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©  Reactor  and  method  for  feeding  caking  coal  particles  to  a  gasifier. 

An  improved  apparatus  and  method  for  feeding  caking 
coal  particles  to  a  fluidized  bed  gasifier,  without  prior  pre- 
treatment,  is  disclosed.  The  coal  particles  are  entrained  in  a 
gaseous  stream  in  the  carrier  vessel  (44)  directly  into  the 
bottom  of  the  fluidized  bed  (16)  around  the  outer  perimeter 
thereof  at  a  plurality  of  points  and  at  a  predetermined  high 
velocity,  such  that  the  coal  particles  are  shock  heated  and 
charred. 



The  present   inven t ion   r e l a t e s   g e n e r a l l y   to  an  appara tus   and  method 

for  conve r t ing   carbonaceous  p a r t i c l e s   into  a  fuel  gas.  More  p a r t i c u l a r l y ,  

the  p resen t   inven t ion   r e l a t e s   to  an  improved  coal  convers ion   a p p a r a t u s  

and  method  whereby  pr ior   p r e t r e a t m e n t   of  the  coal  in  a  s epa ra te   p r o c e s s i n g  

zone  is  s u b s t a n t i a l l y   avo ided .  

In  the  g a s i f i c a t i o n   of  coal ,   it  is  well  known  that  c e r t a i n   c o a l s ,  

p a r t i c u l a r l y   bituminous  coal,  become  p l a s t i c   and  s t icky   under  c e r t a in   tem- 

p e r a t u r e   c o n d i t i o n s .   In  this   p l a s t i c   s t a t e ,   the  coal  p a r t i c l e s   can  cake  o r  

agg lomera te .   This  caking  or  agg lomera t ion   i n t e r f e r e s   with  g a s i f i c a t i o n   and 

consequen t ly   must  be  s u b s t a n t i a l l y   reduced  or  e l imina ted   for  an  e f f i c i e n t  

g a s i f i c a t i o n   p r o c e s s .  
Various  methods  to  reduce  agg lomera t ion   are  known.  As  d i s c l o s e d  

in  United  States   Patent  2 ,805,189,   the  coal  p a r t i c l e s   can  be  mildly  o x i  -  

dized  with  a  gas  con ta in ing   oxygen,  such  as  a i r .   This  method  has  the  d i s -  

advantages   of  genera t ing   large  amounts  of  heat  that  are  d i f f i c u l t   to  r e -  

cover  and  conver t ing   a  por t ion   of  the  carbon  value  of  the  coal  to  carbon  

d iox ide .   In  add i t i on ,   the  gaseous  byproducts   of  the  p r e t r e a t m e n t   step  con- 

ta in   va luab le   hydrocarbon  l iqu ids   which  are  los t ,   unless  s e p a r a t e l y  

t r e a t e d ,   from  the  product  gases.   This,  however,  s u b s t a n t i a l l y   i n c r e a s e s  

the  c a p i t a l   expendi ture   for  the  g a s i f i e r   u n i t .  

Another  method  of  p r e t r e a t i n g   coal  is  i l l u s t r a t e d   in  United  S t a t e s  

Patent   2 .582.712.   A  s ingle   volume  of  raw  pu lve r i zed   feed  coal  is  admixed 



with  15  to  30  volumes  of  hot  c i r c u l a t i n g   r es idue   recovered  from  the  g a s i -  

f i c a t i o n   r e a c t i o n .   This  r ap id ly   p r ehea t s   the  coal  to  g a s i f i c a t i o n   tem- 

p e r a t u r e s   and,  t h e r e f o r e ,   s u b s t a n t i a l l y   avoids  coal  agg lomera t ion .   How- 

ever,   the  c i r c u l a t i o n   of  high  volumes  of  ab ras ive   so l id   p a r t i c u l a t e   mat-  

ter   has  the  obvious  d i s advan tages   of  equipment  wear  and  e x p e n s e .  
A  method  of  i n t r o d u c i n g   coal  d i r e c t l y   into  a  f l u i d i z e d   bed  i s  

i l l u s t r a t e d   in  U.S.  Patent   3 ,927 ,996 .   In  th is   method,  coal  is  e n t r a i n e d  

in  a  c a r r i e r   gas  and,  i n j e c t e d   at  a  s u p e r f i c i a l   gas  v e l o c i t y   of  15-; 

1,000  f t .   per  second  at  an  acute  angle  down  into  the  uppe r  o r   c o o l e r  

p o r t i o n   of  the  f lu id   bed.  The  v e l o c i t y   of  the  c a r r i e r   gas  is  ad ju s t ed   i n  

response   to  the  amount  of  f ines  c a r r i e d   overheat   to  con t ro l   f ines  l o s s .  

This  ad jus tment   of  c a r r i e r   gas  v e l o c i t y   and  the  p r e f e r r e d   i n t r o d u c t i o n   o f  

the  coal  into  the  upper  po r t ion   of  the  bed  at  a  high  v e l o c i t y   are  n o t  

conducive  to  the  e f f i c i e n t   convers ion   of  coal  to  a  fuel  gas  and  the  main-  

tenance  of  a  s t ab le   f l u i d i z e d   bed  in  the  r e a c t o r .  

F i n a l l y ,   there  is  i l l u s t r a t e d   in  U.S.  Patent   2,577,632  a  method 

for  i n t r o d u c i n g   coal  p a r t i c l e s   in to   a  f l u i d i z e d   bed  from  a  s ing le   i n -  

j e c t i o n   point   d i r e c t l y   into  the  c en t e r   of  a  f l u i d i z e d   bed  at  a  s low 

v e l o c i t y .   This  method  of  i n t r o d u c t i o n   does  not  include  high  v e l o c i t y  

i n j e c t i o n   and,  as  a  r e s u l t ,   i n c r e a s e s   the  tendency  for  the  coal  to  a g g l o -  

merate  in  the  f l u i d i z e d   bed .  

The  present   i nven t ion   provides   an  improved  appara tus   and  method 

for  feeding  carbonaceous  p a r t i c l e s ,   such  as  coal,   to  a  f l u i d i z e d   bed  

g a s i f i e r ,   p a r t i c u l a r l y   a  s ing le   s tage  f l u id   bed  g a s i f i e r   main ta ined   i n . a n  

e longa ted   r e a c t o r   for  the  convers ion   of  the  m a t e r i a l ,   i . e .   coal  to  a  f u e l  

gas.  S p e c i f i c a l l y ,   the  p resen t   i n v e n t i o n   s u b s t a n t i a l l y   e l im ina t e s   t h e  

n e c e s s i t y   of  p r e t r e a t m e n t   of  the  carbonaceous   p a r t i c l e s   into  the  f l u i d i z e d  

bed,  to  avoid  agg lomera t ion   t h e r e i n .  

The  carbonaceous  p a r t i c l e s   are  admixed  with  a  gaseous  s t r e a m ,  

p r e f e r a b l y   con t a in ing   steam  and  oxygen,  to  form  a  gas  p a r t i c u l a t e   mix-  

ture .   The  p a r t i c u l a t e   mixture  is  then  i n j e c t e d   d i r e c t l y   into  the  b o t -  

tom  po r t ion   of  the  f l u i d i z e d   bed  of  the  g a s i f i e r ,   o p e r a t i n g   at  g a s i f i c a -  
t ion  c o n d i t i o n s ,   at  a  p r ede t e rmined   high  v e l o c i t y ,   and  at  a  p a r t i c u l a r  
l o c a t i o n   such  that   the  carbonaceous  p a r t i c l e s   are  shock  heated  to  a  tem- 

p e r a t u r e   s u f f i c i e n t   to  render  the  carbonaceous   p a r t i c l e s   n o n - c a k i n g  



with in   the  bed.  This  e f f e c t i v e l y   " p r e t r e a t s "   the  coal  p a r t i c l e s   and  ob- 

v i a t e s   the  need  for  a  separa te   or  e x t e r n a l   p r e t r e a t m e n t   zone.  S p e c i f i -  

c a l l y ,   the  p resen t   inven t ion   r equ i r e s   the  ash  etc.  to  be  withdrawn  from 

the  bottom  center   sec t ion   of  the  f l u i d i z e d   bed  and  for  the  fresh  feed  

coal  to  be  in t roduced   at  a  p l u r a l i t y   of  points   into  the  bottom  of  t he  

f l u i d i z e d   bed  near  the  r eac to r   wall  and  s u b s t a n t i a l l y   away  from  the  

ash  wi thdrawal   point .   More  p a r t i c u l a r l y ,   the  fresh  feed  coal  is  i n t r o -  

duced  e i t h e r   d i r e c t l y   upward  into  the  bed  in  a  d i r e c t i o n   s u b s t a n t i a l l y  

p a r a l l e l   to  the  axis  of  the  r e a c t o r   or  t a n g e n t i a l l y   to  the  r e a c t o r   w a l l  

and  in  a  plane  normal  to  the  axis  of  the  r e a c t o r .   E i ther   of  these  methods 

of  i n t r o d u c t i o n   rap id ly   and  e f f e c t i v e l y   shock  heats  the  coal  while  main-  

t a i n i n g   a  s t ab l e   f l u i d i z e d   bed  having  a  r e l a t i v e l y   uniform  res idue  t ime 

d i s t r i b u t i o n   t h e r e i n .  

It  is  thus  an  object   of  the  p resen t   i nven t ion   to  provide  an  im- 

proved  appara tus   and  method  for  feeding  carbonaceous  p a r t i c l e s   to  a 
f l u i d i z e d   bed  g a s i f i e r .  

It  is  also  an  object   of  the  p resen t   i nven t ion   to  provide  an  im- 

proved  coal  feed  apparatus   and  method  whereby  p r e t r e a t m e n t   of  the  coa l  

is  s u b s t a n t i a l l y   avo ided .  

These  and  other  o b j e c t s ,   f e a tu r e s   and  advantages  of  the  p r e s e n t  
i nven t ion   are  apparent   from  the  fo l lowing  d e s c r i p t i o n   of  a  p r e f e r r e d   em- 
bod imen t .  

A  p r e f e r r e d   embodiment  of  the  p resen t   inven t ion   wi l l   be  d e s c r i b e d  

in  d e t a i l   with  r e fe rence   to  the  a t t ached   d r awings .  

FIGURE  1  is  a  schematic  diagram  of  a  f l u i d i z e d   bed  g a s i f i c a t i o n  

system  i n c o r p o r a t i n g   a  p r e f e r r e d   embodiment  of  the  present   i n v e n t i o n ;  

FIGURE  2  is  a  top  view  of  the  gas  d i s t r i b u t i o n   grid  shown  i n  

FIGURE  1. 

FIGURE  3  is  an  en larged  c r o s s - s e c t i o n a l   view  of  the  bottom  por -  
t ion  of  the  g a s i f i e r   shown  in  FIGURE  1;  and  FIGURE  4  is  an  enlarged  p a r -  
t i a l   c r o s s - s e c t i o n a l   view  of  the  bottom  por t ion   of  a  f l u i d i z e d   bed  r e a c -  

tor  i n c o r p o r a t i n g   a  second  p r e f e r r e d   embodiment  of  the  present   i n v e n t i o n .  

Re fe r r ing   to  FIGURE  1,  an  appara tus   1  for  the  convers ion  o f  

caking  coal  p a r t i c l e s   in  a  s ing le   stage  into  a  fuel  gas  is  s c h e m a t i c a l l y  

i l l u s t r a t e d .   The  apparatus   1  inc ludes   an  e longa ted   g a s i f i c a t i o n   r e a c t o r  



12  having  a  v e r t i c a l   r e a c t o r   wall  14  and  a  f l u i d i z e d   bed  16  of  coal  p a r -  
t i c l e s   in  the  lower  p o r t i o n   t h e r e o f .   The  bulk  of  the  f l u i d i z e d   bed  16  i s  

non-caking,   charred   m a t e r i a l .  

The  appara tus   1  also  inc ludes   as  a  p r e f e r r e d   embodiment  of  t h e  

present   i n v e n t i o n ,   a  coal  feed  system  17,  a  gas  i n j e c t i o n   system  18,  an 
ash  wi thdrawal   system  20  and  a  fuel  gas  wi thdrawal   system  22.  The  c o a l  

feed  system  17  d e l i v e r s   f r e s h l y   crushed  coal  p a r t i c l e s   to  the  r e a c t o r   12 
which  is  ma in ta ined   under  p rede te rmined   conven t iona l   g a s i f i c a t i o n   con-  
d i t i o n s .   The  coal  p a r t i c l e s   are  g a s i f i e d   wi th in   r e a c t o r   12  to  p r o d u c e  

gas  which  evolves  from  the  f l u i d i z e d   bed  16  into  the  upper,  free  p o r t i o n  

of  the  g a s i f i c a t i o n   r e a c t o r   12. 

The  g a s i f i c a t i o n   r e a c t o r   12  p r e f e r a b l y   opera tes   at  a  p r e s s u r e   o f  

about  50  to  400  pounds  per  square  inch  (psi)   and  a  f l u i d i z e d   bed  t e m -  

pe ra tu re   of  about  1800  to  2000oF.  A  p r e f e r r e d   s p e c i f i c   p re s su re   and  tem- 

pe ra tu re   are  350  psi  and  1900oF.  The  fuel  gas  produced  t h e r e i n   has  a 

hea t ing   value  of  about  100  to  300  Btu  per  cubic  f o o t .  

R e f e r r i n g   now  to  FIGURES  1-3  the  r e a c t o r   12  has  p o s i t i o n e d   i n  

the  bottom,  lower  p o r t i o n   t h e r e o f   a  s u b s t a n t i a l l y   h o r i z o n t a l   gas  d i s -  

t r i b u t i o n   grid  24  to  suppor t   the  f l u i d i z e d   bed  16.  Grid  24  is  p o s i t i o n e d  

s u b s t a n t i a l l y   normal  to  the  axis  of  the  r e a c t o r .   The  f l u i d i z a t i o n   and 

r e a c t a n t   gases ,   p r e f e r a b l y   steam  and  an  o x y g e n - c o n t a i n i n g   gas,  such  as 

a i r ,   en ter   r e a c t o r   12  through  openings ,   s e l e c t i v e l y   shown  and  d e s i g n a t e d  

as  openings  26,  in  the  gas  d i s t r i b u t i o n   grid  24,  via  the  gas  i n j e c t i o n  

system  18. 

The  ash  wi thdrawal   appara tus   20  includes   a  s e r i e s   of  v e n t u r i -  

type  t h roa t s   28,  un i formly   p o s i t i o n e d   on  the  gas  d i s t r i b u t i o n   grid  24 

in  the  cen te r   of  the  r e a c t o r   to  s e rv i ce   equal  c r o s s - s e c t i o n a l   areas  o f  

the  r e a c t o r   12.  The  number  of  v e n t u r i - t y p e   t h r o a t s   28  depends  p r i m a r i l y  

-upon  the  s ize  of  the  r e a c t o r   12  and  the  coal  being  t r e a t e d .   The  t h r e e  

throat   system  i l l u s t r a t e d  i s   simply  i l l u s t r a t i v e .  

The  gas  d i s t r i b u t i o n   grid  24  slopes  toward  the  v e n t u r i - t y p e  

th roa t s   28.  As  shown,  each  v e n t u r i - t y p e   th roa t   28  is  a s s o c i a t e d   with  f o u r  

s lop ing   p o r t i o n s ,   s e l e c t i v e l y   des igna ted   30,  of  the  gas  d i s t r i b u t i o n   g r i d  

24.  P r e f e r a b l y ,   the  gas  d i s t r i b u t i o n   grid  24  de f ines   s u b s t a n t i a l l y   c o n i -  

cal  s e c t i o n s ,   t ape red   towards  each  v e n t u r i - t y p e   t h roa t   28. 



The  ash  wi thdrawal   appara tus   20  is  fu l ly   descr ibed   in  United  States   L e t -  

ters   P a t e n t s ,   Nos.  2 ,906,608  and  3 ,935,825,   the  t each ings   of  which  a r e  
i n c o r p o r a t e d   here in   by  r e f e r e n c e .   As  d i s c lo sed   t h e r e i n ,   coal  ash  is  s e p a -  
ra ted  from  the  f l u i d i z e d   bed  16  with  a  minimum  of  carbon  loss  and 

f l u i d i z i n g   gases  enter   the  r e a c t o r   12  through  the  v e n t u r i - t y p e   t h roa t s   28. 

The  fuel  gas  wi thdrawal   apparatus   22  inc ludes   a  pair   of  c y c l o n e s  

32A,  32B  for  wi thdrawal   of  the  fuel  gas  from  the  r e a c t o r   12  and  s e p a -  
r a t i on   of  f ine ly   divided  coal  and  dust  p a r t i c l e s .   The  coal  and  dust  p a r -  
t i c l e s   are  recyc led   to  the  f l u i d i z e d   bed  16  via  the  v e n t u r i - t y p e   t h r o a t s  

28  to  recover   the  carbon  value  t he r e in .   This  system  in  combination  w i t h  

the  p o s i t i o n   of  the  coal  i n l e t s   at  the  bottom  of  the  f l u i d i z e d   bed  p r o -  
vides  e f f i c i e n t   recovery  of  fines  and  obvia tes   the  need  to  s p e c i f i c a l l y  

cont ro l   the  v e l o c i t y   of  the  incoming  coal  p a r t i c l e s   to  minimize  the  l o s s  

of  coal  f ines .   The  raw  gaseous  fuel  is  removed  from  the  cyclone  32B  v i a  

a  conduit   34  for  p r o c e s s i n g   well  known  in  the  a r t .  
The  coal  feed  appara tus   17  includes   a  gaseous  stream  gene ra to r   38, 

a  coal  hopper  40  for  r e c e i p t   and  p r e s s u r i z a t i o n   of  coal  p a r t i c l e s ,   and  an 
i n l e t   42  to  the  r e a c t o r   12.  The  gaseous  stream  gene ra to r   38  produces  a 

gaseous  s tream,  having  p rede te rmined   high  v e l o c i t y ,   in  a  c a r r i e r   v e s s e l  

44.  P r e f e r a b l y ,   the  p rede te rmined   high  v e l o c i t y   is  50  to  300  feet  p e r  
second.  In  this  embodiment  of  the  present   i n v e n t i o n ,   the  gaseous  s t r e a m  
contains   steam  and  air   or  oxygen.  

From  the  lock  hopper  40,  the  coal  p a r t i c l e s   are  dropped  t h rough  

a  valve  46  into  the  c a r r i e r   vesse l   44  and  e n t r a i n e d   in  the  gaseous  s t r e a m  

to  produce  a  gas  p a r t i c u l a t e   mixture .   In  the  p r e f e r r e d   embodiment  shown  i n  

FIGURES  1-3,  the  gaseous  stream  in  the  c a r r i e r   vesse l   44  t r a n s p o r t s   t he  

coal  p a r t i c l e s   to  the  i n l e t   42  for  i n j e c t i o n   into  the  bottom  of  t he  

f l u i d i z e d   bed  16  at  the  p rede te rmined   high  v e l o c i t y .  

That  is,   the  coal  p a r t i c l e s   are  admixed  with  the  gaseous  s t r e a m ,  

p r e f e r a b l y   a  s team-oxygen  stream,  and  the  r e s u l t i n g   gas  p a r t i c u l a t e   mix- 

ture  is  pneuma t i ca l l y   i n j e c t e d   upwardly  into  the  f l u i d i z e d   bed  16.  P r e f e r -  

ably,  one  to  twenty  pounds  of  coal  are  admixed  per  pound  of  gas  in  t h e  

stream.  As  shown  in  FIGURE  2,  there  are  two  i n l e t s   42  a s s o c i a t e d   w i t h  

each  v e n t u r i - t y p e   th roa t   28  to  provide  six  points   of  i n t r o d u c t i o n   of  t h e  

coal  p a r t i c l e s   into  the  bed  around  the  ins ide   pe r ime te r   of  the  r e a c t o r .  



The  exact  number  of  the  i n t r o d u c t i o n   po in t s   around  the  ins ide   of  the  r e -  

ac to r   is  a  func t ion   of  r e a c t o r   d iamete r .   In  a  t y p i c a l   commerc ia l , embod i -  

ment,  at  l e a s t   three  i n t r o d u c t i o n   po in t s   are  p r o v i d e d .  

Once  i n j e c t e d ,   the  c a r r i e r   gases ,   i . e .   steam  and  a i r   or  oxygen  and 

the  fresh  coal,   are  d i s t r i b u t e d   in  the  f l u i d i z e d   bed  16  without   s u b s t a n -  

t i a l l y   a l t e r i n g   the  s t a b i l i t y   of  or  the  r e s i d e n c e   time  d i s t r i b u t i o n   o f  

the  bed  and  to  become  part   of  the  t o t a l   g a s i f y i n g   agent  in  the  r e a c t o r   12. 

The  q u a n t i t y   of  oxygen  in  the  c a r r i e r   gas  is  l i m i t e d ,   p r e f e r a b l y   3  to  10 

pa r t s   oxygen  per  100  par ts   steam,  to  s u b s t a n t i a l l y   avoid  p r e i g n i t i o n   o f  

the  coal  p a r t i c l e s   in  the  v i c i n i t y   of  the  g a s i f i e r   10.  The  small  q u a n t i t y  

of  oxygen  f a c i l i t a t e s   o x i d a t i o n   of  the  coal  p a r t i c l e s .  

Re fe r r ing   again  to  FIGURE  3,  the  i n l e t   42  inc ludes   a  port  50  and 

a  t r a n s p o r t   pipe  52,  which  communicates  with  the  c a r r i e r   vesse l   44.  The 

port   50  widens  p r e f e r a b l y   c o n i c a l l y   in  the  d i r e c t i o n   of  gas  flow,  such 

tha t   i n a d v e r t e n t   agg lomera t ion   of  coal  p a r t i c l e s   in  the  bed  wi l l   n o t  

block  the  i n l e t   42.  

To  f u r t h e r   avoid  p r e h e a t i n g   and  a g g l o m e r a t i o n ,   the  coal  feed  ap-  

pa ra tus   17  inc ludes   a  water  j acke t   for  m a i n t a i n i n g   a  s u f f i c i e n t l y   low  c o a l  

p a r t i c l e   t empera tu re   p r io r   to  ent ry   into  the  r e a c t o r   12.  As  best  shown 

in  FIGURE  3,  the  water   j acke t   54  s u b s t a n t i a l l y   i n s u l a t e s   the  po r t ion   o f  

the  coal  feed  appara tus   17  w i th in   the  wall  14,  i . e .   the  t r a n s p o r t   pipe  52. 

The  water   j acke t   54  s u b s t a n t i a l l y   avoids  premature  hea t i ng   due  to  con-  
duc t ion   or  r a d i a t i o n   from  the  f l u i d i z e d   bed  16.  The  water  jacket   54 

p r e f e r a b l y   main ta ins   the  coal  p a r t i c l e   t empera tu re   below  a p p r o x i m a t e l y  
600°F .  

The  i n l e t s   42  are  p o s i t i o n e d   in  close  p rox imi ty   to  or  near  t h e  

r e a c t o r   wall  14  and  s u b s t a n t i a l l y   away  from  the  a s s o c i a t e d   v e n t u r i - t y p e  

t h roa t   28  of  the  ash  wi thdrawal   appara tus   20  to  f a c i l i t a t e   mixing  of  t h e  

coal  p a r t i c l e s   w i th in   the  f l u i d i z e d   bed  16  wi thou t   a l t e r i n g   the  s t a b i l i t y  

of  the  bed  and  the  r s idence   time  d i s t r i b u t i o n   of  the  coal  in  the  b e d .  

P r e f e r a b l y ,   the  i n l e t s   42  are  spaced  as  far  as  p o s s i b l e   from  the  t h r o a t s  

28.  In  th is   p r e f e r r e d   embodiment,  i . e .   an  ash  agg lomera t ing   r e a c t o r   12, 

the  so l ids   in  the  f l u i d i z e d   bed  16  g e n e r a l l y   move  downwardly  along  t he  

r e a c t o r   wall  14  and  upwardly  above  the  v e n t u r i - t y p e   th roa t s   28.  The  f low 

or  con t ro l   between  the  f l u i d i z e d   bed  16  aga in s t   the  fresh  coal  feed  r e -  



su i t s   in  rapid  mixing  t h e r e o f .   This  placement  of  the  i n l e t s   42  also  sub-  

s t a n t i a l l y   avoids  i n t e r f e r e n c e   with  the  ope ra t ion   of  the  ash  w i t h d r a w a l  

apparatus   20  by  the  i n j e c t e d   gas  p a r t i c u l a t e   m i x t u r e .  

Re fe r r ing   to  FIGURE  4,  a  second  p r e f e r r e d   embodiment  of  t h e  

presen t   i nven t ion   is  shown  wherein  the  gas  p a r t i c u l a t e   mixture  is  i n j e c -  

ted  through  the  r e a c t o r   wall  14  s u b s t a n t i a l l y   t a n g e n t i a l l y   into  the  s i d e  

of  the  f l u i d i z e d   bed  16  at  the  bottom  the reof .   As  shown,  the  i n l e t s   42 

are  p r e f e r a b l y   p o s i t i o n e d   s u b s t a n t i a l l y   t a n g e n t i a l l y   to  the  r eac to r   w a l l  

14  to  provide  a  plane  s u b s t a n t i a l l y   normal  to  the  axis  of  the  r e a c t o r ,  

such  that  the  gas  p a r t i c u l a t e   mixture  is  i n j ec t ed   along  the  i n t e r i o r   s u r -  

face  t he reo f .   The  r e s p e c t i v e   flow  d i r e c t i o n s   of  the  f l u i d i z e d   bed  16  and 

gas  p a r t i c u l a t e   mixture  are,  in  this   embodiment,  s u b s t a n t i a l l y   p e r p e n d i -  

cular   to  f a c i l i t a t e   mixing  t h e r e o f .   I n j e c t i o n   in  this   embodiment  a l s o  

occurs  s u b s t a n t i a l l y   away  from  the  ash  withdrawal  apparatus   20  to  a v o i d  

i n t e r f e r e n c e   t h e r e w i t h .  

I n j e c t i o n   of  coal  p a r t i c l e s   in  accordance  with  the  p resen t   i n -  

vent ion  s u b s t a n t i a l l y   avoids  agg lomera t ion   and  main ta ins   the  s t a b i l i t y  

of  the  f l u i d i z e d   bed.  En te r ing   the  f l u i d i z e d   bed  16  at  the  p r e d e t e r m i n e d  

high  v e l o c i t y   of  50  to  300  feet  per  second,  the  coal  p a r t i c l e s   are  shock 

heated  to  a  t empera ture   above  the  p l a s t i c   temperature   range.  That  i s ,  

the  coal  p a r t i c l e s   pass  r ap id ly   through  the  p l a s t i c ,   caking  s t a t e   to  a 

charred,   non-caking  s t a t e .   Fu r the r ,   the  p a r t i c l e s   mix  r ap id ly   with  t h e  

non-caking  f l u i d i z e d   bed  16  and  the  r e s u l t i n g   d i l u t i o n   s epa ra t e s   the  c o a l  

p a r t i c l e s   during  the  short   t r a n s i t i o n   p e r i o d .  

Heating  the  coal  p a r t i c l e s   under  the  f lud ized   bed  cond i t ions   o f  

high  tempera ture   p resen t   in  the  bottom  of  the  bed  and  a  gaseous  e n v i r o n -  

ment  causes  the  r e l ease   of  v o l a t i l e   mat te r ,   inc lud ing   tars  and  o i l s .   The 

rapid  mixing  of  the  fresh  coal  p a r t i c l e s   and  charred  mate r ia l   of  t h e  

f l u i d i z e d   bed  16  main ta ins   the  v o l a t i l e   matter   in  the  f l u i d i z e d   bed  16, 

such  that  thermal  c racking  occurs .   That  is,  the  tars   and  oi ls   are  r e -  

duced  to  carbon  and  low  molecular   weight  gas,  s u b s t a n t i a l l y   e l i m i n a t i n g  

the  tars  and  oi ls   from  the  gas  e f f l u e n t   of  the  f l u i d i z e d   bed  16.  For  t h i s  

reason,   it  is  important   that  the  coal  be  i n j ec t ed   as  close  as  p o s s i b l e  

to  the  bottom  of  the  f l u i d i z e d   bed  to  maximize  the  product ion   of  f u e l  

gas .  



The  shock  hea t i ng   of  the  coal  p a r t i c l e s   also  produces  f ines  due 

to  the  exp los ion   of  the  coal  p a r t i c l e s   in  a  "popcorn"  fash ion .   The  f i n e s  

are  captured  by  the  upper  p o r t i o n   of  the  bed,  and  those  p a r t i c l e s   which 

are  c a r r i e d   out  of  the  bed  with  product   gas  are  cap tured   by  cyclones  32A, 

32B  and  r ecyc led   to  the  f l u i d i z e d   bed  16  through  the  v e n t u r i - t y p e   t h r o a t s  

28.  There  the  f ines  are  r ap id ly   g a s i f i e d ,   adher ing   to  the  denser  ash  ag -  

g lomera tes   which  are  withdrawn  by  the  ash  wi thdrawal   appara tus   20. 

P r e f e r r e d   embodiments  of  the  p resen t   i n v e n t i o n   have  been  d i s c l o s e d  

and  de sc r ibed   he re in .   It  is  to  be  unders tood ,   however,  that   var ious   chan-  

ges  and  m o d i f i c a t i o n s   can  be  made  wi thout   d e p a r t i n g   from  the  true  scope  

and  s p i r i t   of  the  i n v e n t i o n ,   as  seth  for th   and  def ined  in  the  f o l l o w i n g  

c l a i m s .  



1.  A  r e a c t o r   for  conve r t i ng   carbonaceous  p a r t i c l e s   such  as  c r u s h e d  

coal  to  a  fuel  gas  which  comprises  an  e longated  r eac to r   having  a  r e a c t o r  

wall  and  an  axis  t h e r e t h r o u g h ;  

means  for  s u p p o r t i n g   a  f l u i d i z e d   bed  in  the  bottom  por t ion   o f  

said  r e a c t o r ;  

means  for  wi thdrawing  ash  ash  from  the  cen te r ,   bottom  p o r t i o n  

of  said  r e a c t o r ;   and 

means  for  r ap id ly   mixing  and  shock  hea t ing   said  coal  in  s a i d  

g a s i f i c a t i o n   r e a c t o r ,   said  mixing  means  i n c l u d i n g ,  

means  for  producing  a  gaseous  stream  having  a  p r e d e t e r m i n e d  

high  v e l o c i t y ;  

means  for  e n t r a i n i n g   said  carbonaceous  p a r t i c l e s   in  said  gaseous  

stream  to  produce  a  gas  p a r t i c u l a t e   mixture  having  said  p r e d e t e r m i n e d  

high  v e l o c i t y ;   and 

means  for  i n t r o d u c i n g   said  gas  p a r t i c u l a t e   mixture  having  s a i d  

p rede te rmined   high  v e l o c i t y   into  the  bottom  por t ion   of  said  r eac to r   at  a 

p l u r a l i t y   of  equally  s p a c e d - a p a r t   points   around  the  pe r ime te r   of  the  r e -  

ac tor ,   said  i n t roduc ing   means  loca ted   in  the  bottom  por t ion   of  the  r e -  

actor   in  close  proximity  to  the  r eac to r   wall  and  a  s u b s t a n t i a l   d i s t a n c e  

away  from  said  wi thdrawal   means,  whereby  said  carbonaceous  p a r t i c l e s   a r e  

r ap id ly   mixed  and  shock  h e a t e d .  

2.  A  r e a c t o r   as  claimed  in  claim  1  wherein  said  i n t roduc ing   means 
is  p o s i t i o n e d   to  d i r ec t   said  p a r t i c u l a t e   mixture  s u b s t a n t i a l l y   d i r e c t l y  



upward  into  the  bottom  of  said  f l u i d i z e d   b e d .  

3.  A  r e a c t o r   as  claimed  in  claim  2  wherein  said  i n t r o d u c i n g   means 

is  p o s i t i o n e d   to  d i r e c t   said  p a r t i c u l a t e   mixture   through  said  means  f o r  

s u p p o r t i n g   the  f l u i d i z e d   b e d .  

4.  A  r e a c t o r   as  claimed  in  claim  1  vhe re in   said  i n t r o d u c i n g   means 

d i r e c t s   said  p a r t i c u l a t e   mixture  along  the  i n t e r i o r   surface   of  said  r e -  

ac t ion   wall  in  a  d i r e c t i o n   s u b s t a n t i a l l y   t a n g e n t i a l   to  t h e  r e a c t o r   w a l l  

and  in  plane  normal  to  the  v e r t i c a l   axis  of  the  e longa ted   r e a c t o r .  

5.  A  r e a c t o r   as  claimed  in  claim  1  which  i nc lues   at  l eas t   t h r e e  

s p a c e d - a p a r t   points   of  i n t r o d u c t i o n   around  the  pe r ime te r   of  the  r e a c t o r .  

6.  In  a  process  for  conve r t i ng   carbonaceous  p a r t i c l e s   into  a  f u e l  

gas  u t i l i z i n g   an  e longa ted   r e a c t o r   having  a  r e a c t o r   wall  and  an  a x i s  

t h e r e t h r o u g h ,   a  f l u i d i z e d   bed  in  the  bottom  po r t i on   thereof   m a i n t a i n e d  

at  c o n d i t i o n s   to  c o n v e r t s a i d   carbonaceous   p a r t i c l e s   to  fuel  gas  and 

means  for  wi thdrawing  ash  from  the  c e n t e r ,   bottom  p o r t i o n   of  said  r e a c t o r ,  

the  improved  method  of  adding  said  coal  to  said  f l u i d i z e d   bed  which  com- 

p r i s e s :  

i n t r o d u c t i o n   a  high  v e l o c i t y   gas  stream  in  admixture  with  s a i d  

carbonaceous   p a r t i c l e s   d i r e c t l y   into  the  bottom  po r t ion   of  said  f l u i d i z e d  

bed  at  a  p l u r a l i t y   of  equa l ly   s p a c e d - a p a r t   po in ts   around  the  p e r i m e t e r  

of  the  r e a c t o r ;   said  f l u i d i z e d   bed  o p e r a t i n g   at  a  t empera tu re   wi th in   t h e  

range  of  about  1800-2000°F,  said  gas  s tream  being  in t roduced   into  s a i d  

bed  at  a  p rede te rmined   high  v e l o c i t y   at  a  l o c a t i o n   in  close  proximi ty   t o  

the  r e a c t o r   wall  and  a  s u b s t a n t i a l   d i s t a n c e   away  from  said  w i t h d r a w a l  

means,  whereby  crushed  coal  p a r t i c l e s   are  r ap id ly   mixed  and  shock  h e a t e d .  

7.  The  improved  method  of  claim  6  wherein  the  high  v e l o c i t y   gas  

s t ream  in  admixture  with  said  carbonaceous  p a r t i c l e s   is  passed  s u b s t a n t i a l -  

ly  d i r e c t l y   upward  d i r e c t l y   into  the  bottom  of  said  f l u i d i z e d   bed .  

8.  The  improved  method  of  claim  I  wherein  the  high  v e l o c i t y   gas 

s t ream  in  admixture  with  said  carbonaceous  p a r t i c l e s   is  passed  d i r e c t l y  

in to   the  bottom  of  said  f l u i d i z e d   bed  along  the  i n t e r i o r   surface   of  s a i d  

r e a c t o r   wall  in  a  d i r e c t i o n   s u b s t a n t i a l l y   t a n g e n t i a l   to  the  r e a c t o r   w a l l  

and  in  a  plane  normal  to  the  v e r t i c a l   axis  of  the  e longated   r e a c t o r .  

9.  The  improved  method  of  claim  1  wherein  said  high  v e l o c i t y   gas 
s t ream  in  admixture  with  said  carbonaceous  p a r t i c l e s   is  in t roduced   i n t o  



said  bed  in  at  l e a s t   three  s p a c e d - a p a r t   p o i n t s .  

10.  The  improved  method  of  claim  1  wherein  said  carbonaceous  p a r -  
t i c l e s   comprise  p u l v e r i z e d   c o a l .  

11.  The  improved  method  of  claim  1  wherein  said  high  v e l o c i t y   gas 

stream  in  admixture  with  said  carbonaceous  p a r t i c l e s   is  i n t roduced   at  a 

v e l o c i t y   of  50  to  300  feet   per  s econd .  
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