
(19) 

Europaisches  Pa tentamt  

European  Patent  Office 

Office  europeen  des  brevets 

(2)  Publication  number: 0  1 0 1   1 4 3  

A 2  

112) EUROPEAN  PATENT  APPLICATION 

©  Application  number:  83300733.9 

@  Date  of  filing:  15.02.83 

©  IntCI.3:  C  10  J  3 /26  
C  10  J  3 /32  

©  Priority:  18.08.82  US  409099  ©   Applicant:  Rogers,  Chester  D. 
1104  Cedar  Hill  Drive 
Olathe  Kansas  66061  (US) 

©  Date  of  publication  of  application  : 
22.02.84  Bulletin  84/8  @  Inventor:  Rogers,  Chester,  D. 

1104  Cedar  Hill  Drive 
©  Designated  Contracting  States:  Olathe  Kansas  66061  (US) 

AT  BE  CH  DE  FR  GB  IT  LI  LU  NL  SE 
@  Inventor:  Daniels,  William  E. 

306  West  Plankishaw 
Paola  Kansas  66071  (US) 

©  Representative:  Wotherspoon,  Graham  et  al, 
F1TZPATRICKS  4  West  Regent  Street 
Glasgow  G2  1RS  Scotland(GB) 

CM 
<  

©  Conversion  of  biomass  into  combustible  gas. 

A  movable  grate  (50)  is  mounted  on  an  upright  pipe  (36) 
is  disposed  within  and  spaced  above  the  bottom  of  an 
upright  vessel  (12,14)  of  a  gasifier.  A  layer  (54)  of  loose,  high 
heat  resistant,  ball-like  elements  is  established  on  the  grate 
(50).  Biomass  is  continuously  charged  into  the  vessel  (12, 14) 
above  the  grate  (50)  and  combusted  so  as  to  form  a  char-bed 
of  biomass  immediately  above  the  layer  (54).  Combustion- 
supporting  gas  is  introduced  into  the  char-bed  and  drawn 
downwardly  through  the  char-bed,  the  layer  (54)  and  the 
grate  (50).  The  gas  generated  thereby  is  withdrawn  from  the 
vessel  (12,  14)  below  the  grate  (50)  by  means  of  a  fan  (72). 
The  grate  (50)  is  moved  so  as  to  move  the  individual 
elements  of  the  layer  (54)  and  effect  gravitational  filtering  of 
char-coal  particles  from  the  char-bed.  The  char-bed  is 
agitated  and  combustion-supporting  gas  is  introduced  into 
the  char-bed  by  the  pipe  (36)  and  the  tubular  branches  (62, 
64, 66). 





T h i s   i n v e n t i o n   r e l a t e s   to  the  c o n v e r s i o n   of  b i o m a s s   i n t o  

c o m b u s t i b l e   g a s .  

A  g a s i f i e r   is  known  f o r   c o n t i n u o u s   c o n v e r s i o n   of  b i o m a s s   i n t o  

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

b i o m a s s .  

One  a s p e c t   of  the  i n v e n t i o n   is  c h a r a c t e r i s e d   in  that   the  g a s i -  

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

s p a c e d   above   the  b o t t o m   t h e r e o f ,   the  g r a t e   be ing   i n t e n d e d   to  s u p p o r t  

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

hea t   r e s i s t a n t ,   d i s c r e t e ,   b a l l - l i k e   e l e m e n t s   c o v e r i n g   the  g r a t e ,   a  

c h a r - b e d   of  b i o m a s s ;   and  newly   c h a r g e d   b i o m a s s ,   m e a n s   f o r  

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

s u p p o r t i n g   gas,   and  s u c t i o n   m e a n s   c o m m u n i c a t i n g   with  the  v e s s e l  

b e l o w   the  g r a t e   for  d r a w i n g   c o m b u s t i o n - s u p p o r t i n g   gas  d o w n w a r d l y  

t h r o u g h   the  c h a r - b e d ,   the  l a y e r   and  the  g r a t e   and  c o n t i n u o u s l y  

w i t h d r a w i n g   g e n e r a t e d   gas  f r o m   the  v e s s e l .  

A n o t h e r   a s p e c t   of  the  i n v e n t i o n   is  a  p r o c e s s   of  g e n e r a t i n g  

gas  f r o m   the  c o n b u s t i o n   of  b i o m a s s ,   c h a r a c t e r i s e d   by  p r o v i d i n g  

a  g a s i f i e r   as  above ,   e s t a b l i s h i n g   a  l a y e r   of  l o o s e ,   high  h e a t  

r e s i s t a n t ,   d i s c r e t e ,   b a l l - l i k e   e l e m e n t s   on  the  g r a t e ,   c o n t i n u o u s l y  

c h a r g i n g   the  v e s s e l   with  b i o m a s s   above   the  l a y e r ,   c o m b u s t i h g  

the  b i o m a s s   so  as  to  f o r m   a  c h a r - b e d   of  b i o m a s s   i m m e d i a t e l y  

above   the  l a y e r ,   i n t r o d u c i n g   c o m b u s t i o n - s u p p o r t i n g   gas  into  t h e .  

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

t h r o u g h   the  c h a r - b e d ,   the  l a y e r   and  the  g r a t e   and  w i t h d r a w i n g  

g e n e r a t e d   gas  f r o m   the  v e s s e l   be low  the  g r a t e ,   m o v i n g   the  g r a t e  

so  as  to  move   the  i n d i v i d u a l   e l e m e n t s   of  the  l a y e r   and  e f f e c t  

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

and  a g i t a t i n g   the  c h a r - b e d .  

In  the  above   p r o c e s s ,   the  b a l l - l i k e   e l e m e n t s   a re   j o g g l e d   a n d  

d i s p l a c e d   wi thout   i n t e r r u p t i o n   so  as  to  c a u s e   a  b r e a k - u p   of  t h e  

c h a r - b e d   into  e x t r e m e l y   hot,  p a r t i a l l y   b u r n e d   p a r t i c l e s   and  i n d u c e  



the  p a r t i c l e s   to  sift   d o w n w a r d l y   into  the  l a y e r   of  b a l l - l i k e   e l e m e n t s  

for   h igh  t e m p e r a t u r e ,   l ive   p a r t i c l e   r e a c t i o n   t h e r e w i t h .   The   a m o u n t  

of  a s h   d r a w n   t h r o u g h   the  g r a t e   a long   with  the  gas  is  g e n e r a l l y  

m i n i m i s e d   and  the  t ime   r e q u i r e d   the  b i o m a s s   into  a  u s a b l e   c o m b u s -  

t ib le   gas  is  r e d u c e d   to  a  fu l ly   a c c e p t a b l e   r a t e ,  

An  e m b o d i m e n t   of  the  i n v e n t i o n   will   now  be  d e s c r i b e d ,   b y  

way  of  e x a m p l e ,   with  r e f e r e n c e   to  the  a c c o m p a n y i n g   d r a w i n g s .  



In   t h e   d r a w i n g s :  

F i g u r e   1  i s  a  c r o s s - s e c t i o n a l   v i e w   o f   a  

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

p r e s e n t   i n v e n t i o n   t a k e n   on  l i n e   1 - 1   o f   F i g .   2 ;  

F i g .   2  i s   a  t o p   p l a n   v i e w   t h e r e o f ;   a n d  

F i g s .   3  a n d   4  a r e   c r o s s - s e c t i o n a l - v i e w s  

t a k e n   on  l i n e   3 -3   and   4 - 4   r e s p e c t i v e l y   o f   F i g .   1 .  

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

t h e r e   i s   p r o v i d e d  a   g a s i f i e r   10  w h i c h   i n c l u d e s   a  

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

t u b u l a r   s e c t i o n   12  and   14  r e s p e c t i v e l y ,   r e l a t i v e l y  

t e l e s c o p e d   and   i n t e r c o n n e c t e d   by  a  s e r i e s   o f  

f l a n g e s   16  c o u p l e d   t o g e t h e r   t h r o u g h   u s e   o f   r e l e a s a b l e  

f a s t e n e r s   18.   T h e  s e c t i o n   12  h a s   an  o p e n   t o p   2 0  

a n d   t h e   s e c t i o n   14  i s   c l o s e d   by  an  u p p e r   p l a t e   2 2  

of   a  h o l l o w   b a s e   24  r e s t i n g   on  a  p a i r   o f   b e a m s   2 6 .  

The  s e c t i o n   14  i s   s u b s t a n t i a l l y   o f  

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

i n s u l a t i o n   28  o v e r l y i n g   o u t e r   i n s u l a t i n g   m a t e r i a l ,  

s u c h   as  s a n d   30,   s u p p o r t e d   by  t h e   p l a t e   22.   I n s u l a -  

t i o n   32  i s   a l s o   s u p p o r t e d   by  t h e   p l a t e   22  w i t h i n  

t h e   s e c t i o n   14,   t o g e t h e r   w i t h   s a n d   34  or   t h e   l i k e  

o v e r l y i n g   t h e   i n s u l a t i o n   3 2 .  

T h e  o p e n   t o p   2 0  o f   t h e   s e c t i o n   12  i s  

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

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

s e c t i o n   12 ,   and   an  e l o n g a t e d ,   u p r i g h t   ( p r e f e r a b l y  

v e r t i c a l )   d o w n d r a f t   a i r   s u p p l y   p i p e   36  i n   t h e   g e n -  

e r a t o r   10  ( p r e f e r a b l y   c o a x i a l   t h e r e w i t h )   i s   o p e n  
to   t h e   a t m o s p h e r e   a t   i t s   u p p e r m o s t   end   a b o v e   t h e  

b i o m a s s   m a t e r i a l s   in   t h e   g e n e r a t o r   10.  The  p i p e  

36  h a s   a  s o c k e t e d   p l u g   38  r e s t i n g   on  t h e   p l a t e   2 2  

and   a  f l a n g e   40  r e s t i n g   on  a  c o l l a r   42  s e c u r e d   t o  

t h e   p l a t e   22  and  s u r r o u n d i n g   t h e   p i p e   36  w i t h i n  

t h e   i n s u l a t i n g   m a t e r i a l s   32  and   3 4 .  



The  p i p e   36  i s   r o t a t e d   by  a  p r i m e   m o v e r  

( n o t   s h o w n )   t h r o u g h   a  s h a f t   44  e x t e n d i n g   i n t o   a  

g e a r   b o x   46  w i t h i n   t h e   b a s e   24 ,   t h e   o u t p u t   o f   t h e  

g e a r s   w i t h i n   t h e   b o x   46  b e i n g   a  r o t a t a b l e ,   p o l y g o n a l  

s t u b   48  e x t e n d i n g   t h r o u g h   t h e   p l a t e   22  and   m a t i n g  

w i t h   t h e   s o c k e t   i n   t h e   p l u g   38.   -  - 

A  g r a t e   5 0 , ' i n   t h e   n a t u r e   o f   a  c i r c u l a r ,  

p l a t e - l i k e ,   h o l d i n g   p l a t f o r m ,   p r o v i d e d   w i t h   a  

m u l t i t u d e   o f   o p e n i n g s   s u c h   as  s l o t s   52 ,   s u r r o u n d s  

t h e   p i p e   36  s p a c e d   a b o v e  t h e   i n s u l a t i o n   3 4 - a n d   i s  

r i g i d l y   s e c u r e d   to   t h e   p i p e   36  f o r   r o t a t i o n   t h e r e -  

w i t h ,   t h e   d i a m e t e r   o f   t h e   g r a t e   50  b e i n g   l e s s   t h a n  

t h e   i n s i d e   d i a m e t e r   o f   t h e   s e c t i o n   14.   A  l a y e r  

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

l i k e   ( p r e f e r a b l y   s p h e r i c a l )   e l e m e n t s   c o v e r s   t h e  

g r a t e   50.   R e s t i n g   on  t h e   l a y e r   5 4  i s   a  c h a r c o a l  

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

i n   t h e   s e c t i o n   14,   t h e   l e v e l   56  o f   s u c h   b e d   n o r m a l l y  

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

t h e   i n s u l a t i o n   28,   d e p e n d i n g   on  t h e   n a t u r e   o f   t h e  

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

c o n d i t i o n s   and   c i r c u m s t a n c e s .  

Means   f o r   d i r e c t i n g   c o m b u s t i o n - s u p p o r t i n g  

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

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

58  a n d   60  o f   t u b u l a r   b r a n c h e s   r e s p e c t i v e l y ,   a l l  

c o m m u n i c a t i n g   w i t h   and   s e c u r e d   to   t h e   p i p e   3 6  

w i t h i n   t h e  g e n e r a t o r   10.   The  u p p e r   a s s e m b l y   5 8  

i n c l u d e s   a  t o p   s e t   of   s u c h   b r a n c h e s   62  and   a  l o w e r  

s e t   o f   b r a n c h e s   64,   a l l   e x t e n d i n g   d o w n w a r d l y   a n d  

o u t w a r d l y   a t   an  a n g l e   f r o m   t h e   p i p e   36 ,   d i s c h a r g -  

i n g   o n t o   t h e   l e v e l   56  or   s l i g h t l y   t h e r e b e l o w .  

S t i l l   f u r t h e r ,   t h e r e   i s   p r o v i d e d   a  row  o f   a i r  

d i s c h a r g e   b r a n c h e s   66  w i t h i n   t h e   c h a r c o a l   b e d ,  

c o m m u n i c a t i n g   w i t h   and   s e c u r e d   to   t h e   p i p e   36 ,   a l l  



of   t h e   b r a n c h e s   6 2 ,   64  a n d   66  b e i n g   r o t a t a b l e   w i t h  

t h e   p i p e   3 6 .  

A  p l u r a l i t y   o f   r a d i a l   r o d s   68  e x t e n d i n g  

i n t o   t h e   g e n e r a t o r   10 ,   t h r o u g h   t h e   i n s u l a t i o n   2 8  

and   t h e   w a l l s   o f   t h e   s e c t i o n   14,   t o w a r d   t h e   p i p e  

36,   a r e   d i s p o s e d   a b o v e   t h e   l a y e r   54  and   w i t h i n   t h e  

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

b e d   by  t h e   r o t a t i n g   l a y e r   54.   The  r o d s   68  a r e  

r e m o v a b l e   f r o m   t h e   o u t s i d e   o f   t h e   g e n e r a t o r   10  t o  

p e r m i t   l i f t i n g   a n d   r e m o v a l   o f   t h e   p i p e   36  and   i t s  

a t t a c h e d   p a r t s   f r o m   t h e   g e n e r a t o r   1 0 .  

A  n u m b e r   o f   s t i r r i n g   e l e m e n t s   70  f o r   t h e  

b i o m a s s   m a t e r i a l s   i n   t h e   s e c t i o n   12  a r e   a r r a n g e d  

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

3 6 ,   r a d i a t i n g   t h e r e f r o m   f o r   r o t a t i o n   t h e r e w i t h .  

S u c t i o n   m e a n s ,   s u c h   as  a  c e n t r i f u g a l  

e x h a u s t   f a n   72 ,   h a v i n g   an  i n t e r n a l   v a n e d   r o t o r  

( n o t   s h o w n )   p r o v i d e d   w i t h   an  i n p u t   s h a f t   7 4 ,  

c o m m u n i c a t e s   w i t h   t h e   s e c t i o n   14  b e l o w   t h e   g r a t e  
50  by  m e a n s   o f   i n l e t   76  o f   t h e   f a n   72  w h i c h   e x -  

t e n d s   t h r o u g h   t h e   w a l l s   o f   t h e   s e c t i o n   14  a n d  

t h r o u g h   t h e   i n s u l a t i o n - 2 8   t h e r e o f .   The  f a n   72  h a s  

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

t h e   c h a r c o a l   b e d   f r o m   t h e   b r a n c h e s   62,   64  and  6 6 ,  

(b)  p u l l i n g   t h e   f l u i d   t h r o u g h   t h e   c h a r - b e d   a n d  

i n t o   t h e   l a y e r   54 ,   (c )   d r a w i n g   a i r   d o w n w a r d l y  

t h r o u g h   t h e   b i o m a s s   i n   t h e   s e c t i o n   12,   and   ( d )  

w i t h d r a w i n g   g e n e r a t e d   g a s   and  e n t r a i n e d   a s h   f r o m  

w i t h i n   t h e   g e n e r a t o r   1 0 .  

In   t h e   e v e n t   t h e   gas   b e i n g   d r a w n   d o w n -  

w a r d l y   t h r o u g h   t h e   s l o t s   52  by  t h e   f a n   72  c o n t a i n s  

any  u n b u r n e d   a s h ,   t h e   a s h - e n t r a i n e d   gas   may  b e  

f o r c e d   f r o m   o u t l e t   78  o f   t h e   f a n   72  i n t o   a  f i l t e r ,  

s u c h   as  a  c y c l o n e   s e p a r a t o r . ( n o t   s h o w n ) ,   b e f o r e  

t h e   c l e a n   g a s   i s   d i r e c t e d   by  t h e   f a n   72  t o   a  p o i n t  

o f   u s e   a n d / o r   p r i o r   c o o l i n g .  



OPERATION 

The  c o n t i n u o u s ,   g a s i f i c a t i o n   p r o c e s s   o f  

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

g a s e o u s   f u e l   t h r o u g h   u s e   o f   t h e   g a s i f i e r   10  a n d  

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

m a i n t e n a n c e   o f   t h e   s e c t i o n   12  s u b s t a n t i a l l y   f u l l  

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

o p e n   t o p   20  by   a n y   s u i t a b l e   m e a n s   ( n o t   s h o w n ) .   S u c h  

m a t e r i a l s   i n c l u d e   wood   c h i p s   as  a  p r i m e   e x a m p l e ,  

b u t   t h e   t e r m   " b i o m a s s " ,   as   h e r e i n u s e d ,   i s   i n t e n d e d  

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

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

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

w i t h i n   t h e   l a y e r   54  a n d   t o   r e l e a s e   c o m b u s t i b l e   g a s  

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

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

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

s e c t i o n   12  s o m e w h a t   l o o s e   and   a g a i n s t   b r i d g i n g   by  u s e  

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

70,   d e p e n d i n g   on  s u c h   f a c t o r s   as  t h e   n a t u r e ,   d e n -  

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

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

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

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

The  n e x t   s t e p  i s   to   p r o d u c e   and   m a i n t a i n  

a - c h a r c o a l   b e d   b e t w e e n   t h e   l a y e r   54  and   t h e   l e v e l  

56  w i t h i n   t h e   s e c t i o n  1 4 ,   i t   b e i n g - a n t i c i p a t e d  

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

a t   l e a s t   up  t o   a b o u t   2 4 0 0 °   F.  M a n i f e s t l y ,   t h i s   i s  

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

u s e   o f   t h e  s l o w l y   r o t a t i n g   p i p e   36  and   i t s   b r a n c h e s  

62,   64  a n d   66,   w i t h   an  a d e q u a t e   s u p p l y   o f   r e a c t i o n -  

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

o r   by  f e e d i n g   o x y g e n   t o   t h e   u p p e r   end   o f   t h e   p i p e  



36  i n   t h e   d o w n d r a f t ,   n e g a t i v e   p r e s s u r e   s y s t e m .  

The  f a c t   t h a t   t h e   b r a n c h e s   62,   64  a n d   66  a r e  

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

e v e n   f l u i d   d i s p e n s i n g   r e s u l t s .  

The  r o t a t i n g  b r a n c h   66  k e e p s   t h e   c o n -  

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

m i g h t   o t h e r w i s e   t e n d   to   c a k e   and   r e d u c e   t h e   r e -  

a c t i o n   r a t e .   H o w e v e r ,   b e s t   r e s u l t s   may  n o t   b e  

p o s s i b l e .  i f   t h e   b e d   t e n d s   to   r o t a t e   as  a  h o m o g e n -  

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

t h e   p r o v i s i o n   o f  t h e   r e t a r d e r   r o d s   68 ,   a s s u r i n g   a  

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

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

b o t h   a c c u r a t e   and   e v e n   m i x i n g   w i t h   t h e   f u e l .   T h e  

r e a c t i o n   i s   s u c h   as  to   b r e a k   down  t h e   c h a r ,   c r a c k -  

i n g   t h e   t a r s   and  o i l s   and   r e l e a s i n g   t h e   o x y g e n   a n d  

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

t h r o u g h   t h e  c h a r - b e d   by  t h e   f a n   7 2 .  

P e r h a p s   t h e   m o s t   i m p o r t a n t   f e a t u r e   o f  

t h e   c o n t i n u o u s   g e n e r a t o r   10  i s   t h e   l a y e r   54  a n d  

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

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

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

g r a t e   or   h o l d i n g   p l a t f o r m   50  on  w h i c h ' i s   p r o v i d e d  

t h e   h i g h   t e m p e r a t u r e   b a l l s   o f   t h e   l a y e r   54 .   I n  

t h e   l a y e r   54 ,   c a r s   and   o i l s   a r e   f u r t h e r   c r a c k e d  

and   t h e   c h a r   i s   t h e n   b r o k e n   down  t o   a  f i l t e r a b l e  

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

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

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

a r e   e v e n l y   p u l l e d   i n t o   t h e   g a s  s u c t i o n   f a n   7 2 .  

N o t a b l e   i s   t h e   f a c t   t h a t   t h e   p i p e   36  i s  

n o t   r e s t r a i n e d   f o r   r o t a t i o n   a b o u t   an  e x a c t   v e r t i -  

c a l   a x i s   b u t   t h a t ,   i n s t e a d   i t   can   and   d o e s ,   t o   a  

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



m o v e m e n t   w i t h i n   t h e   l i m i t s   o f   m o v e m e n t   ( o t h e r   t h a n  

r o t a t i o n a l )   o f   t h e   g r a t e   50  as   c o n f i n e d   by  t h e  

s e c t i o n   14.  T h i s ,   t o   some  p o s s i b l e   e x t e n t ,   i m p r o v e s  

t h e   a c t i o n s   a n d   d e s i r e d   e f f e c t s   o f   t h e   e l e m e n t s   7 0  

and   t h e   b r a n c h e s   62,   64  and   66.   Bu t   m o r e   i m p o r -  

t a n t l y ,   t h e   b a l l s   o f   t h e   l a y e r   54  a r e   c o n s t a n t l y  

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

a n d ,   n o t   to   be   o v e r l o o k e d   i s   t h e   f r i c t i o n a l ,  

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

i n n e r   f a c e   o f   t h e   s e c t i o n   14 ,   c a u s i n g   t h e   b a l l s   t o  

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

g r a t e   50  d u r i n g   r o t a t i o n   o f   t h e   g r a t e   50  and   t h e  

l a y e r   54  a t   a  r a t e ,   f o r   e x a m p l e ,   o f   b u t   one   r e v o -  

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

a r e   n o t   m a i n t a i n e d   a n d _ t h e   i n n e r   f a c e   o f   t h e  

s e c t i o n   14  i s   n o t   p e r f e c t l y   c y l i n d r i c a l ,   a l l   o f  

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

c h a r c o a l   p a r t i c l e s   i n t o   t h e   a n t i - p l u g g i n g   b e d   5 4  

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

The  f a n   72  p u l l s   a  s t a t i c   p r e s s u r e   t o  

m a i n t a i n   an  e v e n   gas   p r o d u c t i o n   r a t e   w h i l e   p r o v i d -  

i n g   a  p o s i t i v e   p r e s s u r e   a t   t h e   f a n   e x i t   78.   T h e  

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

s y s t e m   to   r e m o v e   p a r t i c u l a t e s   down  t o  a p p r o x i m a t e l y  

15  m i c r o n s .   The  c l e a n   gas   may  t h e n   be  f u r t h e r  

f i l t e r e d ,   i f   d e s i r e d ,   c o o l e d   a n d   p l a c e d   i n   i n d u s -  

t r i a l   u s e .   A l l   m o v e m e n t   i n   t h e   s y s t e m   i s   s y n -  
c h r o n i z e d   and   t h e   gas   p r o d u c t i o n   may  be   v a r i e d   t o  

s u i t   t h e   o u t p u t   d e s i r e d .  

The  a m o u n t   o f   p o t a s h   a c t u a l l y   p u l l e d  

f r o m   b e n e a t h   t h e   g r a t e   50  f o r   f l o w   i n t o   t h e   i n l e t  

76  i s   q u i t e   m i n i m a l   ( d e p e n d i n g ,   o f   c o u r s e ,   u p o n  

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

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

t h e   b a l l s   w i t h i n   t h e   l a y e r   54 ,   t h e   r e s u l t   b e i n g   a  



h i g h   q u a l i t y   gas   h a v i n g   a  h e a t   q u a n t i t y   (BTU)  a s  

h i g h   a s   200  o r   b e t t e r .  

A f t e r   l o n g   p e r i o d s   o f   u s e ,   we  h a v e   f o u n d  

no  s l a g   o r   c l i n k e r   r e s i d u e   a b o v e   t h e   g r a t e   5 0  

and   n o t e d   t h a t   much   o f   t h e   t i m e   m o s t   r o c k s   a n d  

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

d i s i n t e g r a t e d   t h e   r e a c t i o n   z o n e s .  

The  n a t u r e ,   s i z e   and   s h a p e   o f   t h e   g e n e r a l l y  

r o u n d   b a l l s   o f   t h e   l a y e r   54  may  v a r y   a l t h o u g h   d i a -  

m e t e r s   o f   1 / 2 "   t o  2 "   a r e   q u i t e   s a t i s f a c t o r y   w i t h  

t h e   s l o t s   52  b e i n g ,   f o r   e x a m p l e ,   a p p r o x i m a t e l y  

3 / 8 "   x  1"  in   s i z e   or   a t   l e a s t   s m a l l   e n o u g h   n o t   t o  

p a s s   t h e   b a l l s   o f   t h e   l a y e r   54 ,   w h i l e   a t   t h e   s a m e  

t i m e   n o t   i m p e d e   t h e   f l o w   o f   g a s   a n d   a s h .   S t a i n l e s s  

s t e e l   i s   s u g g e s t e d   as  one   p o s s i b i l i t y   i f   o b t a i n -  

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

s t a n d p o i n t ,   u s e   o f   b a l l s   h a v i n g   a  90  t o   98  p e r c e n t  

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

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

d u c t i l e ,   m a l l e a b l e   m e t a l   w h i c h   f u s e s   w i t h   d i f -  

f i c u l t y ,   s u c h   as  p l a t i n u m ;   and   t h e   e x t e n t   to   w h i c h  

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

c e s s   w i l l   f u r t h e r   e n h a n c e   t h e   q u a l i t y   o f   t h e  

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

p u l l e d   d o w n w a r d l y   i n t o   t h e   o p e n   t o p   20 ,   as   w e l l   a s  

i n t o   p i p e   36,   f l o w s   r e a d i l y   t h r o u g h   t h e   m a t e r i a l s  

s t i r r e d   by  t h e   e l e m e n t s   70,   and   i s   d i s p e r s e d   e v e n l y  

t h r o u g h o u t   t h e   c h a r - b e d   by  t h e   b r a n c h e s   62 ,   64  a n d  

66  i n a s m u c h   as  t h e   c h a r - b e d   i s   k e p t   l o o s e   by  t h e  

b r a n c h   6 6 .   H e n c e ,   t h e r e   i s   no  r e a c t i o n   s l o w - d o w n  

b e c a u s e   o f   f l u i d   s t a r v a t i o n   or   b e c a u s e   o f   c a k i n g  

or   c l i n k e r i n g   as  t h e   r e s u l t   of   t h e   h e a t .  

The  a c t i o n   c a u s e s . b r e a k - u p   o f   t h e   c h a r -  

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



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

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

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

t h e   c o n s t a n t l y   m o v i n g   l a y e r   54  w h e r e i n   f u r t h e r   r e -  

a c t i o n   t a k e s   p l a c e   s u c h   t h a t   t h e   p a r t i c l e s   d i s i n -  

t e g r a t e   r a t h e r   q u i c k l y   w e l l   s u p p o r t e d   by  a n - a d e q u a t e  

s u p p l y   o f   t h e   f l u i d   b e i n g   p u l l e d   i n t o   t h e   l a y e r   5 4 .  

The   b a l l s   o f   t h e   l a y e r   54  c o n s t a n t l y   a c t  

f r i c t i o n a l l y   on  t h e   l o w e r   f a c e   of   t h e   c h a r - b e d   t o  

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

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

a r e   k e p t   i n   a  l o o s e   c o n d i t i o n ,   t h e   p a r t i c l e s  

r e a d i l y   s i f t   i n t o   t h e   l a y e r   54  and   a r e   n o t   o n l y  

k e p t   i n   m o t i o n ,   b u t   a r e   f u r t h e r   b r o k e n   up  by  t h e  

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

5 4 .  

The  b a l l   m o v e m e n t   i s   n o t   l i m i t e d   to   t h e  

r o t a t i o n   o f   t h e   l a y e r   54 .   The  p a r t i c l e s   t h e r e w i t h i n  

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

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

l a y e r   54  f r i c t i o n a l l y   e n g a g e s   t h e   i n n e r   w a l l   o f  

t h e   s e c t i o n   14  d u r i n g   r o t a t i o n   of   t h e   l a y e r   5 4 .  

S t i l l   f u r t h e r ,   i n a s m u c h   as   t h e   p i p e   3 6  r o t a t e s  

u n s t e a d i l y ,   t h e   p l a t f o r m   50,   a n d   t h e r e f o r e ,   t h e  

l a y e r   54 ,   t e n d   to   w o b b l e   and   v i b r a t e .   The  p i p e   3 6  

i s   u n r e s t r a i n e d   by  b e a r i n g s ,   s l e e v e s   or   c o l l a r s  

and   i t s   f i t   w i t h i n   t h e   c o l l a r   42,   as  w e l l   as  t h e  

f i t   o f   t h e   s t u b   48  i n   t h e   p l u g   3 8  i s   l o o s e   a n d  

s l o p p y .  

A l l   i n   a l l   t h e n ,   t h e   b a l l s   r o l l ,   j o g g l e ,  

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

on  t h e   p l a t f o r m   50  a n d   w i t h i n   t h e   l a y e r   54  s u c h  

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

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

r e m o v e d ,   d u s t y   a s h   p a s s i n g   i n t o   t h e   f a n   72.  T h e  



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

s i o n   o f   a  w i d e  v a r i e t y  o f   b i o m a s s   i n t o   a  r e l a t i v e l y  

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

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

s u r e   s y s t e m ,   s u c c e s s f u l l y   c o n t r i b u t i n g   to   t h e   s o l u -  

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

e x i s t i n g   i n   p r i o r   b i o m a s s   g a s i f i c a t i o n   p r o c e s s e s  
and   e q u i p m e n t .  



1 .   A  g a s i f i e r   for   c o n t i n u o u s   c o n v e r s i o n   of  b i o m a s s   into  a  

c o m b u s t i b l e   gas ,   c o m p r i s i n g   an  u p r i g h t   v e s s e l   ( 12 ,14 )   f o r  

r e c e i v i n g   b i o m a s s ,   c h a r a c t e r i s e d   in  that   the  g a s i f i e r   a l s o  

c o m p r i s e s   a  m o v e a b l e   g r a t e   (50)  d i s p o s e d   w i t h i n   the  v e s s e l   ( 1 2 , 1 4 )  

and   s p a c e d   above   the  b o t t o m   t h e r e o f ,   the  g r a t e   (50)  be ing   i n t e n d e d  

to  s u p p o r t   a  c o l u m n   c o n s i s t i n g ,   in  a s c e n d i n g   o r d e r ,   of  a  l a y e r   ( 5 4 )  

of  l o o s e ,   h igh  hea t   r e s i s t a n t ,   d i s c r e t e ,   b a l l - l i k e   e l e m e n t s  

c o v e r i n g   the  g r a t e   (50),  -a  c h a r - b e d   of  b i o m a s s ,   and  n e w l y  

c h a r g e d   b i o m a s s ,   m e a n s   (36,  62,  64,  66)  for   a g i t a t i n g   the  c h a r - b e d  

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

m e a n s   (72)  c o m m u n i c a t i n g   (a t :76)   with  the  v e s s e l   (12 ,14 )   b e l o w  

the  g r a t e   (50)  for   d r a w i n g   c o m b u s t i o n - s u p p o r t i n g   gas  d o w n w a r d l y  

t h r o u g h   the  c h a r - b e d ,   the  l a y e r   (54)  and  the  g r a t e   (50)  a n d  

c o n t i n u o u s l y   w i t h d r a w i n g   g e n e r a t e d   gas  f r o m   the  v e s s e l   ( 1 2 , 1 4 ) ,  

2.  A  g a s i f i e r   a c c o r d i n g   to  c l a i m   1,  w h e r e i n   the  v e s s e l   i n  

c y l i n d r i c a l   in  that   the  m e a n s   (36,  62,  64,  66)  for   a g i t a t i n g   t h e  

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

c o m p r i s e s   and  u p r i g h t   pipe  (36)  m o u n t e d   (at  4 0 , 4 2 )   at  the  b o t t o m  

of  the  v e s s e l   ( 1 2 , 1 4 )   for   r o t a t i o n   wi th in   the  v e s s e l   (12 ,14 )   and  h a v -  

ing  a n  i n l e t   at  its  u p p e r - e n d   for  i n t r o d u c t i o n   of  c o m b u s t i o n -  

s u p p o r t i n g   gas,   and  b r a n c h   p ipes   (62,  64,  66)  e x t e n d i n g   f r o m   t h e  

u p r i g h t   pipe  (36)  i n t e r m e d i a t e   its  ends  for   both   a g i t a t i n g   t h e  

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

and  in  that  the  g r a t e   (50)  is  c i r c u l a r   and  is  m o u n t e d   on  the  u p r i g h t  

pipe  (36)  for  r o t a t i o n   t h e r e w i t h   be low  the  b r a n c h   p ipes   (62,  64,  66 )  

3.  A  g a s i f i e r   a c c o r d i n g   to  c l a i m   2,  c h a r a c t e r i s e d   in  t h a t  

s t i r r i n g   e l e m e n t s   (70)  ex t end   f r o m   the  u p r i g h t   pipe  (36)  above   t h e  

b r a n c h   p ipes   (62,  64,  66)  and  a r e   r o t a t a b l e   with  the  up r igh t   p i p e  

(36)  for   a g i t a t i n g   the  n e w l y - c h a r g e d   b i o m a s s .  

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

tha t   s t a t i o n a r y   e l e m e n t s   (68)  ex t end   i n w a r d   f r o m   the  wall   of  t h e  

v e s s e l   ( 1 2 , 1 4 )   t o w a r d s   the  u p r i g h t   pipe  (36)  i n t e r m e d i a t e   t h e  

b r a n c h   p ipes   (62,  64,  66)  and  the  g r a t e   (50)  for   r e t a r d i n g   r o t a t i o n  



of  the  c h a r - b e d .  

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

in  that  the  upr igh t   pipe  (36)  is  m o u n t e d   (at  4 0 , 4 2 )   only  at  i t s  

l o w e r   end  for  r o t a t i o n   in  the  b o t t o m   of  the  v e s s e l   (12 ,14)   and  t h e  

c i r c u l a r   g ra te   (50)  has  a  c l e a r a n c e   f rom  the  wall   of  the  v e s s e l  

(12, 14)  so  that  the  u p r i g h t   pipe  (36)  can  wobble  while   r o t a t i n g .  

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

e r i s e d - i n   that  the  v e s s e l   (12, 14)  is  open  to  a t m o s p h e r e   at  i t s  

u p p e r   e n d .  

7.  A  p r o c e s s   of  g e n e r a t i n g   gas  f rom  the  c o m b u s t i o n   of  

b i o m a s s ,   c h a r a c t e r i s e d   by  p r o v i d i n g   a  g a s i f i e r   (10)  a c c o r d i n g   t o  

any  p r e c e d i n g   c l a i m ,   e s t a b l i s h i n g   a  l a y e r   (54)  of  loose ,   high  h e a t  

,  r e s i s t a n t ,   d i s c r e t e ,   b a l l - l i k e   e l e m e n t s   on  the  g ra te   (50),  c o n t i n -  

uous ly   c h a r g i n g   the  v e s s e l   ( 1 2 , 1 4 )   with  b i o m a s s   above  the  l a y e r  

(54),  c o m b u s t i n g   the  b i o m a s s   so  as  to  form  a  c h a r - b e d   of  b i o m a s s  

i m m e d i a t e l y   above  t h e - l a y e r   (54),  i n t r o d u c i n g   c o m b u s t i o n -  

s u p p o r t i n g   gas  into  the  c h a r - b e d ,   d r awing   the  c o m b u s t i o n -  

s u p p o r t i n g   gas  d o w n w a r d l y   t h r o u g h   the  c h a r - b e d ,   the  l a y e r   ( 54 )  

and  the  gra te   (50)  and  w i t h d r a w i n g   g e n e r a t e d   gas  f rom  the  v e s s e l  

(12 ,14 )   below  the  g ra t e   (50),  m o v i n g   the  g ra te   (50)  so  as  to  m o v e  

the  ind iv idua l   e l e m e n t s   of  the  l a y e r   (54)  and  effect   g r a v i a t i o n a l  

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

the  c h a r - b e d .  
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