t   f o r   t he   bed  of  p a r t i c u l a t e   m a t e r i a l   i n t o  

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

a b o v e   t he   bed  and  at  l e a s t   one  d i s c h a r g e   w h i c h   o p e n s   in  t h e  

top   p o r t i o n   of  s a i d   room  and  wh ich   i s   in  c o m m u n i c a t i o n   w i t h  

a  c y c l o n e   fo r   s e p a r a t i n g   the   s o l i d   p a r t i c l e s   from  the   g a s s  
f l ow  from  t h e   d i s c h a r g e ,   c h a r a c t e r i z e d   in  t h a t   t h e   s o l i d  

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

a  s e p a r a t o r   f o r   s e p a r a t i n g   c a r b o n   p a r t i c l e s   a n d / o r  

p a r t i c l e s   c o n t a i n i n g   c a r b o n   from  ash  p a r t i c l e s   and  t h e  

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

d e v i c e   i s   in  c o n n e c t i o n   w i t h   t h e   b e d .  

5.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   4  c h a r a c t e r i z e d   i n  

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

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

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

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

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

6.  A p p a r a t u s   a c c o r d i n g   to  c l a i m   4  or  5 ,  

c h a r a c t e r i z e d   in  t h a t   t h e   c o l l e c t o r   means   f o r   t he   c a r b o n  

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

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

t he   p a r t i c u l a t e   m a t e r i a l   i n t o   t he   b e d .  
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