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(5)  Integrated  coal  liquefaction-gasification  plant. 

Conversion  of  raw  coal  to  distillate  liquid  and  gaseous 
hydrocarbon  products  by  solvent  liquefaction  in  the  pre- 
sence  of  molecular  hydrogen  employing  recycle  of  mineral 
residue  is  commonly  performed  at  a  higher  thermal  efficien- 
cy  than  conversion  of  coal  to  pipeline  gas  in  a  gasification 
process  employing  partial  oxidation  and  methanation  reac- 
tions.  The  prior  art  has  disclosed  a  combination  coal 
liquefaction-gasification  plant  employing  recycle  of  mineral 
residue  to  the  liquefaction  zone  wherein  all  the  normally 
solid  dissolved  coal  not  converted  to  liquid  or  gaseous 
products  in  the  liquefaction  zone  is  passed  to  a  gasification 
zone  for  conversion  to  hydrogen.  In  the  prior  art  plant  the 
amount  of  normally  solid  dissolved  coal  passed  to  the 
gasification  zone  is  just  sufficient  to  enable  the  gasification 
zone  to  produce  the  entire  process  hydrogen  requirement. 
An  unexpected  improvement  in  thermal  efficiency  has  now 
been  achieved  by  increasing  the  amount  of  normally  solid 
dissolved  coal  from  the  liquefaction  zone  (26)  and  passed  to 
the  gasification  zone  (76)  to  an  amount  sufficient  to  enable 
the  gasification  zone  (76)  to  generate  not  only  all  of  the 
hydrogen  required  by  the  liquefaction  zone  (26)  but  also  to 
produce  synthesis  gas,  and  adapting  the  plant  to  utilize  all  or 
a  significant  amount  of  this  synthesis  gas  as  fuel  in  the  plant. 

It  would  have  been  expected  that  shifting  some  of  the 
processing  load  from  the  ordinarily  more  efficient  liquefac- 

tion  zone  (26) to  the  ordinarily  less  efficient  gasification  zone 
(76)  would  decrease  process  efficiency,  but  the  present 
invention  unexpectedly  achieves  an  overall  efficiency  in- 
crease  by  said  shift  by  modifying  the  plant to  permit  in-plant 
combustion  of  the  synthesis  gas  so  produced. 





This  i n v e n t i c n   r e l a t e s   to  a  p l a n t   whe re in   coal   l i q u e -  

f a c t i o n   and  o x i d a t i o n   g a s i f i c a t i o n   o p e r a t i o n s   are  combined  s y n e r g i s -  

t i c a l l y   to  p rov ide   an  e l e v a t e d   t h e r m a l   e f f i c i e n c y .   The  coal  f e e d  

to  the  p l a n t   can  comprise   b i t u m i n o u s   or  s u b b i t u m i n o u s   coa l s   o r  

l i g n i t e s .  

The  l i q u e f a c t i o n   zone  of  the  p l a n t   of  the  p r e s e n t  

i n v e n t i o n   p r o v i d e s   for  the  p e r f o r m a n c e   of  an  e n d o t h e r m i c   p r e h e a t i n g  

s t ep   and  an  e x o t h e r m i c   d i s s o l v i n g   s t e p .   The  t e m p e r a t u r e   in  t h e  

d i s s o l v e r   is  h i g h e r   than  the  maximum  p r e h e a t e r   t e m p e r a t u r e   b e c a u s e  

of  the  h y d r o g e n a t i o n   and  h y d r o c r a c k i n g   r e a c t i o n s   o c c u r r i n g   i n  

the  d i s s o l v e r .   Residue  s l u r r y   from  the  d i s s o l v e r   or  from  any  

o t h e r   p l ace   in  the  p rocess   c o n t a i n i n g   l i q u i d   and  no rma l ly   s o l i d  

d i s s o l v e d   coal   and  suspended  m i n e r a l   r e s i d u e   is  r e c i r c u l a t e d  

t h r o u g h   the  p r e h e a t e r   and  d i s s o l v e r   s t e p s .   Gaseous  h y d r o c a r b o n s  

and  l i q u i d   h y d r o c a r b o n a c e o u s   d i s t i l l a t e   are  r e c o v e r e d   from  t h e  

l i q u e f a c t i o n   zone  p roduc t   s e p a r a t i o n   sys tem.   The  p o r t i o n   of  t h e  

d i l u t e   m i n e r a l - c o n t a i n i n g   r e s i d u e   s l u r r y   from  the  d i s s o l v e r   w h i c h  

is  not  r e c y c l e d   is  passed  to  a t m o s p h e r i c   and  vacuum  d i s t i l l a t i o n  

t o w e r s .   All   n o r m a l l y   l i q u i d   and  ga seous   m a t e r i a l s   are  removed 

overhead   i n  t h e   towers  and  these   m a t e r i a l s   are  t h e r e f o r e   s u b -  

s t a n t i a l l y   m i n e r a l - f r e e   whi le   c o n c e n t r a t e d   m i n e r a l - c o n t a i n i n g   r e s i d u e  

s l u r r y   is  r e c o v e r e d   as  vacuum  tower  bo t toms   (VTB).  The  c o n c e n t r a t e d  

s l u r r y   c o n t a i n s   a l l   of  the  i n o r g a n i c   m i n e r a l   m a t t e r   and  a l l   o f  

the  u n d i s s o l v e d   o rgan i c   m a t e r i a l   (UOM),  which  t o g e t h e r   is  r e f e r r e d  

to  h e r e i n   as  " m i n e r a l   r e s i d u e " .   The  amount  of  UOM  w i l l   a l w a y s  

be  l e s s   than  10  or  15  weight   p e r c e n t   of  the  feed  coa l .   The  c o n -  

c e n t r a t e d   s l u r r y   a l so   c o n t a i n s   the  850°F.+  (454°C.+)  d i s s o l v e d   c o a l ,  

which  is  s o l i d   at  room  t e m p e r a t u r e   and  which  is  r e f e r r e d   to  h e r e i n  

as  " n o r m a l l y   s o l i d   d i s s o l v e d   c o a l " .   This  s l u r r y   is  passed  in  i t s  

e n t i r e t y ,   w i t h o u t   a  f i l t r a t i o n   or  o t h e r   s o l i d s - . l i q u i d   s e p a r a t i o n  

s t ep   and  w i t h o u t   a  ceking  or  o t h e r   s t e p   to  d e s t r o y   the  s l u r r y ,   to  a 

p a r t i a l   o x i d a t i o n   g a s i f i c a t i o n   zone  adap ted   to  r e c e i v e   a  s l u r r y   f e e d ,  

for  c o n v e r s i o n   to  s y n t h e s i s   gas,  which  is  a  m i x t u r e   of  c a r b o n  



monoxide  and  hydrogen .   The  s l u r r y   is  the  only  c a r b o n a c e o u s   f e e d  

s u p p l i e d   to  the  g a s i f i c a t i o n   zone.   An  oxygen  p l a n t   is  p rov ided   t o  

remove  n i t r o g e n   from  the  oxygen  s u p p l i e d   to  the  g a s i f i e r   so  t h a t   t h e  

s y n t h e s i s   gas  produced  is  e s s e n t i a l l y   n i t r o g e n - f r e e .  

A  p o r t i o n  o f   the  s y n t h e s i s   gas  is  s u b j e c t e d   to  the  s h i f t  

r e a c t i o n   to  c o n v e r t   i t   to  hydrogen   and  carbon  d i o x i d e .   The  c a r b o n  

d i o x i d e ,   t o g e t h e r   wi th   hydrogen   s u l f i d e ,   is  then  removed  in  an  a c i d  

gas  removal   sys tem.   E s s e n t i a l l y   a l l   of  the  gaseous   h y d r o g e n - r i c h  

s t ream  so  p roduced   is  u t i l i z e d   in  the  l i q u e f a c t i o n   p r o c e s s .   I t   i s  

a  c r i t i c a l   f e a t u r e   of  t h i s   i n v e n t i o n   t h a t   the  p l a n t   is  a d a p t e d  

so  t h a t   the  combus t ion   hea t   c o n t e n t   of  at  l e a s t   60,  70  or  80  and 

up  to  100  mol  p e r c e n t   of  the  s y n t h e s i s   gas  which  is  produced  i n  

excess   of  t h a t   which  is  c o n v e r t e d   to  a  h y d r o g e n - r i c h   s t ream  i s  

r e c o v e r e d   via  combus t ion   w i t h i n   the  p l a n t   w i t h o u t   a  m e t h a n a t i o n  

s t ep   or  o t h e r   h y d r o g e n a t i v e   c o n v e r s i o n ,   such  as  c o n v e r s i o n   t o  

m e t h a n o l .   The  amount  of  excess   s y n t h e s i s   gas  which  is  not  u t i l i z e d  

as  fuel   w i t h i n   the  p r o c e s s   w i l l   a lways  be  less   than  40,  30  or  20  mol  

p e r c e n t   t h e r e o f   and  can  be  s u b j e c t e d   to  a  m e t h a n a t i o n   s t ep   or  t o  

a  me thano l   c o n v e r s i o n   s t ep .   M e t h a n a t i o n   is  a  p r o c e s s   commonly 

employed  to  i n c r e a s e   the  h e a t i n g   v a l u e   of  s y n t h e s i s   gas  by  c o n v e r t i n g  

carbon  monoxide  to  methane .   In  a c c o r d a n c e   wi th   the  p r e s e n t   i n v e n t i o n ,  

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

in  the  VTB  s l u r r y   is  c o n t r o l l e d   at  a  l e v e l   not  only  adequa te   t o  

produce  by  p a r t i a l   o x i d a t i o n   and  s h i f t   c o n v e r s i o n   r e a c t i o n s   t h e  

e n t i r e   p r o c e s s   hydrogen  r e q u i r e m e n t   for  the  l i q u e f a c t i o n   zone,  b u t  

a l so   s u f f i c i e n t   to  produce  s y n t h e s i s   gas  whose  t o t a l   c o m b u s t i o n  

h e a t i n g   va lue   is  adequa t e   to  supp ly   on  a  hea t   b a s i s   be tween  5  and 

100  p e r c e n t   of  the  t o t a l   energy   r e q u i r e d   for  the  p r o c e s s ,   s u c h  

energy  be ing   in  the  form  of  fue l   for  the  p r e h e a t e r ,   steam  f o r  

pumps,  i n - p l a n t   g e n e r a t e d   or  p u r c h a s e d   e l e c t r i c a l   power,  e t c .  

Wi th in   the  c o n t e x t   of  t h i s   i n v e n t i o n ,   energy   consumed 



w i t h i n   the  c o n f i n e s   of  the  g a s i f i e r   zone  p r o p e r   is  not  c o n s i d e r e d   t o  

be  p r o c e s s   energy  c o n s u m p t i o n .   All  the  c a r b o n a c e o u s   m a t e r i a l   s u p -  

p l i e d   to  the  g a s i f i e r   is  c o n s i d e r e d   to  be  g a s i f i e r   feed,  r a t h e r   t h a n  

f u e l .   Al though   the  g a s i f i e r   feed  is  s u b j e c t e d   to  p a r t i a l   o x i d a t i o n ,  

the  o x i d a t i o n   gases   are  r e a c t i o n   p r o d u c t s   of  the  g a s i f i e r ,   and  n o t  

f lue   gas.   Of  c o u r s e ,   the  energy   r e q u i r e d   to  produce   steam  for  t h e  

g a s i f i e r   is  c o n s i d e r e d   to  be  p r o c e s s   energy   c o n s u m p t i o n   because   t h i s  

energy  is  consumed  o u t s i d e   the  c o n f i n e s   of  the  g a s i f i e r .   I t   is  an  

a d v a n t a g e o u s   f e a t u r e   of  the  p r e s e n t   i n v e n t i o n   t h a t   the  g a s i f i e r  

steam  r e q u i r e m e n t   is  r e l a t i v e l y   low  for  the  r e a s o n s   p r e s e n t e d   b e l o w .  

Any  p r o c e s s   energy   not  d e r i v e d   from  the  s y n t h e s i s   gas  p r o -  

duced  in  the  g a s i f i e r   is  s u p p l i e d   d i r e c t l y   from  s e l e c t e d   n o n - p r e m i u m  

gaseous   a n d / o r   l i q u i d " h y d r o c a r b o n a c e o u s   f u e l s   produced  w i t h i n   the  l i -  

q u e f a c t i o n   zone,  or  from  energy  o b t a i n e d   from  a  source   o u t s i d e   o f  

the  p r o c e s s ,   such  as  from  e l e c t r i c a l   energy ,   or  from  both   of  t h e s e  

s o u r c e s .   The  g a s i f i c a t i o n   zone  is  e n t i r e l y   i n t e g r a t e d   i n to   the  l i q u e -  

f a c t i o n   o p e r a t i o n   s ince   the  e n t i r e   h y d r o c a r b o n a c e o u s   feed  f o r  

the  g a s i f i c a t i o n   zone  is  d e r i v e d   from  the  l i q u e f a c t i o n   zone  and 

a l l   or  most  of  the  gaseous   p r o d u c t   from  the  g a s i f i c a t i o n   zone  i s  

consumed  by  the  l i q u e f a c t i o n   zone,  e i t h e r   as  r e a c t a n t   or  f u e l .  

The  s e v e r i t y   of  the  h y d r o g e n a t i o n   and  h y d r o c r a c k i n g  

r e a c t i o n s   o c c u r r i n g   in  the  d i s s o l v e r   s t ep   of  the  l i q u e f a c t i o n  

zone  is  v a r i e d   in  a c c o r d a n c e   wi th   t h i s   i n v e n t i o n   to  o p t i m i z e  

the  c o m b i n a t i o n   p r o c e s s   on  a  t he rma l   e f f i c i e n c y   b a s i s ,   as  c o n t r a s t e d  

to  the  m a t e r i a l   b a l a n c e   mode  of  o p e r a t i o n   of  the  p r i o r   a r t .   The 

s e v e r i t y   of  the  d i s s o l v e r   s t ep   is  e s t a b l i s h e d   by  the  t e m p e r a t u r e ,  

hydrogen  p r e s s u r e ,   r e s i d e n c e   time  and  m i n e r a l   r e s i d u e   r e c y c l e   r a t e .  

O p e r a t i o n   of  the  c o m b i n a t i o n   p r o c e s s   on  a  m a t e r i a l   b a l a n c e   b a s i s  

is  an  e n t i r e l y   d i f f e r e n t   o p e r a t i o n a l   c o n c e p t .   The  p roce s s   i s  

o p e r a t e d   on  a  m a t e r i a l   b a l a n c e   b a s i s   when  the  q u a n t i t y   of  h y d r o -  

c a r b o n a c e o u s   m a t e r i a l   in  the  feed  to  the  g a s i f i e r   is  t a i l o r e d   s o  



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

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

p r e c i s e   p r o c e s s   hyd rogen   r e q u i r e m e n t   of  the  c o m b i n a t i o n   p r o c e s s .  

O p t i m i z a t i o n   of  the  p r o c e s s   on  a  t h e r m a l   e f f i c i e n c y   b a s i s   r e q u i r e s  

p roces s   f l e x i b i l i t y   so  t h a t   the  o u t p u t   of  the  g a s i f i e r   w i l l   s u p p l y  

not  only  the  f u l l   p r o c e s s   hydrogen   r e q u i r e m e n t   but  a l so   a  s i g n i f i -  

cant   p o r t i o n   or  a l l   of  the  energy   r e q u i r e m e n t   of  the  c o m b i n a t i o n  

p r o c e s s .   In  a d d i t i o n   to  s u p p l y i n g   the  f u l l   p roces s   hydrogen   r e q u i r e -  

ment  via  the  s h i f t   r e a c t i o n ,   the  g a s i f i e r   p roduces   s u f f i c i e n t   e x c e s s  

s y n t h e s i s   gas  which  when  burned   d i r e c t l y   s u p p l i e s   at  l e a s t   about   5 ,  

10,  20  or  50  and  up  to  100  p e r c e n t   on  a  hea t   b a s i s   of  the  t o t a l  

energy  r e q u i r e m e n t   of  the  p r o c e s s ,   i n c l u d i n g   e l e c t r i c a l   or  o t h e r   p u r -  

chased  energy ,   but   e x c e p t i n g   hea t   g e n e r a t e d   in  the  g a s i f i e r .  

At  l e a s t   60,  70,  80  or  90  mol  p e r c e n t   of  the  t o t a l   H2  p l u s  

CO  c o n t e n t   of  t h i s   e x c e s s   s y n t h e s i s   gas,   on  an  a l i q u o t   or  n o n - a l i q u o t  

b a s i s   of  H2  and  CO,  and  up  to  100  p e r c e n t ,   is  burned  as  f ue l   in  t h e  

p rocess   w i t h o u t   m e t h a n a t i o n   or  o t h e r   h y d r o g e n a t i v e   c o n v e r s i o n .   L e s s  

than  40  p e r c e n t   of  i t ,   i f   i t   is  not   r e q u i r e d   as  fue l   in  the  p r o c e s s ,  

can  be  m e t h a n a t e d   and  used  as  p i p e l i n e   gas .   Even  though  the  l i q u e -  

f a c t i o n   p r o c e s s   is  o r d i n a r i l y   more  e f f i c i e n t   than  the  g a s i f i c a t i o n  

p r o c e s s ,   and  the  f o l l o w i n g   examples   show  t h a t   s h i f t i n g   a  p o r t i o n   o f  

the  p roces s   load  from  the  l i q u e f a c t i o n   zone  to  the  g a s i f i c a t i o n   z o n e  

to  produce  methane  r e s u l t s   in  a  loss   of  p r o c e s s   e f f i c i e n c y ,   which  was  

expec ted ;   the  f o l l o w i n g   examples   now  s u r p r i s i n g l y   show  t h a t   s h i f t i n g  

a  p o r t i o n   of  the  p r o c e s s   load  from  the  l i q u e f a c t i o n   zone  to  the  g a s i -  

f i c a t i o n   zone  to  p roduce   s y n t h e s i s   gas  for  combus t ion   w i t h i n   t h e  

p rocess   u n e x p e c t e d l y   i n c r e a s e s   the  t h e r m a l   e f f i c i e n c y   of  the  com- 

b i n a t i o n   p r o c e s s .  

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

of  coal  l i q u e f a c t i o n   and  g a s i f i c a t i o n   on  a  hydrogen  m a t e r i a l  

ba l ance   b a s i s .   An  a r t i c l e   e n t i t l e d   "The  SRC-II  P r o c e s s  -   P r e s e n t e d  

at  the  Third  Annual  I n t e r n a t i o n a l   C o n f e r e n c e   on  Coal  G a s i f i c a t i o n  



L i g u e t a c i o n     F i t a g l   ; ingust   3-5,  1976  by  

B.  K.  Schmid  and  D.  M.  J ackson   s t r e s s e s   t ha t   in  a  c o m b i n a t i o n   c o a l  

l i q u e f a c t i o n - g a s i f i c a t i o n   o p e r a t i o n   the  amount  of  o r g a n i c   m a t e r i a l  

passed   from  the  l i q u e f a c t i o n   z o n e  t o   the  g a s i f i c a t i o n   zone  s h o u l d  

be  j u s t   s u f f i c i e n t   for  the  p r o d u c t i o n   of  the  hydrogen  r e q u i r e d   f o r  

the  p r o c e s s .   The  a r t i c l e   docs  not  sugges t   the  pas sage   of  ene rgy   a s  

fue l   between  the  l i q u e f a c t i o n   and  g a s i f i c a t i o n   zones  and  t h e r e f o r e  

had  no  way  to  r e a l i z e   the  p o s s i b i l i t y   of  e f f i c i e n c y   o p t i m i z a t i o n   a s  

i l l u s t r a t e d   in  F i g u r e   1,  d i s c u s s e d   below.  The  d i s c u s s i o n   of  F i g u r e  

1  shows  t ha t   e f f i c i e n c y   o p t i m i z a t i o n   r e q u i r e s   the  passage   of  e n e r g y  

as  fue l   between  the  zones  and  canno t   te  a c h i e v e d   th rough   a  h y d r o g e n  

b a l a n c e   w i t h o u t   the  p a s s a g e   of  e n e r g y .  

Because  the  V T B  c o n t a i n s   a l l   oF  the  m ine ra l   r e s i d u e   o f  

the  p r o c e s s   in  s l u r r y   with  a l l   n o r m a l l y   s o l i d   d i s s o l v e d   coal   p r o -  

duced  in  the  p r o c e s s ,   and  b e c a u s e   the  VTB  is  passed  in  i t s   e n t i r e t y  

d i r e c t l y   to  the  g a s i f i e r   zone,  no  s t ep   for  the  s e p a r a t i o n   o f  

m i n e r a l   r e s i d u e   from  d i s s o l v e d   coa l ,   such  as  f i l t r a t i o n ,   s e t t l i n g ,  

s o l v e n t - a s s i s t e d   s e t t l i n g ,   s o l v e n t   e x t r a c t i o n   of  h y d r o g e n - r i c h   com- 

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

is  r e q u i r e d   in  the  p r o c e s s .   Also ,   no  m i n e r a l   r e s i d u e   d r y i n g ,   n o r m a l l y  

s o l i d   d i s s o l v e d   coal   c o o l i n g   and  h a n d l i n g   s t e p s ,   or  de layed   or  f l u i d  

coking  s t eps   are  r e q u i r e d   in  the  p l a n t   f o r  t h e   cc :nb ina t ion   p r o c e s s .  

E l i m i n a t i o n   or  avo idance   of  each  of  these   s t eps   c o n s i d e r a b l y   i m p r o v e s  

the  t he rmal   e f f i c i e n c y   of  the  p r o c e s s .  

Recycle   of  a  p o r t i o n   of  the  m i n e r a l   r e s i d u e - c o n t a i n i n g   s l u r r y  

th rough   the  l i q u e f a c t i o n   zone  i n c r e a s e s   the  c o n c e n t r a t i o n   of  m i n e r a l  

r e s i d u e   in  the  d i s s o l v e r   s t e p .   S ince   the  i n o r g a n i c   m i n e r a l   m a t t e r   i n  

the  m i n e r a l   r e s i d u e   is  a  c a t a l y s t   for  the  h y d r o g c n a t i o n   and  h y d r o -  

c r a c k i n g   r e a c t i o n s   o c c u r r i n g   in  the  d i s s o l v e r   step  and  is  a l so   a 

c a t a l y s t   for  the  c o n v e r s i o n   ot  s u l f u r   to  hydrogen  s u l f i d e   and  for  t h e  



c o n v e r s i o n   of  oxygen  to  w a t e r ,   d i s s o l v e r   s i z e   and  r e s i d e n c e   t i m e  

is  d i m i n i s h e d   due  to  m i n e r a l   r e c y c l e ,   t h e r e b y   making  p o s s i b l e   t h e  

high  e f f i c i e n c y   of  the  p r o c e s s .   Recycle   of  m i n e r a l   r e s i d u e   o f  

i t s e l f   can  a d v a n t a g e o u s l y   reduce   the  y i e l d   of  n o r m a l l y   s o l i d  

d i s s o l v e d   coa l   by  as  much  as  about   o n e - h a l f ,   t h e r e b y   i n c r e a s i n g   t h e  

y i e l d   of  more  v a l u a b l e   l i q u i d   and  h y d r o c a r b o n   gaseous   p r o d u c t s  

and  r e d u c i n g   the  feed  to  the  g a s i f i e r   zone.  Because   of  m i n e r a l  

r e c y c l e ,   the  p r o c e s s   is  r e n d e r e d   a u t o c a t a l y t i c   and  no  e x t e r n a l  

c a t a l y s t   is  r e q u i r e d ,   f u r t h e r   t e n d i n g   to  enhance   the  p r o c e s s  

e f f i c i e n c y .   I t   is  a  p a r t i c u l a r   f e a t u r e   of  t h i s   i n v e n t i o n   t h a t  

r e c y c l e   s o l v e n t   does  not  r e q u i r e   h y d r o g e n a t i o n   in  the  p r e s e n c e  

of  an  e x t e r n a l   c a t a l y s t   to  r e j u v e n a t e   i t s   h y d r o g e n - d o n o r   c a p -  

a b i l i t i e s .  

S ince   the  r e a c t i o n s   o c c u r r i n g   in  the  d i s s o l v e r   are  e x o -  

the rmic ,   h igh   p r o c e s s   e f f i c i e n c y   r e q u i r e s   t h a t   the  d i s s o l v e r  

t e m p e r a t u r e   be  p e r m i t t e d   to  r i s e   at  l e a s t   about   20,  50,  100  or  e v e n  

200°F.  (11 .1 ,   27 .8 ,   55.5  or  even  l l l . 1 ° C . ) ,   or  more,  above  t h e  

maximum  p r e h e a t e r   t e m p e r a t u r e .   Coo l ing   of  the  d i s s o l v e r   to  p r e -  

vent  such  a  t e m p e r a t u r e   d i f f e r e n t i a l   would  r e q u i r e   p r o d u c t i o n   o f  

a d d i t i o n a l   quench  hydrogen  in  the  s h i f t   r e a c t i o n ,   or  would  r e q u i r e  

a d d i t i o n a l   h e a t   i npu t   to  the  p r e h e a t   s t e p   to  c a n c e l   any  t e m p e r a t u r e  

d i f f e r e n t i a l   be tween   the  two  zones.   In  e i t h e r   even t ,   a  g r e a t e r  

p r o p o r t i o n   of  the  coa l   would  be  consumed  w i t h i n   the  p r o c e s s ,   t h e r e b y  

t e n d i n g   to  r educe   the  t he rma l   e f f i c i e n c y   of  the  p r o c e s s .  

Al l   of  the  raw  feed  coa l   s u p p l i e d   to  the  c o m b i n a t i o n  

p rocess   is  s u p p l i e d   to  the  l i q u e f a c t i o n   zone,  and  none  is  s u p p l i e d  

d i r e c t l y   to  the  g a s i f i c a t i o n   zone.  The  m i n e r a l   r e s i d u e - c o n t a i n i n g  

VTB  s l u r r y   c o m p r i s e s   the  e n t i r e   h y d r o c a r b o n a c e o u s   feed  to  t h e  

g a s i f i e r   zone.  A  l i q u e f a c t i o n   p r o c e s s   can  o p e r a t e   at  a  h i g h e r  

the rmal   e f f i c i e n c y   than  a  g a s i f i c a t i o n   p r o c e s s   at   modera te   y i e l d s  



of  so l i d   d r s s e l v e d   c o a l  p r o d e c t .   P a r t  o f   the  r eason   t h a t   a 

g a s i f i c a t i o n   p r o c e s s   has  a  l o w e r   e f r i c i e n c y   is  t h a t   a  p a r t i a l  

o x i d a t i o n   g a s i f i c a t i o n   p r o c e s s   p roduces   s y n t h e s i s   gas  (CO  and  H2) 

and  r e q u i r e s   e i t h e r   a  s u b s q u e n t   s h i f t  r e a c t i o n   s t ep   to  c o n v e r t  

the  carbon  monoxide  wi th   added  steam  to  hydrogen ,   if   hydrogen   i s  

to  be  the  u l t i m a t e   gaseous   p r o d u c t ,   or  a  s u b s e q u e n t   s h i f t   r e a c t i o n  

and  m e t h a n a t i o n   s t ep ,   if  p i p e l i n e   gas  is  to  be  the  u l t i m a t e  

gaseous  p r o d u c t .   A  s h i f t   r e a c t i o n   s tep   is  r e q u i r e d   p r i o r   to  a 

m e t h a n a t i o n   s t ep   to  i n c r e a s e   the  r a t i o  o f   CO  to  H2  from  about   0 . 6  

to  about  3  to  p r e p a r e   the  gas  for  m e t h a n a t i o n .   Passage  of  t h e  

e n t i r s   raw  coal  feed  t h rough   the  l i q u e f a c t i o n   zone  a l lows  c o n -  

v e r s i o n   of  some  of  the  coal   components   to  premium  p r o d u c t s   at  t h e  

h ighe r   e f f i c i e n c y   of  the  l i q u e f a c t i o n   zone  p r io r   to  passage   o f  

non-premium  no rma l ly   s o l i d   d i s s o l v e d   coal  to  the  g a s i f i c a t i o n   zone  

for  c o n v e r s i o n   at  lower  e f f i c i e n c y .  

In  the  p l a n t   of  the  a b o v e - c i t e d   p r i o r   a r t   c o m b i n a t i o n   c o a l  

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

is  passed  t h rough   a  s h i f t   r e a c t o r   to  produce  the  p r e c i s e   q u a n t i t y   o f  

p rocess   hydrogen  r e q u i r e d .   T h e r e f o r e ,   the  p r i o r   a r t   p r o c e s s   i s  

s u b j e c t   to  the  c o n f i n e s   of  a  r i g i d   m a t e r i a l   b a l a n c e .   However,  t h e  

p r e s e n t   i n v e n t i o n   r e l e a s e s   the  p r o c e s s   of  the  r i g i d i t y   of  p r e c i s e  

m a t e r i a l   b a l a n c e   c o n t r o l   by  p r o v i d i n g   the  g a s i f i e r   with  more  h y d r o -  

c a r b o n a c e o u s   m a t e r i a l   than  is  r e q u i r e d   for  p reduc ing   p r o c e s s  

hydrogen.   In  the  p l a n t   of  the  p r e s e n t   i n v e n t i o n ,   c o n d u i t   means  

are  p rov ided   so  tha t   the  s y n t h e s i s   gas  produced  in  excess   of  t h e  

amount  r e q u i r e d   for  the  p r o d u c t i o n   of  hydrogen  is  removed  from  t h e  

g a s i f i c a t i o n   system,  for  example,  from  the  point   between  the  p a r t i a l  

o x i d a t i o n   zone  and  the  s h i f t   r e a c t i o n   zone.  A11,  or  at  l e a s t   60 

p e r c e n t   on  a  combus t ion   h e a t i n g   value  b a s i s ,   of  the  removed  p o r t i o n ,  

a f t e r   t r e a t m e n t   for  the  removal  of  acid  gas,  is  u t i l i z e d ,  a s   f u e l  

for  the  p l a n t   w i t h o u t   a  m e t h a n s t i o n   or  o ther   h y d r o g c n a t i o n   s t e p .  

An  amount  always  below  40  p e r c e n t   of  the  removed  p o r t i o n ,   i f  



any,  can  be  passed   t h rough   a  s h i f t   r e a c t o r   to  produce   p r o c e s s  

hydrogen  for  s a l e ,   m e t h a n a t e d   and  u t i l i z e d   as  p i p e l i n e   gas,  o r  

can  be  c o n v e r t e d   to  me thano l   or  o t h e r   f u e l .   Thereby,   a l l   or  m o s t  

of  the  ou tpu t   of  the  g a s i f i e r   is  consumed  w i t h i n   the  p l a n t ,   e i t h e r  

as  a  r e a c t a n t   or  as  a  sou rce   of  ene rgy .   Any  r ema in ing   fue l   r e -  

q u i r e m e n t s   for  the  p l a n t   are  s u p p l i e d   by  fue l   produced  in  t h e  

l i q u e f a c t i o n   p l a n t   and  by  ene rgy   s u p p l i e d   from  a  source   o u t s i d e   o f  

the  p r o c e s s .  

The  u t i l i z a t i o n   of  s y n t h e s i s   gas  or  a  carbon  m o n o x i d e -  

r i c h   s t ream  as  fue l   w i t h i n   the  p r o c e s s   is  a  c r i t i c a l   f e a t u r e   o f  

the  p r e s e n t   i n v e n t i o n   and  c o n t r i b u t e s   to  the  high  e f f i c i e n c y   o f  

the  p r o c e s s .   S y n t h e s i s   gas  or  a  ca rbon   m o n o x i d e - r i c h   s t ream  i s  

not  m a r k e t a b l e   as  commerc ia l   f ue l   b e c a u s e   i t s   carbon  monox ide  

c o n t e n t   is  t o x i c ,   and  b e c a u s e   i t   has  a  lower  h e a t i n g   value  t h a n  

methane.   However,  n e i t h e r   of  t h e s e   o b j e c t i o n s   to  the  c o m m e r c i a l  

use  of  s y n t h e s i s   gas  or  ca rbon   monoxide  as  a  fue l   a p p l i e s   in  t h e  

p l a n t   of  the  p r e s e n t   i n v e n t i o n .   F i r s t ,   b e c a u s e   the  p l a n t   a l r e a d y  

c o n t a i n s   a  s y n t h e s i s   gas  u n i t ,   i t   is  equ ipped   with  means  for  p r o -  

t e c t i o n   a g a i n s t   the  t o x i c i t y   of  ca rbon   monoxide.   Such  p r o t e c t i o n  

would  be  u n l i k e l y   to  be  a v a i l a b l e   in  a  p l a n t   which  does  not  p r o d u c e  

s y n t h e s i s   gas.   Secondly ,   b e c a u s e   the  s y n t h e s i s   gas  is  e m p l o y e d  

as  a  fuel   at  the  p l a n t   s i t e ,   i t   does  not  r e q u i r e   t r a n s p o r t   to  a 

d i s t a n t   l o c a t i o n .   The  pumping  c o s t s   of  p i p e l i n e   gas  are  b a s e d  

on  gas  volume  and  not  on  h e a t i n g   c o n t e n t .   T h e r e f o r e ,   on  a  h e a t i n g  

value  b a s i s   the  pumping  cos t   for   t r a n s p o r t i n g   s y n t h e s i s   gas  o r  

carbon  monoxide  would  be  much  h i g h e r   than  for  the  t r a n s p o r t   o f  

methane.   But  because   s y n t h e s i s   gas  or  carbon  monoxide  is  u t i l i z e d   a s  

a  fuel   at  the  p l a n t   s i t e   in  a c c o r d a n c e   wi th   t h i s   i n v e n t i o n ,   t r a n s p o r t  

cos t s   are  not  s i g n i f i c a n t .   S ince   the  p l a n t   embodies  on  s i t e   u t i l i -  

z a t i o n   of  s y n t h e s i s   gas  or  ca rbon   monoxide  as  a  fue l   w i t h o u t   a 

m e t h a n a t i o n   s t ep   or  o t h e r   h y d r o g e n a t i o n   s t ep ,   a  thermal   e f f i c i e n c y  

improvement  is  a c h i e v e d .   I t   is  shown  below  t h a t   the  t he rma l   e f f i -  

c i ency   advan tage   a c h i e v e d   is  d i m i n i s h e d   or  l o s t   if  an  e x c e s s i v e  



amount  of  s y n t h e s i s   gas  is  m e t h a n a t e d   and  u t i l i z e d   as  p i p e l i n e   g a s .  

I t   is  a l so   shown  below  t h a t   if   s y n t h e s i s   gas  is  p roduced   by  t h e  

g a s i f i e r   in  an  amount  in  excess   of  t h a t   r e q u i r e d   for  p r o c e s s   h y d r o g e n  

and  a l l   of  the  excess   s y n t h e s i s   gas  is  m e t h a n a t e d ,   t h e r e   is  a  n e g a -  

t ive   e f f e c t   on  t h e r m a l   e f f i c i e n c y   by  combining  the  l i q u e f a c t i o n   and 

g a s i f i c a t i o n   p r o c e s s e s .  

The  t h e r m a l   e f f i c i e n c y   of  the  p r e s e n t   p l a n t   is  e n h a n c e d  

because   between  5  and  100  p e r c e n t   of  the  t o t a l   energy   r e q u i r e m e n t   o f  

the  p l a n t ,   i n c l u d i n g   both   fue l   and  e l e c t r i c a l   energy ,   is  s a t i s f i e d  

by  d i r e c t   combus t ion   of  s y n t h e s i s   gas  produced  in  the  g a s i f i c a t i o n  

zone.  I t   is  s u r p r i s i n g   t h a t   the  t he rma l   e f f i c i e n c y   of  a  l i q u e f a c t i o n  

p r o c e s s   can  be  enhanced  by  g a s i f i c a t i o n   of  the  no rma l ly   s o l i d   d i s -  

so lved  coal   o b t a i n e d   from  the  l i q u e f a c t i o n   zone,  r a t h e r   than  by  

f u r t h e r   c o n v e r s i o n   of  sa id   coa l   w i t h i n   the  l i q u e f a c t i o n   z o n e ,  

s ince   coal   g a s i f i c a t i o n   is  known  to  be  a  l e s s   e f f i c i e n t   m e t h o d  

of  coal   c o n v e r s i o n   than  coa l   l i q u e f a c t i o n .   T h e r e f o r e ,   i t   w o u l d  

be  expec ted   t h a t   p u t t i n g   an  a d d i t i o n a l   load  upon  the  g a s i f i c a t i o n  

zone,  by  r e q u i r i n g   i t   to  p roduce   p r o c e s s   energy  in  a d d i t i o n   t o  

p roces s   hydrogen ,   would  r educe   the  e f f i c i e n c y   of  the  c o m b i n a t i o n  

p r o c e s s .   F u r t h e r m o r e ,   i t   would  be  expec t ed   t h a t   i t   would  b e  

e s p e c i a l l y   i n e f f i c i e n t   to  feed  to  a  g a s i f i e r   a  coal   t h a t   has  a l r e a d y  

been  s u b j e c t e d   to  h y d r o g e n a t i o n ,   as  c o n t r a s t e d   to  raw  coa l ,   s i n c e  

the  r e a c t i o n   in  the  g a s i f i e r   zone  is  an  o x i d a t i o n   r e a c t i o n .   I n  

s p i t e   of  these   o b s e r v a t i o n s ,   i t   has  been  u n e x p e c t e d l y   found  t h a t  

the  t he rmal   e f f i c i e n c y   of  the  p r e s e n t   c o m b i n a t i o n   p r o c e s s   i s  

i n c r e a s e d   when  the  g a s i f i e r   p roduces   a l l   or  a  s i g n i f i c a n t   amoun t  

o f  p l a n t   fue l ,   as  wel l   as  p r o c e s s   hydrogen .   The  p r e s e n t   i n v e n t i o n  

d e m o n s t r a t e s   t h a t   in  a  c o m b i n a t i o n   coal   l i q u e f a c t i o n - g a s i f i c a t i o n  

p roces s   the  s h i f t i n g   of  a  p o r t i o n   of  the  p roce s s   load  from  t h e  

more  e f f i c i e n t   l i q u e f a c t i o n   zone  to  the  less   e f f i c i e n t   g a s i f i c a t i o n  



zone  in  the  manner  and  to  t h e  e x t e n t   d e s c r i b e d   can  u n e x p e c t e d l y  

p r o v i d e   a  more  e f f i c i e n t   c o m b i n a t i o n   p r o c e s s .  

In  o rde r   to  embody  the  d i s c o v e r e d   t h e r m a l   e f f i c i e n c y  

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

f a c t i o n - g a s i f i c a t i o n   p l a n t   must  be  p r o v i d e d   w i th   c o n d u i t   means  f o r  

t r a n s p o r t i n g   a  p o r t i o n   of  the  s y n t h e s i s   gas  p roduced   in  the  p a r t i a l  

o x i d a t i o n   zone  to  one  or  more  c o m b u s t i o n   zones  w i t h i n   the  p r o c e s s  

p r o v i d e d   wi th   means  for  the  c o m b u s t i o n   of  the  s y n t h e s i s   g a s .  

F i r s t ,   the  s y n t h e s i s   gas  is  passed   t h r o u g h   an  acid   gas  r e m o v a l  

system  for   the  removal  of  hydrogen   s u l f i d e   and  carbon   d i o x i d e  

t h e r e f r o m .   The  removal  of  hydrogen   s u l f i d e   is  r e q u i r e d   for  e n -  

v i r o n m e n t a l   r e a s o n s ,   whi le   the  removal   of  ca rbon   d i o x i d e   u p g r a d e s  

the  h e a t i n g   va lue   of  the  s y n t h e s i s   gas  and  p e r m i t s   f i n e r   t e m p e r a t u r e  

c o n t r o l   in  a  b u r n e r   u t i l i z i n g   the  s y n t h e s i s   gas  as  a  f u e l .   To 

a c h i e v e   the  d e m o n s t r a t e d   improvement   in  t h e r m a l   e f f i c i e n c y ,   t h e  

s y n t h e s i s   gas  must  be  passed  to  the  c o m b u s t i o n   zone  w i t h o u t   any  

i n t e r v e n i n g   s y n t h e s i s   gas  m e t h a n a t i o n   or  o t h e r   h y d r o g e n a t i o n   s t e p .  

A  f e a t u r e   of  t h i s   i n v e n t i o n   is  t h a t   h igh  g a s i f i e r   t e m p e r -  

a t u r e s   in  the  range  of  2,200  to  3 , 6 0 0 ° F .   (1 ,204   to  1 ,982°C. )   a r e  

employed.   These  high  t e m p e r a t u r e s   improve  p r o c e s s   e f f i c i e n c y   by  

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

feed  to  the  g a s i f i e r .   These  high  g a s i f i e r   t e m p e r a t u r e s   are  made 

p o s s i b l e   by  p rope r   a d j u s t m e n t   and  c o n t r o l   of  the  r a t e s   of  i n j e c t i o n  

of  s team  and  oxygen  to  the  g a s i f i e r .   The  steam  r a t e   i n f l u e n c e s  

the  e n d o t h e r m i c   r e a c t i o n   of  steam  wi th   ca rbon   to  produce  CO  and  H2, 

wh i l e   the  oxygen  r a t e   i n f l u e n c e s   the  e x o t h e r m i c   r e a c t i o n   of  c a r b o n  

wi th   oxygen  to  produce  CO.  Because  of  the  h igh  t e m p e r a t u r e s  

i n d i c a t e d   above,  the  s y n t h e s i s   gas  p roduced   a c c o r d i n g   to  t h i s  

i n v e n t i o n   w i l l   have  H2  to  CO  mole  r a t i o s   below  1,  and  even  b e l o w  

0.9,   0.8  or  0 .7.   However,  b e c a u s e   of  the  equa l   h e a t s   of  c o m b u s t i o n  

of  H2  and  CO  the  heat   of  combus t ion   of  the  s y n t h e s i s   gas  p r o d u c e d  



w i l l   net  be  lower  than  t h i s   o f   a  s y n t h e s i s   gas  having  h i g h e r   r a t i o s  

of  R2  to  CO.  Tnus,  the  high  g a s i f i e r   t e m p e r a t u r e s   of  t h i s   i n v e n t i o n  

are  a d v a n t a g e o u s   in  c o n t r i b u t i n g   to  a  high  the rmal   e f f i c i e n c y   b y  

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

in  the  g a s i f i e r ,   but  the  high  t e m p e r a t u r e s   do  not  i n t r o d u c e   a 

s i g n i f i c a n t   d i s a d v a n t a g e   wi th   r e s p e c t   to  the  H2  and  CO  r a t i o   b e c a u s e  

of  the  use  of  much  of  the  s y n t h e s i s   gas  as  fue l .   In  p r o c e s s e s  

where in   a l l   of  the  s y n t h e s i s   gas  undergoes   h y d r o g e n a t i v e   c o n v e r s i o n ,  

low  r a t i o s   of  the  H2  to  CO  would  c o n s t i t u t e   a  c o n s i d e r a b l e   d i s -  

a d v a n t a g e .  

The  s y n t h e s i s   gas  can  be  a p p o r t i o n e d   w i t h i n   the  p r o c e s s  

on  the  b a s i s   of  an  a l i q u o t   or  n o n - a l i q u o t   d i s t r i b u t i o n   of  i t s   H2 

and  CO  c o n t e n t .   If  the  s y n t h e s i s   gas  is  to  be  a p p o r t i o n e d   on  a 

n o n - a l i q u o t   b a s i s ,   a  p o r t i o n   of  the  s y n t h e s i s   gas  can  be  passed  t o  

a  c r y o g e n i c   s e p a r a t o r   or  to  an  a d s o r p t i o n   un i t   to  s e p a r a t e   c a r b o n  

monoxide  from  hydrogen.   A  h y d r o g e n - r i c h   s t ream  is  r e c o v e r e d   and 

i n c l u d e d   in  the  make-up  hydrogen   s t roam  to  the  l i q u e f a c t i o n   z o n e .  

A  carbon  m o n o x i d e - r i c h   s t ream  is  r e c o v e r e d   and  b lended   with  f u l l  

range  s y n t h e s i s   gas  fuel  c o n t a i n i n g   a l i q u o t   q u a n t i t i e s   of  H2  and  CO 

or  employed  i n d e p e n d e n t l y   as  p r o c e s s   f u e l .  

Employment  of  a  c r y o g e n i c   or  a d s o r p t i o n   u n i t ,   or  a n y  

o the r   means,  to  s e p a r a t e   hydrogen   from  carbon  monoxide,  c o n t r i b u t e s  

to  p r o c e s s   e f f i c i e n c y   s i n c e  h y d r o g e n   and  carbon  monoxide  e x h i b i t  

about  the  same  heat  of  c o m b u s t i o n ,   but  hydrogen  is  more  v a l u a b l e  

as  a  r e a c t a n t   than  as  a  f u e l .   The  removal  of  hydrogen  from  c a r b o n  

monoxide  is  p a r t i c u l a r l y   a d v a n t a g e o u s   in  a  p roce s s   where  a d e q u a t e  

carbon  monoxide  is  a v a i l a b l e   to  s a t i s f y   most  of  p rocess   f u e l  

r e q u i r e m e n t s .   It  is  observed   t h a t   removal   of  the  hydrogen  from 

the  s y n t h e s i s   gas  fuel  can  a c t u a l l y   i n c r e a s e   the  h e a t i n g   value  o f  

the  r e m a i n i n g   carbon  m o n o x i d e - r i c h   s t r eam.   A  s y n t h e s i s   gas  s t r e a m  

having  a  h e a t i n g   value  of  300  BTU-SCF  (2,670  ca l .   kg/M3)  e x h i b i t e d  

an  enhanced  h e a t i n g   value  of  321  BTU/SCF  (2,857  ca l .   kg/M3)  f o l l o w i n g  



removal   of  i t s   hydrogen   c o n t e n t .   The  c a p a c i t y   of  the  p r e s e n t  

p r o c e s s   to  i n t e r c h a n g e a b l y   u t i l i z e   f u l l   range   s y n t h e s i s   gas  o r  

carbon  m o n o x i d e - r i c h   s t ream  as  p r o c e s s   f ue l   a d v a n t a g e o u s l y   p e r m i t s  

the  r e c o v e r y   of  the  more  v a l u a b l e   hydrogen   component   of  s y n t h e s i s  

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

r e m a i n i n g   ca rbon   m o n o x i d e - r i c h   s t r e a m .   T h e r e f o r e ,   the  r e m a i n i n g  

carbon  m o n o x i d e - r i c h   s t ream  can  b e  u t i l i z e d   d i r e c t l y   as  p r o c e s s   f u e l  

w i t h o u t   any  u p g r a d i n g   s t e p .  

The  manner  in  which  the  u n e x p e c t e d   t h e r m a l   e f f i c i e n c y   a d -  

van tage   of  t h i s   i n v e n t i o n   is  a ch i eved   in  a  c o m b i n a t i o n   coa l   l i q u e -  

f a c t i o n - g a s i f i c a t i o n   system  is  e x p l a i n e d   in  d e t a i l   below  in  r e l a t i o n  

to  the  g r a p h i c a l   showing  of  F igure   1.  F i g u r e   1  shows  t h a t   a l t h o u g h  

the  t h e r m a l   e f f i c i e n c y   of  a  c o m b i n a t i o n   coa l   l i q u e f a c t i o n - g a s i f i c a t i o r .  

p r o c e s s   p r o d u c i n g   only  l i q u i d   and  gaseous   f u e l s   is  h i g h e r   than  t h a t  

of  a  g a s i f i c a t i o n   p r o c e s s   a lone .   The  s u p e r i o r i t y   is  m a x i m i z e d  

when  the  l i q u e f a c t i o n   zone  p roduces   an  i n t e r m e d i a t e   y i e l d   o f  

n o r m a l l y   s o l i d   d i s s o l v e d   coal ,   a l l   of  which  is  consumed  in  t h e  

g a s i f i c a t i o n   zone.  This  i n t e r m e d i a t e   y i e l d   of  n o r m a l l y   s o l i d  

d i s s o l v e d   coa l   is  most  e a s i l y   a ch i eved   by  employ ing   s l u r r y   r e c y c l e  

due  to  the  c a t a l y t i c   e f f e c t   of  m i n e r a l s   in  the  r e c y c l e   s l u r r y  

and  due  to  the  o p p o r t u n i t y   for  f u r t h e r   r e a c t i o n   of  r e c y c l e  

d i s s o l v e d   c o a l .   T h e r e f o r e ,   the  t he rma l   e f f i c i e n c y   of  a  c o m b i n a t i o n  

p r o c e s s   would  be  lower  than  t h a t   of  a  g a s i f i c a t i o n   p r o c e s s   a l o n e  

if  the  s e v e r i t y   of  the  l i q u e f a c t i o n   o p e r a t i o n   were  so  low  and  t h e  

amount  of  s o l i d   coa l   passed  to  the  g a s i f i c a t i o n   p l a n t   were  so  h i g h  

t h a t   the  p l a n t   produced  a  good  deal   more  hyd rogen   and  s y n t h e s i s   g a s  

than  i t   could   consume,  s ince   t h a t   would  be  s i m i l a r   to  s t r a i g h t  

g a s i f i c a t i o n   of  a  coa l .   At  the  o t h e r   ex t r eme ,   i f   the  s e v e r i t y  

of  the  l i q u e f a c t i o n   p rocess   were  so  high  and  the  amount  of  s o l i d  

coal   passed   to  the  g a s i f i c a t i o n   p l a n t   so  low  t h a t   the  g a s i f i e r  



cou ld   not  produce  even  the  hydrogen   r e q u i r e m e n t   of  the  p r o c e s s  

(hydrogen   p r o d u c t i o n   is  the  f i r s t   p r i o r i t y   of  g a s i f i c a t i o n ) ,   t h e  

s h o r t a g e   of  hydrogen   would  have  to  be  made  up  from  a n o t h e r   s o u r c e .  

The  only  o t h e r   p r a c t i c a l   source   of  h y d r o g e n   in  the  system  would  be  

steam  r e f o r m i n g   of  the  l i g h t e r   g a s e s ,   such  as  methane,   or  l i q u i d s  

from  the  l i q u e f a c t i o n   zone.  However,  t h i s   would  c o n s t i t u t e   a 

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

i t   would  i nvo lve   to  a  s i g n i f i c a n t   e x t e n t   c o n v e r s i o n   of  methane  t o  

hydrogen   and  back  to  methane  again   and  migh t   a l so   be  d i f f i c u l t   o r  

i m p r a c t i c a l   to  a c c o m p l i s h .  

The  t he rma l   e f f i c i e n c y   of  the  c o m b i n a t i o n   system  of  t h i s  

i n v e n t i o n   is  c a l c u l a t e d   from  the  i n p u t   and  o u t p u t   e n e r g i e s   of  t h e  

sys t em.   The  ou tpu t   energy   is  equal   to  the  high  h e a t i n g   v a l u e  

( k i l o c a l o r i e s )   of  a l l   p r o d u c t   f u e l s   r e c o v e r e d   from  the  s y s t e m .  

The  i npu t   energy  is  equal   to  the  h igh  h e a t i n g   value  of  the  f e e d  

coa l   plus  the  h e a t i n g   va lue   of  any  fue l   s u p p l i e d   to  the  s y s t e m  

from  an  e x t e r n a l   source   p lus   the  hea t   r e q u i r e d   to  produce   p u r c h a s e d  

e l e c t r i c   power.  Assuming  a  34  p e r c e n t   e f f i c i e n c y   in  the  p r o d u c t i o n  

of  e l e c t r i c   power,  the  hea t   r e q u i r e d   to  p roduce   pu rchased   e l e c t r i c  

power  is  the  heat   e q u i v a l e n t   of  the  e l e c t r i c   power  p u r c h a s e d  

d i v i d e d   by  0 .34.   The  high  h e a t i n g   va lue   of  the  feed  coal   and 

p r o d u c t   f ue l s   of  the  p r o c e s s   are  used  for  the  c a l c u l a t i o n s .   The 

high  h e a t i n g   va lue   assumes  t h a t   the  fue l   is  dry  and  t h a t   the  h e a t  

c o n t e n t   of  the  wa te r   produced  by  r e a c t i o n   of  hydrogen  and  oxygen  

is  r e c o v e r e d   via  c o n d e n s a t i o n .   The  t h e r m a l   e f f i c i e n c y   can  be  

c a l c u l a t e d   as  f o l l o w s :  



All   of  the  raw  feed  coal   for   the  p l a n t   is  p u l v e r i z e d ,   d r i e d  

and  mixed  wi th   hot  s o l v e n t - c o n t a i n i n g   r e c y c l e   s l u r r y .   The  r e c y c l e  

s l u r r y   is  c o n s i d e r a b l y   more  d i l u t e   than  the  s l u r r y   passed   to  t h e  

g a s i f i e r   zone  b e c a u s e   i t   is  not  f i r s t   vacuum  d i s t i l l e d   and  c o n t a i n s  

a  c o n s i d e r a b l e   q u a n t i t y   of  380  to  850°F.  (193  to  454°C)  d i s t i l l a t e  

l i q u i d ,   which  pe r fo rms   a  s o l v e n t   f u n c t i o n .   One  to  four  p a r t s ,  

p r e f e r a b l y   1.5  to  2.5  p a r t s ,   on  a  we igh t   b a s i s ,   of  r e c y c l e d   s l u r r y  

are  employed  to  one  p a r t   of  raw  coa l .   The  r e c y c l e d   s l u r r y ,   h y d r o g e n  

and  raw  coal   are  p a s s e d  t h r o u g h   a  f i r e d   t u b u l a r   p r e h e a t e r   zone,  and 

then  to  a  r e a c t o r   or  d i s s o l v e r   zone.  The  r a t i o   of  hydrogen   to  raw 

coal   is  in  the  range   20,000  to  80,000  and  is  p r e f e r a b l y   30,000  t o  

60,000  SCF  per  ton  (0.62  to  2.48,   and  is  p r e f e r a b l y   0.93  to  1 . 8 6  

M 3 / k g ) .  

In  the  p r e h e a t e r   the  t e m p e r a t u r e   of  the  r e a c t a n t s  

g r a d u a l l y   i n c r e a s e s   so  t h a t   the  p r e h e a t e r   o u t l e t   t e m p e r a t u r e   is  i n  

the  range  680  to  820°F.  (360  to  438°C. ) ,   p r e f e r a b l y   about   700  t o  

760  F.  (371  to  4 0 4 ° C . ) .   The  coal   is  p a r t i a l l y   d i s s o l v e d   at  t h i s  

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

are  b e g i n n i n g .   The  heat   g e n e r a t e d   by  t he se   e x o t h e r m i c   r e a c t i o n s   i n  

the  d i s s o l v e r ,   which  is  a g i t a t e d   and  is  at  a  un i fo rm  t e m p e r a t u r e ,  

f u r t h e r   r a i s e s   the  t e m p e r a t u r e   of  the  r e a c t a n t s   to  t h e  

range  800  to  900°F.  (427  to  482°C. ) ,   p r e f e r a b l y   840  to  870°F.  (449 

to  466°C. ) .   The  r e s i d e n c e   time  in  the  d i s s o l v e r   zone  is  l onger   t h a n  

in  the  p r e h e a t e r   zone.  The  d i s s o l v e r   t e m p e r a t u r e   is  at  l e a s t   20, 

50,  100  or  even  200°F.  (11.1,   27.8,   55.5  or  even  111 .1°C . )   h i g h e r  

than  the  o u t l e t   t e m p e r a t u r e   of  the  p r e h e a t e r .   The  hydrogen   p r e s s u r e  

in  the  p r e h e a t i n g   and  d i s s o l v e r   s t eps   is  in  the  range  1 , 0 0 0  



to  4.000  par.  and  is  p r e f e r a b l y   1.500  to  2.500  ps i   (70  to  280,  and 

is  p r e f e r a b l y   103  to  175  kg /cm2) .   The  hydrogen  is  added  to  t h e  

s l u r r y   at  one  or  more  p o i n t s .   At  l e a s t   a  p o r t i o n   of  the  h y d r o g e n  

is  added  to  the  s l u r r y   p r i o r   to  the  i n l e t   of  the  p r e h e a t e r .  

A d d i t i o n a l   hydrogen  may  be  added  be tween  the  p r e h e a t e r   and  d i s s o l v e r  

a n d / o r   as  quench  hydrogen  in  the  d i s s o l v e r   i t s e l f .   Quench  h y d r o g e n  

is  i n j e c t e d   at  v a r i o u s   p o i n t s   in  the  d i s s o l v e r   to  m a i n t a i n   t h e  

r e a c t i o n   t e m p e r a t u r e   at  a  l e v e l   which  avoids   s i g n i f i c a n t   c o k i n g  

r e a c t i o n s .  



Since  the  g a s i f i e r   is  p r e f e r a b l y   p r e s s u r i z e d   and  i s  

adap ted   to  r e c e i v e   and  p r o c e s s   a  s l u r r y   f eed ,   the  vacuum  t o w e r  

bot toms  c o n s t i t u t e s   an  i d e a l   g a s i f i e r   feed  and  should  not  be  s u b -  

j e c t e d   to  any  h y d r o c a r b o n   c o n v e r s i o n   or  o t h e r   p r o c e s s   s tep   w h i c h  

w i l l   d i s t u r b   the  s l u r r y   in  advance   of  t h e  g a s i f i e r .   For  e x a m p l e ,  

the  VTB  should  not  be  passed   t h rough   e i t h e r   a  de l ayed   or  a  f l u i d  

coker  in  advance  of  the  g a s i f i e r   to  p roduce   coker  d i s t i l l a t e   t h e r e -  

from  because   the  coke  p roduced   w i l l   then  r e q u i r e   s l u r r y i n g   in  w a t e r  

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

G a s i f i e r s   adap ted   to  a c c e p t   a  s o l i d   feed  r e q u i r e   a  lock  h o p p e r  

f e e d i n g   mechanism  and  t h e r e f o r e   are  more  c o m p l i c a t e d   than  g a s i f i e r s  

a d a p t e d  t o   a c c e p t   a  s l u r r y   f eed .   The  amount  of  water   r e q u i r e d   t o  

p r e p a r e   an  a c c e p t a b l e   and  pumpable  s l u r r y   of  coke  is  much  g r e a t e r  

than  the  amount  of  wate r   t h a t   should   be  fed  to  the  g a s i f i e r   o f  

t h i s   i n v e n t i o n .   The  s l u r r y   feed  to  the  g a s i f i e r   of  t h i s   i n v e n t i o n  

is  e s s e n t i a l l y   w a t e r - f r e e ,   a l t h o u g h   c o n t r o l l e d   amounts  of  w a t e r  

or  steam  are  charged   to  the  g a s i f i e r   i n d e p e n d e n t l y   of  the  s l u r r y  

feed  to  p roduce   CO  and  H2  by  an  e n d o t h e r m i c   r e a c t i o n .   T h i s  

r e a c t i o n   consumes  hea t ,   whereas   the  r e a c t i o n   of  c a r b o n a c e o u s   f e e d  

with  oxygen  to  p roduce   CO  g e n e r a t e s   h e a t .   In  a  g a s i f i c a t i o n   p r o -  

cess  where in   H2  is  the  p r e f e r r e d   g a s i f i e r   p r o d u c t ,   r a t h e r   than  CO, 

such  as  where  a  s h i f t   r e a c t i o n ,   a  m e t h a n a t i o n   r e a c t i o n ,   or  a  

methanol   c o n v e r s i o n   r e a c t i o n   w i l l   f o l l o w ,   the  i n t r o d u c t i o n   of  a  

l a rge   amount  of  water   would  be  b e n e f i c i a l .   However,  in  the  p r o c e s s  

of  t h i s   i n v e n t i o n ,   where  a  c o n s i d e r a b l e   q u a n t i t y   of  s y n t h e s i s   g a s  

is  u t i l i z e d   as  p r o c e s s   f u e l ,   thE:  p r o d u c t i o n   of  hydrogen  is  o f  

d i m i n i s h e d   b e n e f i t   as  compared  to  the  p r o d u c t i o n   of  CO,  s i nce   B2 

and  CO  have  about   the  same  hea t   of  c o m b u s t i o n .   T h e r e f o r e ,   t h e  

g a s i f i e r   of  t h i s   i n v e n t i o n   can  o p e r a t e   at  the  e l e v a t e d   t e m p e r a t u r e s  

i n d i c a t e d   below  in  o r d e r   to  e n c o u r a g e   n e a r l y   comple te   o x i d a t i o n   o f  



c a r b o n a c e n s   feed  oven  though  t h e r e   high  t e m p e r a t u r e s   induce  a 

s y n t h e s i s   gas  p r o d u c t   with  a  r o l e   r a t i o   of  H2  to  CO  of  l e s s   t h a n  

one;  p r e f e r a b l y   l e s s   than  0.8  or  0.9;  and  more  p r e f e r a b l y   l e s s  

than  0.6  or  0 . 7 .  

Because   g a s i f i e r s   are  g e n e r a l l y   unable   to  o x i d i z e   a l l  

of  the  h y d r o c a r b o n a c e o u s   fue l   s u p p l i e d   to  them  and  some  is  u n -  

a v o i d a b l y   l o s t   as  coke  in  the  removed  s l ag ,   g a s i f i e r s   tend  t o  

o p e r a t e   at  a  h i g h e r   e f f i c i e n c y   with  a  h y d r o c a r b o n a c e o u s   feed  i n  

the  l i q u i d   s t a t e   than  with  a  so l i d   c a r b o n a c e o u s   feed ,   such  as  c o k e .  

Since  coke  is  a  s o l i d   degraded   h y d r o c a r b o n ,   i t   cannot   be  g a s i f i e d  

at  as  near  to  a  100  p e r c e n t   e f f i c i e n c y   as  a  l i q u i d   h y d r o c a r b o n a c e o u s  

feed  so  t h a t   more  is  l o s t   in  the  molten  s lag  formed  in  the  g a s i -  

f i e r   than  in  the  case  of  a  l i q u i d   g a s i f i e r   f eed ,   which  would  

c o n s t i t u t e   an  u n n e c e s s a r y   loss   of  c a r b o n a c e o u s   m a t e r i a l   from  t h e  

system.  W h a t e v e n . t h e   g a s i f i e r   feed ,   enhanced  o x i d a t i o n   t h e r e o f  

is  f avored   with  i n c r e a s i n g   g a s i f i e r   t e m p e r a t u r e s .   T h e r e f o r e ,   h i g h  

g a s i f i e r   t e m p e r a t u r e s   are  r e q u i r e d   to  ach ieve   the  high  p r o c e s s  

thermal   e f f i c i e n c y   of  t h i s   i n v e n t i o n .   The  maximum  g a s i f i e r   t e m p e r -  

a t u r e s   of  t h i s   i n v e n t i o n   are  in  the  range  2,200  to  3 ,600°F .   ( 1 , 2 0 4  

to  1 , 9 8 2 ° C . ) ,   g e n e r a l l y ;   2,300  to  3 ,200°F.   (1,260  to  1 , 7 6 0 ° C . ) ,  

p r e f e r a b l y ;   and  2,400  or  2,500  to  3 ,200°F.   (1,316  or  1,371  t o  

1 , 7 6 0 ° C . ) ,   most  p r e f e r a b l y .   At  these   t e m p e r a t u r e s ,   the  m i n e r a l  

r e s i d u e   is  c o n v e r t e d   to  molten  s lag  which  is  removed  from  t h e  

bottom  of  the  g a s i f i e r .  

The  employment  of  a  coker  between  the  d i s s o l v e r   zond  and  

the  g a s i f i e r   zone  would  r educe   the  e f f i c i e n c y   of  the  c o m b i n a t i o n  

p r o c e s s .   A  coker  c o n v e r t s   normal ly   so l i d   d i s s o l v e d   coal   to  d i s t i l -  

l a t e   fuel   and  to  h y d r o c a r b o n   gases  with  a  s u b s t a n t i a l   y i e l d   o f  

coke.  The  d i s s o l v e r   zone  a l so   c o n v e r t s   no rmal ly   s o l i d   d i s s o l v e d  

coal  to  d i s t i l l a t e   fuel   and  to  hydroca rbon   ga se s ,   but  at  a  l o w e r  



t e m p e r a t u r e   and  wi th   a  minimal  y i e l d   of  coke.   Since   the  d i s s o l v e r  

zone  a lone   can  p r o d u c e   the  y i e l d   of  no rma l ly   s o l i d   d i s s o l v e d   c o a l  

r e q u i r e d   to  a c h i e v e   o p t i m a l   t he rma l   e f f i c i e n c y   in  the  c o m b i n a t i o n  

p roces s   of  t h i s   i n v e n t i o n ,   no  coking  s tep   is  r e q u i r e d   be tween  t h e  

l i q u e f a c t i o n   and  g a s i f i c a t i o n   zones.   The  p e r f o r m a n c e   of  a  r e -  

qu i red   r e a c t i o n   in  a  s i n g l e   p r o c e s s   s tep   with  minimal   coke  y i e l d  

is  more  e f f i c i e n t   than  the  use  of  two  s t e p s .   In  a c c o r d a n c e   w i t h  

t h i s   i n v e n t i o n ,   the   t o t a l   y i e l d   of  coke,  which  o c c u r s   only  in  t h e  

form  of  minor  d e p o s i t s   in  the  d i s s o l v e r   is  wel l   under  o n e  

weight  p e r c e n t ,   based   on  feed  c o a l ,   and  is  u s u a l l y   l e s s   than  o n e -  

t en th   of  one  w e i g h t   p e r c e n t .  

The  l i q u e f a c t i o n   p r o c e s s   p roduces   for   s a l e   a  s i g n i f i c a n t  

q u a n t i t y   of  both  l i q u i d  f u e l s   and  h y d r o c a r b o n   g a s e s .   O v e r a l l   p r o -  

cess  t he rma l   e f f i c i e n c y   is  enhanced  by  employing  p r o c e s s   c o n d i t i o n s  

adapted   to  p roduce   s i g n i f i c a n t   q u a n t i t i e s   of  both  h y d r o c a r b o n   g a s e s  

and  l i q u i d   f u e l s ,   as  compared  to  p r o c e s s   c o n d i t i o n s   a d a p t e d   t o  

force   the  p r o d u c t i o n   of  e i t h e r   h y d r o c a r b o n   gases   or  l i q u i d s ,   e x c l u -  

s i v e l y .   For  example ,   the  l i q u e f a c t i o n   zone  should   p roduce   a t   l e a s t  

8  or  10  we igh t   p e r c e n t   of  Cl  to  C4  gaseous   f u e l s ,   and  at  l e a s t   15 

to  20  weight   p e r c e n t   of  380  to  850°F.  (193  to  454°C.)  d i s t i l l a t e  

l i q u i d   f u e l ,   based  on  feed  c o a l .   A  m i x t u r e   of  methane  and  e t h a n e  

is  r e c o v e r e d   and  so ld   as  p i p e l i n e   gas.   A  m i x t u r e   of  p ropane   a n d  

butane  is  r e c o v e r e d   and  sold   as  LPG.  Both  of  t he se   p r o d u c t s   a r e  

premium  f u e l s .   Fuel   o i l   b o i l i n g   in  the  range  380  to  850°F.  (193  t o  

454°C.)  r e c o v e r e d   from  the  p r o c e s s   is  a  premium  b o i l e r   f u e l .   I t   i s  

e s s e n t i a l l y   f r e e   of  m i n e r a l   m a t t e r   and  c o n t a i n s   l e s s   than  about   0 . 4  

or  0.5  weight   p e r c e n t   of  s u l f u r .   The  C5  to  380°F.  (193°C.)  n a p h t h a  

stream  can  be  upg raded   to  a  premium  g a s o l i n e   fue l   by  p r e t r e a t i n g  

and  r e f o r m i n g .   Hydrogen  s u l f i d e   is  r e c o v e r e d   from  p r o c e s s   e f f l u e n t  

in  an  acid   gas  removal   system  and  is  c o n v e r t e d   to  e l e m e n t a l   s u l f u r .  



The  a d v a n t a g e   of  the  p r e s e n t   i n v e n t i o n   is  i l l u s t r a t e d   by 

F igu re   1  which  shows  a  thermal   e f f i c i e n c y   curve  for  a  c o m b i n a t i o n  

coal   l i q u e f a c t i o n - g a s i f i c a t i o n   p r o c e s s   pe r formed  with  a  K e n t u c k y  

b i t u m i n o u s   coal   us ing  d i s s o l v e r   t e m p e r a t u r e s   between  800  and  860°F .  

(427  and  460°C.)  and  a  d i s s o l v e r   hydrogen  p r e s s u r e   of  1700  p s i  

(119  kg/cm 2 ).  The  d i s s o l v e r   t e m p e r a t u r e   is  h igher   than  the  maximum 

p r e h e a t e r   t e m p e r a t u r e .   The  l i q u e f a c t i o n   zone  is  s u p p l i e d   w i t h  

raw  coal   at  a  f i xed   r a t e   and  m i n e r a l   r e s i d u e   is  r e c y c l e d   in  s l u r r y  

with  d i s t i l l a t e   l i q u i d   s o l v e n t   and  n o r m a l l y   so l i d   d i s s o l v e d   c o a l  

at  a  r a t e   which  is  f ixed  to  m a i n t a i n   the  t o t a l   s o l i d s   c o n t e n t   o f  

the  feed  s l u r r y   at  48  weight   p e r c e n t ,   which  is  c lose   to  a  c o n s t r a i n t  

s o l i d s   l e v e l   for  p u m p a b i l i t y ,   which  is  about  50  to  55  weight   p e r c e n t .  

F igu re   1  r e l a t e s   the  t h e r m a l   e f f i c i e n c y   of  the  c o m b i n a -  

t ion   p r o c e s s   to  the  y i e l d   of  850°F.+  (454°C.+)  d i s s o l v e d   c o a l ,  

which  is  s o l i d   at  room  t e m p e r a t u r e   and  which  t o g e t h e r   with  m i n e r a l  

r e s i d u e ,   which  c o n t a i n s   u n d i s s o l v e d   o r g a n i c   m a t t e r ,   compr i s e s   t h e  

vacuum  tower  bot toms  o b t a i n e d   from  the  l i q u e f a c t i o n   zone.  T h i s  

vacuum  tower  bot toms  is  the  only  c a r b o n a c e o u s   feed  to  the  g a s i f i -  

c a t i o n   zone  and  is  passed   d i r e c t l y   to  the  g a s i f i c a t i o n   zone  w i t h o u t  

any  i n t e r v e n i n g   t r e a t m e n t .   The  amount  of  normal ly   s o l i d   d i s s o l v e d  

coal  in  the  vacuum  tower  bot toms  can  be  v a r i e d   by  changing   t h e  

t e m p e r a t u r e ,   hydrogen  p r e s s u r e   or  r e s i d e n c e   time  in  the  d i s s o l v e r  

zone  or  by  v a r y i n g   the  r a t i o   of  feed  coal   to  r e c y c l e   m i n e r a l  

r e s i d u e .   When  the  q u a n t i t y   of  850°F.+  (454°C.+)  d i s s o l v e d   coal  i n  

the  vacuum  tower  bottom  changes ,   the  c o m p o s i t i o n   of  the  r e c y c l e  

s l u r r y   a u t o m a t i c a l l y   changes .   Curve  A  is  the  the rmal   e f f i c i e n c y  

curve  for  the  c o m b i n a t i o n   l i q u e f a c t i o n - g a s i f i c a t i o n . p r o c e s s ;  

curve  B  is  the  thermal   e f f i c i e n c y   for  a  t y p i c a l   g a s i f i c a t i o n  

p roce s s   a lone ;   and  po in t   C  r e p r e s e n t s   the  g e n e r a l   r e g i o n   of  maximum 

thermal   e f f i c i e n c y   of  the  c o m b i n a t i o n   p r o c e s s ,   which  is  about   7 2 . 4  



p e r c e n t   in  the  example  shown.  

The  g a s i f i c a t i o n   system  of  curve   B  i n c l u d e s   an  o x i d a t i o n  

zone  to  produce   s y n t h e s i s   gas ,   a  s h i f t   r e a c t o r   and  ac id   gas  r e m o v a l  

u n i t   c o m b i n a t i o n   to  c o n v e r t   a  p o r t i o n   of  the  s y n t h e s i s   gas  to  a 

h y d r o g e n - r i c h   s t r e a m , a   s e p a r a t e   ac id   gas  removal   u n i t   to  p u r i f y  

ano the r   p o r t i o n   of  the  s y n t h e s i s   gas  for   use  as  a  f u e l ,   and  a  

s h i f t   r e a c t o r   and  m e t h a n i z e r   c o m b i n a t i o n   to  c o n v e r t   any  r e m a i n i n g  

s y n t h e s i s   gas  to  p i p e l i n e   gas.   Thermal  e f f i c i e n c i e s   for  g a s i f i c a -  

t i on   systems  i n c l u d i n g   an  o x i d a t i o n   zone,  a  s h i f t   r e a c t o r   and  a  

m e t h a n i z e r   c o m b i n a t i o n   commonly  range  between  50  and  65  p e r c e n t ,  

and  are  lower  than  t h e r m a l   e f f i c i e n c i e s   for  l i q u e f a c t i o n   p r o c e s s e s  

having  modera te   y i e l d s   of  n o r m a l l y   s o l i d   d i s s o l v e d   c o a l .   The 

o x i d i z e r   in  a  g a s i f i c a t i o n   system  p r o d u c e s   s y n t h e s i s   gas  as  a  f i r s t  

s t ep .   As  i n d i c a t e d   above,   s i nce   s y n t h e s i s   gas  c o n t a i n s   c a r b o n  

monoxide  i t   is  not  a  m a r k e t a b l e   fue l   and  r e q u i r e s   a  h y d r o g e n a t i v e  

c o n v e r s i o n   such  as  a  m e t h a n a t i o n   s t ep   or  a  methanol   c o n v e r s i o n   f o r  

upg rad ing   to  a  m a r k e t a b l e   f u e l .   Carbon  monoxide  is  not  only  t o x i c ,  

but  i t   has  a  low  h e a t i n g   va lue   so  t h a t   t r a n s p o r t a t i o n   c o s t s   f o r  

s y n t h e s i s   gas  are  u n a c c e p t a b l e   on  a  h e a t i n g   va lue   b a s i s .   The 

a b i l i t y   of  the  p r e s e n t   p r o c e s s   to  u t i l i z e   a l l ,   or  at  l e a s t   60 

p e r c e n t   of  the  combus t ion   hea t   va lue   of  the  H2  p lus   CO  c o n t e n t   o f  

the  s y n t h e s i s   gas  p roduced   as  fue l   w i t h i n   the  p l a n t   w i t h o u t   h y d r o -  

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

of  the  p r e s e n t   c o m b i n a t i o n   p r o c e s s .  

In  o rde r   for   the  s y n t h e s i s   gas  to  be  u t i l i z e d   as  a  f u e l  

w i t h i n   the  p l a n t   in  a c c o r d a n c e   wi th   t h i s   i n v e n t i o n   c o n d u i t   means  

must  be  p rov ided   to  t r a n s p o r t   the  s y n t h e s i s   gas  or  a  n o n - a l i q u o t  

p o r t i o n   of  the  CO  c o n t e n t   t h e r e o f   to  the  l i q u e f a c t i o n   zone,  f o l l o w i n g  

acid   gas  removal ,   and  the  l i q u e f a c t i o n   zone  must  be  equipped   w i t h  

combust ion   means  adap t ed   to  burn  the  s y n t h e s i s   gas  or  a  c a r b o n  



  p o r t i o n   t h e r e o f   as  fuel  w i thou t   an  i n t e r v e n i n g  

s y n t h e s i s   gas  h y d r o g e n a t i o n   u n i t .   If  the  amount  of  s y n t h e s i s   g a s  

is  not  s u f f i c i e n t   to  p r o v i d e   the  f u l l   fuel   r e q u i r e m e n t   of  t h e  

p r o c e s s ,   c o n d u i t   means  should   a l so   be  p rov ided   for  the  t r a n s p o r t  

o f  o t h e r   fuel   p roduced   w i t h i n   t h e  d i s s o l v e r   zone,  such  as  n a p h t h a ,  

LPG,or  gaseous   f u e l s   such  as  methane  or  e thane ,   to  c o m b u s t i o n  

means  w i t h i n   the  p r o c e s s   adap t ed   to  burn  said  o ther   f u e l .  

F i g u r e   1  shows  t h a t   the  t he rmal   e f f i c i e n c y   of  the  c o m b i n -  

a t i on   p roce s s   is  so  low  at  850°F.+  (454°C.+)  d i s s o l v e d   coal   y i e l d s  

above  45  p e r c e n t   t h a t   t h e r e   is  no  e f f i c i e n c y   advan tage   r e l a t i v e   t o  

g a s i f i c a t i o n   a lone   in  o p e r a t i n g   a  c o m b i n a t i o n   p roce s s   at  s u c h  

high  y i e l d s o f   n o r m a l l y   s o l i d   d i s s o l v e d   coa l .   As  i n d i c a t e d   i n  

F igure   1,  the  absence   o f ' r e c y c l e   m i n e r a l  r e s i d u e   to  c a t a l y z e   t h e  

l i q u e f a c t i o n   r e a c t i o n   in  a  l i q u e f a c t i o n   p roce s s   induces   a  y i e l d   o f  

850°F.+  (454°C.+)  d i s s o l v e d   coal   in  the  r eg ion   of  60  p e r c e n t ,  

based  on  feed  coa l .   F igure   1  i n d i c a t e s   tha t   with  r e c y c l e   o f  

minera l   r e s i d u e   the  y i e l d   of  850°F.+  (454°C.+)  d i s s o l v e d   coal   i s  

reduced  to  the  r e g i o n   of  20  to  25  p e r c e n t ,   which  c o r r e s p o n d s   t o  

the  r eg ion   of  maximum  the rmal   e f f i c i e n c y   for  the  c o m b i n a t i o n  

p r o c e s s .   With  r e c y c l e   of  m i n e r a l   r e s i d u e   a  f ine   a d j u s t m e n t   in  t h e  

y i e ld   of  850°F.+  (454°C.+)  d i s s o l v e d   coal  in  order   to  o p t i m i z e  

thermal   e f f i c i e n c y   can  be  a c c o m p l i s h e d   by  va ry ing   the  t e m p e r a t u r e ,  

hydrcgen  p r e s s u r e ,   r e s i d e n c e   time  a n d / o r   the  r a t i o   of  r e c y c l e  

s l u r r y   to  feed  coal   whi le   m a i n t a i n i n g   a  c o n s t a n t   s o l i d s   l e v e l   i n  

the  feed  s l u r r y .  

Po in t   D1  on  curve  A  i n d i c a t e s   the  po in t   of  c h e m i c a l  

hydrogen  ba l ance   for  the  c o m b i n a t i o n   p r o c e s s .   At  an  8 5 0 ° F . +  

(454°C.+)  d i s s o l v e d   coal  y i e l d   of  15  p e r c e n t   (point   D1),  t h e  

g a s i f i e r   p roduces   the  exact   chemica l   hydrogen  r e q u i r e m e n t   of  t h e  

l i q u e f a c t i o n   p r o c e s s .   The  the rmal   e f f i c i e n c y   at  the  8 5 0 ° F . +  



( 4 5 4 ° C + )   d i s s o l v e d   coal   y i e l d   of  p o i n t   D1  is  the  same  as  t h e  

e f f i c i e n c y   at   the  l a r g e r   850°F.+  (454°C.+)  d i s s o l v e d   coal   y i e l d  

of  p o i n t   D2'  When  o p e r a t i n g   the  p r o c e s s   in  the  r e g i o n   of  t h e  

lower  y i e l d   of  po in t   D1,  the  d i s s o l v e r   zone  w i l l   be  r e l a t i v e l y  

l a r g e   to  a c c o m p l i s h   the  r e q u i s i t e   d e g r e e   of  h y d r o c r a c k i n g   and  t h e  

g a s i f i e r   zone  w i l l   be  r e l a t i v e l y   smal l   b e c a u s e   of  the  r e l a t i v e l y  

smal l   amount  of  c a r b o n a c e o u s   m a t e r i a l   which  is  fed  to  i t .   When 

o p e r a t i n g   the  p roce s s   in  the  r e g i o n   of  p o i n t   D2,  the  d i s s o l v e r   z o n e  

w i l l   be  r e l a t i v e l y   small   because   of  the  r educed   amount  of  h y d r o -  

c r a c k i n g   r e q u i r e d   at  p o i n t   D2,  but  the  the  g a s i f i e r   zone  w i l l   be  

r e l a t i v e l y   l a r g e .   In  the  r e g i o n   be tween   p o i n t s   D1  and  D2  t h e  

d i s s o l v e r   zone  and  the  g a s i f i e r   zone  w i l l   be  r e l a t i v e l y   b a l a n c e d  

and  the  t h e r m a l   e f f i c i e n c y   w i l l   be  near   a  maximum. 

P o i n t   E1  on  curve  A  i n d i c a t e s   the  p o i n t   of  p r o c e s s  

hydrogen  b a l a n c e ,   which  i n c l u d e s   hydrogen   l o s s e s   in  the  p r o c e s s .  

Po in t   E1  i n d i c a t e s   the  amount  of  850°F.+  (454°C.+)  d i s s o l v e d   c o a l  

t h a t   must  be  produced  and  passed   to  the  g a s i f i e r   zone  to  p r o d u c e  

s u f f i c i e n t   gaseous   hydrogen  to  s a t i s f y   the  c h e m i c a l   h y d r o g e n  

r e q u i r e m e n t   of  the  p r o c e s s   p lus   l o s s e s   of  ga seous   hydrogen  i n  

p r o d u c t   l i q u i d   and  gaseous   s t r e a m s .   The  r e l a t i v e l y   l a r g e   amount  o f  

850°F.+  (454°C.+)  d i s s o l v e d   coal   p roduced   at  p o i n t   E2  w i l l   a c h i e v e  

the  same  t h e r m a l   e f f i c i e n c y   as  is  a c h i e v e d   at  p o i n t   E1.  At  t h e  

c o n d i t i o n s   of  p o i n t   E1,  the  s i ze   of  the  d i s s o l v e r   w i l l   be  r e l a -  

t i v e l y   l a r g e   to  a ccompl i sh   the  g r e a t e r   deg ree   of  h y d r o c r a c k i n g  

r e q u i r e d   at   t h a t   p o i n t ,   and  the  s i z e   of  the  g a s i f i e r   w i l l   b e  

c o r r e s p o n d i n g l y   r e l a t i v e l y   sma l l .   On  the  o t h e r   hand,  at  t h e  

c o n d i t i o n s   of  po in t   E2  the  s i ze   of  the  d i s s o l v e r   w i l l   be  r e l a t i v e l y  

small   b e c a u s e   of  the  lower  degree   of  h y d r o c r a c k i n g ,   whi le   the  s i z e  

of  the  g a s i f i e r   w i l l   be  r e l a t i v e l y   l a r g e .   The  d i s s o l v e r   and  

g a s i f i e r   zones  w i l l   be  r e l a t i v e l y   b a l a n c e d   in  s i ze   midway  b e t w e e n  

p o i n t s   E1  and  E2  ( i . e .   midway  between  850°F.+  (454°C.+)  coal   y i e l d s  



of  about   17.5  and  27  weight   p e r c e n t ) ,   and  thermal   e f f i c i e n c i e s  

are  the  h i g h e s t   in  t h i s   i n t e r m e d i a t e   z o n e .  

At  p o i n t   X  on  l i ne   ElE2,  the  y i e l d   of  850°F.+  ( 4 5 4 ° C . + )  

d i s s o l v e d   coal   w i l l   be  j u s t   a d e q u a t e   to  supply  a l l   p r o c e s s   h y d r o g e n  

r e q u i r e m e n t s   and  a l l   p r o c e s s   fue l   r e q u i r e m e n t s .   At  8 5 0 ° F . +  

(454°C.+)  d i s s o l v e d   coal   y i e l d s   between  p o i n t s   E   and  X,  a l l  

s y n t h e s i s   gas  not  r e q u i r e d   for  p r o c e s s   hydrogen  is  u t i l i z e d   a s  

fuel   w i t h i n   the  p r o c e s s   so  t h a t   no  h y d r o g e n a t i v e   c o n v e r s i o n   o f  

s y n t h e s i s   gas  is  r e q u i r e d   and  the  t he rma l   e f f i c i e n c y   is  h igh .   How- 

ever ,   at  850°F.+  (454°C.+)  d i s s o l v e d   coal   y i e l d s   in  the  r e g i o n  

between  p o i n t s   X  and  E2'  the  850°F.+  (454°C.+)  d i s s o l v e d   coal   p r o -  

duced  in  excess   of  p o i n t   X  canno t   be  consumed  w i t h i n   the  p r o c e s s  

and  t h e r e f o r e   w i l l   r e q u i r e   f u r t h e r   c o n v e r s i o n ,   such  as  m e t h a n a t i o n  

for  sa le   as  p i p e l i n e   g a s .  

F i g u r e   1  shows  t h a t   the  t he rmal   e f f i c i e n c y   of  the  c o m b i n -  

a t i o n   p r o c e s s   i n c r e a s e s   as  the  amount  of  s y n t h e s i s   gas  a v a i l a b l e  

for  fue l   i n c r e a s e s   and  r e a c h e s   a  peak  in  the  r e g i o n   of  p o i n t   Y, 

where  the  s y n t h e s i s   gas  p roduced   j u s t   s u p p l i e s   the  e n t i r e   p r o c e s s  

fuel   r e q u i r e m e n t .   The  e f f i c i e n c y   s t a r t s   to  d e c l i n e   at  p o i n t   Y 

because   more  s y n t h e s i s   gas  is  p roduced   than  the  p r o c e s s   can  u t i l i z e  

as  p l a n t   fue l   and  because   i t   is  at  p o i n t   Y  t h a t   a  m e t h a n a t i o n   u n i t  

is  r e q u i r e d   to  c o n v e r t   the  exces s   s y n t h e s i s   gas  to  p i p e l i n e   g a s .  

F igu re   1  shows  t h a t   the  improved  t he rma l   e f f i c i e n c i e s   of  t h i s  

i n v e n t i o n   are  a c h i e v e d   when  the  amount  of  850°F.+  (454°C.+)  d i s -  

s o l v e d  c o a l   produced  is  a d e q u a t e   to  produce   any  amount,   for  e x a m p l e ,  

f r o m  a b o u t   5,  10  or  20  up  to  about   90  or  100  p e r c e n t   o f  

p r o c e s s   fue l   r e q u i r e m e n t s .   However,  F igure   1  i n d i c a t e s   t h a t   t h e  

the rmal   e f f i c i e n c y   advan t age   of  t h i s   i n v e n t i o n   s t i l l   p r e v a i l s ,  

a l b e i t   to  a  d i m i n i s h e d   e x t e n t ,   when  most  of  the  s y n t h e s i s   gas  p r o -  

duced  is  u t i l i z e d   w i t h o u t   m e t h a n a t i o n   to  supply  p r o c e s s   f ue l   r e -  



q u i r e m e n t s ,   a l t h o u g h   a  l i m i t e d   e x c e s s   amount  of  s y n t h e s i s   gas  i s  

p roduced   which  r e q u i r e s   m e t h a n a t i o n   to  r e n d e r   i t   m a r k e t a b l e .   When 

the  amount  of  s y n t h e s i s   gas  p roduced   which  r e q u i r e s   m e t h a n a t i o n  

becomes  e x c e s s i v e ,   as  i n d i c a t e d   at   p o i n t   Z,  the  e f f i c i e n c y   a d v a n t a g e  

of  t h i s   i n v e n t i o n   is  l o s t .   I t   is  s i g n i f i c a n t   to  note  t h a t   a  o n e  

p e r c e n t   e f f i c i e n c y   i n c r e a s e   in  a  commerc i a l   s i ze   p l a n t   of  t h i s  

i n v e n t i o n   can  e f f e c t   an  annua l   s a v i n g s   of  about   ten  m i l l i o n   d o l l a r s .  

The  l i q u e f a c t i o n   p r o c e s s   should   o p e r a t e   at  a  s e v e r i t y  

so  t h a t   the  p e r c e n t   by  we igh t   of  850°F.+   (454°C.+)  no rma l ly   s o l i d  

d i s s o l v e d   coal   based  on  dry  feed  coa l   w i l l   be  at  any  va lue   b e t w s e n  

15  and  45  p e r c e n t ,   b r o a d l y ;   between  15  and  30  p e r c e r t ,   l e s s  

b r o a d l y ;   and  between  17  and  27  p e r c e n t ;   n a r r o w l y ,   which  p r o v i d e s  

the  t h e r m a l   e f f i c i e n c y   a d v a n t a g e   of  t h i s   i n v e n t i o n .   As  s t a t e d  

above,   the  p e r c e n t   on  a  h e a t i n g   v a l u e   b a s i s   of  the  t o t a l   e n e r g y  

r e q u i r e m e n t   of  the  p roce s s   which  is  d e r i v e d   f r o r   the  s y n t h e s i s   g a s  

p roduced   from  these   amounts  of  g a s i f i e r   feeds  should   be  at  l e a s t  

5,  10,  20  or  30  p e r c e n t   on  a  h e a t i n g   va lue   b a s i s ,   up  to  100  p e r c e n t ;  

the  r e m a i n d e r   of  the  p r o c e s s   ene rgy   being  d e r i v e d   from  fue l   p r o -  

duced  d i r e c t l y   in  the  l i q u e f a c t i o n   zone  and /o r   from  energy  s u p p l i e d  

from  a  source   o u t s i d e   of  the  p r o c e s s ,   such  as  e l e c t r i c a l   e n e r g y .  

I t   is  a d v a n t a g e o u s   t h a t   the  p o r t i o n   of  the  p l a n t   fue l   which  is  n o t  

s y n t h e s i s   gas  be  d e r i v e d   from  the  l i q u e f a c t i o n   p r o c e s s   r a t h e r   t h a n  

from  raw  c o a l ,   s ince   the  p r i o r   t r e a t m e n t   of  the  coal   in  the  l i q u e -  

f a c t i o n   p r o c e s s   pe rmi t s   e x t r a c t i o n   of  v a l u a b l e   f r a c t i o n s   t h e r e f r o m  

at  the  e l e v a t e d   e f f i c i e n c y   of  the  c o m b i n a t i o n   p r o c e s s .  



As  shown  above,   high  ther™al  e f f i c i e n c i e s   are  a s s o c i a t e d  

with  modera te   y i e l d s   of  n o r m a l l y   s o l i d   d i s s o l v e d   coal   which,  i n  

t u rn ,   are  a s s o c i a t e d   with  mode ra t e   l i q u e f a c t i o n   c o n d i t i o n s .   A t  

modera te   c o n d i t i o n s ,   s i g n i f i c a n t   y i e l d s   of  h y d r o c a r b o n   gases   a n d  

l i q u i d   f u e l s   are  p roduced   in  the  l i q u e f a c t i o n   zone  and  very  h i g h  

and  very  low  y i e l d s   of  n o r m a l l y   s o l i d   d i s s o l v e d   coal   are  d i s c o u r a g e d .  

As  i n d i c a t e d ,   the  mode ra t e   c o n d i t i o n s   which  r e s u l t   in  a  r e l a t i v e l y  

b a l a n c e d   mix  of  h y d r o c a r b o n   g a s e s ,   l i q u i d   and  s o l i d   coal   l i q u e -  

f a c t i o n   zone  p r o d u c t s   r e q u i r e   a  p l a n t   where in   the  s i z e s   of  t h e  

d i s s o l v e r   and  g a s i f e r   zones  are  r e a s o n a b l y   b a l a n c e d ,   with  b o t h  

zones  being  of  i n t e r m e d i a t e   s i z e .   When  the  s i z e s   of  the  d i s s o l v e r  

and  g a s i f i e r   zones  are  r e a s o n a b l y   ba l anced   the  g a s i f i e r   w i l l   p r o -  

duce  more  s y n t h e s i s   g a s  t h a n   is  r e q u i r e d   for  p r o c e s s   h y d r o g e n  

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

which  means  are  p r o v i d e d   for   p a s s a g e   of  a  s t ream  of  s y n t h e s i s   g a s  

a f t e r   acid   gas  removal   to  the  l i q u e f a c t i o n   zone  or  e l s e w h e r e   i n  

the  p r o c e s s   at  one  or  more  s i t e s   t h e r e i n   which  are  p r o v i d e d   w i t h  

burner   means  for  combus t ion   of  sa id   s y n t h e s i s   gas  or  a  c a r b o n  

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

d i f f e r e n t   type  of  burner   w i l l   be  r e q u i r e d   for  the  combus t ion   o f  

s y n t h e s i s   gas  or  carbon  monoxide  than  is  r e q u i r e d   for  the  c o m b u s t i o n  

of  hyd roca rbon   ga se s .   I t   is  only  in  such  a  p l a n t   t h a t   o p t i m a l  

thermal   e f f i c i e n c y   can  be  a c h i e v e d .   T h e r e f o r e ,   such  a  p l a n t  

f e a t u r e   is  c r i t i c a l   if   a  p l a n t   is  to  embody  the  t he rma l   e f f i c i e n c y  

o p t i m i z a t i o n   d i s c o v e r y   of  t h i s   i n v e n t i o n .  

A  modera te   and  r e l a t i v e l y   ba lanced   o p e r a t i o n   as  d e s c r i b e d  

is  o b t a i n e d   most  r e a d i l y   by  a l l o w i n g   the  d i s s o l v e r   to  a c h i e v e   t h e  

r e a c t i o n   e q u i l i b r i u m   i t   t ends   to  f avo r ,   w i t h o u t   imposing  e i t h e r  

r e a c t i o n   r e s t r a i n t s   or  e x c e s s e s .   For  example,   h y d r o c r a c k i n g  

r e a c t i o n s   should  not  p roceed   to  an  excess   such  t h a t   very  l i t t l e   o r  



no  n o r m a l l y   s o l i d   d i s s o l v e d   coal   is  p r o d u c e d .   On  the  o t h e r   h a n d ,  

h y d r o c r a c k i n g   r e a c t i o n s   should   not  be  unduly   r e s t r a i n e d ,   b e c a u s e  

a  s h a r p l y   r educed   e f f i c i e n c y   w i l l   r e s u l t   wi th   very  high  y i e l d s   o f  

n o r m a l l y   s o l i d   d i s s o l v e d   coa l .   Since  h y d r o c r a c k i n g   r e a c t i o n s   a r e  

e x o t h e r m i c ,   the  t e m p e r a t u r e   in  the  d i s s o l v e r   should   be  a l l o w e d  t o  

n a t u r a l l y   r i s e   above  the  t e m p e r a t u r e   of  the  p r e h e a t e r .   As  i n d i -  

ca t ed   above ,   the  p r e v e n t i o n   of  such  a  t e m p e r a t u r e   i n c r e a s e   would  

r e q u i r e   the  i n t r o d u c t i o n   of  c o n s i d e r a b l y   more  quench  hydrogen  t h a n  

is  r e q u i r e d   with  such  a  t e m p e r a t u r e   i n c r e a s e .   This  would  r e d u c e  

t he rma l   e f f i c i e n c y   by  r e q u i r i n g   m a n u f a c t u r e   of  more  hydregen  t h a n  

would  be  o t h e r w i s e   r e q u i r e d   and  a l so   would  r e q u i r e   the  e x p e n d i t u r e  

of  a d d i t i o n a l   energy  to  p r e s s u r i z e   the  excess   hydrogen .   A v o i d a n c e  

of  a  t e m p e r a t u r e   d i f f e r e n t i a l   d e v e l o p i n g   between  the  p r e h e a t e r   and  

d i s s o l v e r   zones  might  be  a c h i e v e d   by  a  t e m p e r a t u r e   i n c r e a s e   in  t h e  

p r e h e a t e r   zone  to  cance l   any  t e m p e r a t u r e   d i f f e r e n t i a l   d e v e l o p i n g  

between  the  p r e h e a t e r   and  d i s s o l v e r   zones,,  but  t h i s   would  r e q u i r e  

exces s   f u e l   usage  in  the  p r e h e a t e r   z o n e   T h e r e f o r e ,   i t   is  s e e n  

t h a t   any  e x p e d i e n t   which  m a i n t a i n e d   a  common  p r e h e a t e r   and  d i s -  

s o l v e r   t e m p e r a t u r e   would  o p e r a t e   a g a i n s t   the  n a t u r a l   t endency   o f  

the  l i q u e f a c t i o n   r e a c t i o n   and  would  reduce   the  t he rma l   e f f i c i e n c y  

of  the  p r o c e s s .  

Minera l   r e s i d u e   p roduced   in  the  p r o c e s s   c o n s t i t u t e s   a 

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

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

i n c r e a s e   in  the  r a t e s   of  r e a c t i o n s   which  n a t u r a l l y   tend  to  o c c u r ,  

t h e r e b y   r e d u c i n g   the  r e q u i r e d   r e s i d e n c e   time  in  the  d i s s o l v e r  

a n d / o r   r e d u c i n g   the  r e q u i r e d   s i z e   of  the  d i s s o l v e r   zone.  The 

m i n e r a l   r e s i d u e   is  suspended  in  p r o d u c t   s l u r r y   i n . t h e   form  of  v e r y  

smal l   p a r t i c l e s   1  to  20  mic rons   in  s i z e ,   and  the  small   s i ze   of  t h e  

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



of  c a t a l y t i c   m a t e r i a l   s h a r p l y   r e d u c e s   the  amount  of  s o l v e n t  

r e q u i r e d .   T h e r e f o r e ,   r e c y c l e   of  p r o c e s s   m i n e r a l   r e s i d u e   in  s l u r r y  

with  d i s t i l l a t e   l i q u i d   s o l v e n t   in  an  amount  a d e q u a t e   to  p r o v i d e   a 

s u i t a b l e   e q u i l i b r i u m   c a t a l y t i c   a c t i v i t y   t ends   to  enhance  the  t h e r m a l  

e f f i c i e n c y   of  the  p r o c e s s .  

The  c a t a l y t i c   and  o t h e r   e f f e c t s   due  to  the  r e c y c l e   o f  

p r o c e s s   m i n e r a l   r e s i d u e   can  r educe   by  about   o n e - h a l f   or  even  more  

the  no rma l ly   s o l i d   d i s s o l v e d   coal   y i e l d   in  the  l i q u e f a c t i o n   zone  

via  h y d r o c r a c k i n g   r e a c t i o n s ,   as  well   as  i n d u c i n g   an  i n c r e a s e d  

removal   of  s u l f u r   and  oxygen.  As  i n d i c a t e d   in  F i g u r e   1,  a  20  t o  

25  p e r c e n t   850°F.+  (454°C.+)  coal   y i e l d   p r o v i d e s   e s s e n t i a l l y   a 

maximum  t he rma l   e f f i c i e n c y   in  a  c o m b i n a t i o n   l i q u e f a c t i o n - g a s i f i c a -  

t i o n   p r o c e s s .   A  s i m i l a r   deg ree   of  h y d r o c r a c k i n g   canno t   be  a c h i e v e d  

s a t i s f a c t o r i l y   by  a l l o w i n g   the  d i s s o l v e r   t e m p e r a t u r e   to  i n c r e a s e  

w i t h o u t   r e s t r a i n t   via  the  e x o t h e r m i c   r e a c t i o n s   o c c u r r i n g   t h e r e i n  

because   e x c e s s i v e   coking  would  r e s u l t .  

Use  of  an  e x t e r n a l   c a t a l y s t   in  the  l i q u e f a c t i o n   p r o c e s s  

is  not  e q u i v a l e n t   to  r e c y c l e   of  m i n e r a l   r e s i d u e   because   i n t r o -  

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

the  p r o c e s s   more  complex  and  t h e r e b y   reduce   p r o c e s s   e f f i c i e n c y ,   a s  

c o n t r a s t e d   to  the  use  of  an  i n d i g i n o u s   or  in  s i t u   c a t a l y s t .   T h e r e -  

f o r e ,   the  p r e s e n t   p roce s s   does  not  r e q u i r e   or  employ  an  e x t e r n a l  

c a t a l y s t .  

As  a l r e a d y   i n d i c a t e d ,   the  t he rmal   e f f i c i e n c y   o p t i m i z a t i o n  

curve  of  F igu re   1  r e l a t e s   t he rma l   e f f i c i e n c y   o p t i m i z a t i o n   to  t h e  

y i e l d   of  no rma l ly   s o l i d   d i s s o l v e d   coal  s p e c i f i c a l l y   and  r e q u i r e s  

t h a t   a l l   the  no rma l ly   s o l i d   d i s s o l v e d   coal   o b t a i n e d ,   w i t h o u t   any  

l i q u i d   coal   or  h y d r o c a r b o n   g a s e s ,   be  passed   to  the  g a s i f i e r .   T h e r e -  

fo re ,   i t   is  c r i t i c a l   t h a t   any  p l a n t   which  embodies  the  d e s c r i b e d  

e f f i c i e n c y   o p t i m i z a t i o n   curve   employ  a  vacuum  d i s t i l l a t i o n   t o w e r ,  



p r e f e r a b l y   in  a s s o c i a t i o n   wi th   an  a t m o s p h e r i c   tower ,   to  a c c o m p l i s h  

a  comple te   s e p a r a t i o n   of  n o r m a l l y   s o l i d   d i s s o l v e d   coal   from  l i q u i d  

coal   and  h y d r o c a r b o n   g a s e s .   An  a t m o s p h e r i c   tower  a lone   is  i n -  

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

s o l i d   d i s s o l v e d   coa l .   In  f a c t ,   the  a t m o s p h e r i c   tower  can  be  

o m i t t e d   from  the  p r o c e s s ,   i f   d e s i r e d .   If  l i q u i d   coal   is  p a s s e d  

to  the  g a s i f i e r   a  r educed   e f f i c i e n c y   w i l l   r e s u l t   s i n c e ,   u n l i k e  

no rma l ly   s o l i d   d i s s o l v e d   c o a l ,   l i q u i d   coa l   is  a  premium  f u e l .  

L iqu id   coal   consumes  more  hydrogen   in  i t s   p r o d u c t i o n   than  d o e s  

no rma l ly   s o l i d   d i s s o l v e d   c o a l .   The  i n c r e m e n t a l   hydrogen  c o n t a i n e d  

in  l i q u i d   coal   would  be  was ted   in  the  o x i d a t i o n   zone,  and  t h i s  

waste  would  c o n s t i t u t e  a   r e d u c t i o n   in  p r o c e s s   e f f i c i e n c y .  

A  scheme  for   p e r f o r m i n g   the  c o m b i n a t i o n   p r o c e s s   of  t h i s  

i n v e n t i o n   is  i l l u s t r a t e d   in  F i g u r e   2.  Dr ied   and  p u l v e r i z e d   r a w  

c o a l ,   which  is  the  e n t i r e   raw  coa l   feed  for   the  p r o c e s s ,   i s  

passed   t h rough   l i n e   10  to  s l u r r y   mixing   tank   12  where in   i t   i s  

mixed  with  hot  s o l v e n t - c o n t a i n i n g   r e c y c l e   s l u r r y   from  the  p r o c e s s  

f lowing   in  l i n e   14.  The  s o l v e n t - c o n t a i n i n g   r e c y c l e   s l u r r y   m i x t u r e  

(in  the  range  1 . 5  -   2.5  p a r t s   by  we igh t   of  s l u r r y   to  one  p a r t   o f  

coal)   in  l i n e   16  is  pumped  by  means  of  r e c i p r o c a t i n g   pump  18  a n d  

admixed  with  r e c y c l e   hydrogen   e n t e r i n g   t h rough   l i n e   20  and  w i t h  

make-up  hydrogen  e n t e r i n g   t h r o u g h   l i n e   92  p r i o r   to  pa s sage   t h r o u g h  

t u b u l a r   p r e h e a t e r   f u r n a c e   22  from  which  i t   is  d i s c h a r g e d   t h r o u g h  

l i n e   24  to  d i s s o l v e r   26.  The  r a t i o   of  hydrogen   to  feed  coal   i s  

about   40,000  SCF/ton  (1.24  M 3 / k g ) .  

The  t e m p e r a t u r e   of  the  r e a c t a n t s   at  the  o u t l e t   of  t h e  

p r e h e a t e r   is  about   700  to  760°F.  (371  to  4 0 4 ° C . ) .   At  t h i s   t e m p e r -  

a t u r e   the  coal   is  p a r t i a l l y   d i s s o l v e d   in  the  r e c y c l e   s o l v e n t ,  

and  the  e x o t h e r m i c   h y d r o g e n a t i o n   and  h y d r o c r a c k i n g   r e a c t i o n s  

are  j u s t   b e g i n n i n g .   Whereas  the  t e m p e r a t u r e   g r a d u a l l y   i n c r e a s e s  



along  the  l e n g t h   of  the  p r e h e a t e r   tube ,   the  d i s s o l v e r   is  at  a  

g e n e r a l l y   un i fo rm  t e m p e r a t u r e   t h r o u g h o u t   and  the  heat   g e n e r a t e d  

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

a t u r e   of  the  r e a c t a n t s   to  the  range  840-870°F.   ( 4 4 9 - 4 6 6 ° C . ) .  

Hydrogen  quench  p a s s i n g   t h rough   l i n e   28  is  i n j e c t e d   i n t o   the  d i s -  

s o l v e r   at  v a r i o u s   p o i n t s   to  c o n t r o l   the  r e a c t i o n   t e m p e r a t u r e   a n d  

a l l e v i a t e   the  impact   of  the  e x o t h e r m i c   r e a c t i o n s .  

The  d i s s o l v e r   e f f l u e n t   p a s s e s   th rough   l i n e   29  to  v a p o r -  

l i q u i d   s e p a r a t o r   sys tem  30.  The  hot  overhead   vapor  s t r eam  f rom 

these   s e p a r a t o r s   is  coo led   in  a  s e r i e s   of  heat   e x c h a n g e r s   and 

a d d i t i o n a l   v a p o r - l i q u i d   s e p a r a t i o n   s t e p s   and  removed  t h rough   l i n e  

32.  The  l i q u i d   d i s t i l l a t e   from  t h e s e   s e p a r a t o r s   p a s s e s   t h r o u g h  

l i n e   34  to  a t m o s p h e r i c   f r a c t i o n a t o r   36.  The  n o n - c o n d e n s e d   gas  i n  

l i n e   32  c o m p r i s e s   u n r e a c t e d   hydrogen ,   methane  and  o t h e r   l i g h t   h y d r o -  

c a r b o n s ,   p lus   H2S  and  C02,  and  is  passed   to  ac id   gas  removal   u n i t  

38  for  removal   of  H2S  and  C02.  The  hydrogen  s u l f i d e   r e c o v e r e d   i s  

c o n v e r t e d   to  e l e m e n t a l   s u l f u r   which  is  removed  from  the  p r o c e s s  

through  l i ne   40.  A  p o r t i o n   of  the  p u r i f i e d   gas  is  pa s sed   t h r o u g h  

l ine   42  for  f u r t h e r   p r o c e s s i n g   in  c r y o g e n i c   u n i t   44  for   r e m o v a l  

of  much  of  the  methane  and  e t h a n e   as  p i p e l i n e   gas  which  p a s s e s  

through  l i n e   46  and  for  the  removal   of  propane  and  bu t ane   as  LPG 

which  pas ses   t h r o u g h   l i n e   48.  The  p u r i f i e d   hydrogen  (90  p e r c e n t  

pure)  in  l i n e   50  is  b lended   with  the  r ema in ing   gas  from  the  a c i d  

gas  t r e a t i n g   s t ep   in  l i n e   52  and  c o m p r i s e s   the  r e c y c l e   h y d r o g e n  

for  the  p r o c e s s .   , 
The  l i q u i d   s l u r r y   from  v a p o r - l i q u i d   s e p a r a t o r s   30 

pas ses   th rough  l i n e   56  and  is  s p l i t   i n to   two  major  s t r e a m s ,   58 

and  60.  Stream  58  c o m p r i s e s   the  r e c y c l e   s l u r r y   c o n t a i n i n g   s o l -  

vent ,   no rmal ly   d i s s o l v e d   coal   and  c a t a l y t i c   m i n e r a l   r e s i d u e .  

The  n o n - r e c y c l e d   p o r t i o n   of  t h i s   s l u r r y   pa s se s   t h r o u g h   l i n e   60 

to  a t m o s p h e r i c   f r a c t i o n a t o r   36  for  s e p a r a t i o n   of  the  m a j o r  



p r o d u c t s   of  the  p r o c e s s .  

In  f r a c t i o n a t o r   36  the  s l u r r y   p r o d u c t   is  d i s t i l l e d   a t  

a t m o s p h e r i c   p r e s s u r e   to  remove  an  ove rhead   naph tha   s t ream  t h r o u g h  

l i n e   62,  a  middle   d i s t i l l a t e   s t r eam  t h rough   l i n e   64  and  a  b o t t o m s  

s t r eam  th rough   l i n e   66.  The  bo t toms   s t ream  in  l i n e   66  p a s s e s   t o  

vacuum  d i s t i l l a t i o n   tower  68.  The  t e m p e r a t u r e   of  the  feed  to  t h e  

f r a c t i o n a t i o n   system  is  n o r m a l l y   m a i n t a i n e d   at  a  s u f f i c i e n t l y   h i g h  

l e v e l   t h a t   no  a d d i t i o n a l   p r e h e a t i n g   is  needed,   o t h e r   than  f o r  

s t a r t u p   o p e r a t i o n s .   A  blend  of  the  f ue l   o i l   from  the  a t m o s p h e r i c  

tower  in  l i n e   64  and  the  middle   d i s t i l l a t e   r e c o v e r e d   from  t h e  

vacuum  tower  th rough   l ine .  70   makes  up  the  major  fue l   o i l   p r o d u c t  

of  the  p r o c e s s   and  is  r e c o v e r e d   t h r o u g h   l i n e   72.  The  s t ream  i n  

l i n e   72  compr i se s   380-850°F .   (193-454°C. )   d i s t i l l a t e   fue l   o i l  

p r o d u c t   and  a  p o r t i o n   t h e r e o f   can  be  r e c y c l e d   to  feed  s l u r r y  m i x i n g  

tank  12  th rough   l i n e   73  to  r e g u l a t e   the  s o l i d s   c o n c e n t r a t i o n   in  t h e  

feed  s l u r r y   and  the  c o a l - s o l v e n t   r a t i o .   Recycle   s t r eam  73  i m p a r t s  

f l e x i b i l i t y   to  the  p r o c e s s   by  a l l o w i n g   v a r i a b i l i t y   in  the  r a t i o   o f  

s o l v e n t   to  s l u r r y   which  is  r e c y c l e d ,   so  t h a t   t h i s   r a t i o   is  n o t  

f i x e d   for  the  p r o c e s s   by  the  r a t i o   p r e v a i l i n g   in  l i n e   58.  I t  

a l so   can  improve  the  p u m p a b i l i t y   of  the  s l u r r y .  

The  bot toms  from  the  vacuum  tower ,   c o n s i s t i n g   of  a l l   t h e  

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

m a t t e r ,   w i t h o u t   any  d i s t i l l a t e   l i q u i d   or  h y d r o c a r b o n   ga se s ,   i s  

passed   th rough   l i n e   74  to  p a r t i a l   o x i d a t i o n   g a s i f i e r   zone  76.  

S i n c e  g a s i f i e r   76  is  a d a p t e d   to  r e c e i v e   and  p r o c e s s   a  h y d r o c a r b o n a -  

ceous  s l u r r y   feed  s t r eam,   t h e r e   shou ld   not  be  any  h y d r o c a r b o n   c o n -  

v e r s i o n   s tep  between  vacuum  tower  68  and  g a s i f i e r   76,  such  as  a  

coke r ,   which  w i l l   d e s t r o y   the  s l u r r y   and  n e c e s s i t a t e   r e s l u r r y i n g   i n  

wa te r .   The  amount  of  wate r   r e q u i r e d   to  s l u r r y   coke  is  g r e a t e r   t h a n  

the  amount  of  water   o r d i n a r i l y   r e q u i r e d   by  the  g a s i f i e r   so  t h a t   t h e  



e f f i c i e n c y   of  the  g a s i f i e r   w i l l   be  reduced  by  the  amount  of  h e a t  

wasted  in  v a p o r i z i n g   the  excess   w a t e r .   N i t r o g e n - f r e e   oxygen  f o r  

g a s i f i e r   76  is  p r e p a r e d   in  oxygen  p l a n t   78  and  passed  to  t h e  

g a s i f i e r   t h rough   l ine   80.  Steam  is  s u p p l i e d   to  the  g a s i f i e r  

through  l i n e   82.  The  e n t i r e   m i n e r a l   c o n t e n t   of  the  feed  c o a l  

s u p p l i e d   th rough   l i ne   10  is  e l i m i n a t e d   from  the  p r o c e s s   as  i n e r t  

s lag  th rough   l i n e   84,  which  d i s c h a r g e s   from  the  bottom  of  g a s i f i e r  

76.  S y n t h e s i s   gas  is  p roduced   in  g a s i f i e r   76  and  a  p o r t i o n   t h e r e o f  

passes   th rough   l ine   86  to  s h i f t   r e a c t o r   zone  88  for  c o n v e r s i o n   by 

the  s h i f t   r e a c t i o n   where in   steam  and  CO  is  c o n v e r t e d   to  H2  and  C02,  

fo l lowed   by  an  acid   gas  removal   zone  89  for  removal  of  H2S  and  C02.  

The  p u r i f i e d   hydrogen  o b t a i n e d   (90  to  100  p e r c e n t   pure)  is  t h e n  

compressed  to  p roce s s   p r e s s u r e   by  means  of  compressor   90  and  f e d  

th rough  l i n e   92  to  supply   make-up  hydrogen  for  p r e h e a t e r   zone  22 

and  d i s s o l v e r   26.  As  e x p l a i n e d   above,   heat   g e n e r a t e d   w i t h i n  

g a s i f i e r   zone  76  is  not  c o n s i d e r e d   to  be  a  consumpt ion   of  e n e r g y  

w i t h i n   the  p r o c e s s ,   but  mere ly   hea t   of  r e a c t i o n   r e q u i r e d   to  p r o -  

duce  a  s y n t h e s i s   gas  r e a c t i o n   p r o d u c t .  

I t   is  a  c r i t i c a l   f e a t u r e   of  t h i s   i n v e n t i o n   t h a t   t h e  

amount  of  s y n t h e s i s   gas  p roduced   in  g a s i f i e r   76  is  s u f f i c i e n t   n o t  

only  to  supply  a l l   the  m o l e c u l a r   hydrogen   r e q u i r e d   by  the  p r o c e s s  

but  a l so   to  supp ly ,   w i t h o u t   a  m e t h a n a t i o n   s t ep ,   between  5  and  100 

p e r c e n t   of  the  t o t a l   heat   and  energy   r e q u i r e m e n t   of  the  p r o c e s s .  

To  t h i s   end,  the  p o r t i o n   of  the  s y n t h e s i s   gas  t ha t   does  not  f l o w  

to  the  s h i f t   r e a c t o r   p a s s e s   t h r o u g h   l i n e   94  to  acid  gas  r e m o v a l  

un i t   96  where in   C02  +  H2S  are  removed  t h e r e f r o m .   The  removal   o f  

H2S  a l lows   the  s y n t h e s i s   gas  to  meet  the  e n v i r o n m e n t a l   s t a n d a r d s  

r e q u i r e d   of  a  fuel   whi le   the  removal   of  C02  i n c r e a s e s   the  h e a t  

c o n t e n t   of  the  s y n t h e s i s   gas  so  t h a t   f i n e r   heat   c o n t r o l   can  be  

ach ieved   when  i t   is  u t i l i z e d   as  a  f u e l .   A  s t ream  of  p u r i f i e d  



s y n t h e s i s   gas  pas ses   t h rough   l i n e   98  to  b o i l e r   100.  B o i l e r   100  i s  

p r o v i d e d   with  means  for  combus t ion   of  the  s y n t h e s i s   gas  as  a  f u e l .  

Water  f lows  t h rough   l i n e   102  to  b o i l e r   100  where in   i t   is  c o n v e r t e d  

to  steam  which  flows  t h rough   l i n e   104  to  supply   p r o c e s s   e n e r g y ,  

such  as  to  d r i v e   r e c i p r o c a t i n g   pump  18.  A  s e p a r a t e   s t r eam  o f  

s y n t h e s i s   gas  from  ac id   gas  removal   u n i t   96  is  pa s sed   t h r o u g h   l i n e  

106  to  p r e h e a t e r   22  for   use  as  a  f u e l   t h e r e i n .   The  s y n t h e s i s   g a s  

can  be  s i m i l a r l y   used  at  any  o t h e r   p o i n t   of  the  p r o c e s s   r e q u i r i n g  

f u e l .   If  the  s y n t h e s i s   gas  does  not  supp ly   a l l   of  the  fue l   r e q u i r e d  

for  the  p r o c e s s ,   the  r e m a i n d e r   of  the  f u e l   and  the  energy  r e q u i r e d  

in  the  p r o c e s s   can  be  s u p p l i e d   from  any  non-premium  fue l   s t r e a m  

p r e p a r e d   d i r e c t l y   w i t h i n   the  l i q u e f a c t i o n   zone.  If  i t   is  more  

economic ,   some  or  a l l   of   the  ene rgy   for   the  p r o c e s s ,   which  is  n o t  

d e r i v e d   from  s y n t h e s i s   gas ,   can  be  d e r i v e d   from  a  source   o u t s i d e  

of  the  p r o c e s s ,   not  shown,  such  as  from  e l e c t r i c   p o w e r .  

A d d i t i o n a l   s y n t h e s i s   gas  can  be  passed   t h r o u g h   l i n e   112 

to  s h i f t   r e a c t o r   114  to  i n c r e a s e ' t h e   r a t i o   of  hydrogen  to  c a r b o n  

monoxide  from  0.6  to  3.  This  e n r i c h e d   hydrogen   m i x t u r e   is  t h e n  

passed   t h r o u g h   l i n e   116  to  m e t h a n a t i o n   u n i t   118  for  c o n v e r s i o n   t o  

p i p e l i n e   gas,   which  is  passed   t h r o u g h   l i n e   120  for  mixing  w i t h  

the  p i p e l i n e   gas  in  l i n e   46.  The  amount  of  p i p e l i n e   gas  based  on  

h e a t i n g   va lue   p a s s i n g   t h rough   l i n e   120  w i l l   be  l e s s   than  the  amoun t  

of  s y n t h e s i s   gas  used  as  p r o c e s s   f ue l   p a s s i n g   t h rough   l i n e s   98  a n d  

106  to  i n s u r e   the  t he rma l   e f f i c i e n c y   a d v a n t a g e   of  t h i s   i n v e n t i o n .  

A  p o r t i o n   of  the  p u r i f i e d   s y n t h e s i s   gas  s t r eam  i s  

passed   t h r o u g h   l i ne   122  to  a  c r y o g e n i c   s e p a r a t i o n   u n i t   124  w h e r e i n  

hydrogen  and  carbon  monoxide  are  s e p a r a t e d   from  each  o t h e r .   An 

a d s o r p t i o n   u n i t   can  be  used  in  p l a c e   of  the  c y r o g e n i c   u n i t .   A 

h y d r o g e n - r i c h   s t ream  is  r e c o v e r e d   t h r o u g h   l i ne   126  and  can  be  

b lended   with  the  make-up  hydrogen   s t r eam  in  l i ne   92,  i n d e p e n d e n t l y  



passed  to  the  l i q u e f a c t i o n   zone  or  sold  as  a  p r o d u c t   of  t h e  

p r o c e s s .   A  carbon  m o n o x i d e - r i c h   s t ream  is  r e c o v e r e d   t h r o u g h   l i n e  

128  and  can  be  b lended   with  s y n t h e s i s   gas  employed  as  p r o c e s s   f u e l  

in  l i ne   98  or  in  l i n e   106,  or  can  be  sold  or  used  i n d e p e n d e n t l y  

as  p roce s s   fue l   or  as  a  chemica l   f e e d s t o c k .  

F igure   2  shows  t h a t   the  g a s i f i e r   s e c t i o n   of  the  p r o c e s s  

is  h igh ly   i n t e g r a t e d   i n to   the  l i q u e f a c t i o n   s e c t i o n .   The  e n t i r e  

feed  to  the  g a s i f i e r   s e c t i o n   (VTB)  is  d e r i v e d   from  the  l i q u e f a c t i o n  

s e c t i o n   and  a l l   or  most  of  the  gaseous   p roduc t   of  the  g a s i f i e r  

s e c t i o n   is  consumed  w i t h i n   the  p r o c e s s ,   e i t h e r   as  a  r e a c t a n t   or  a s  

a  f u e l .  



EXAMPLE  1 

Raw  Kentucky  b i t u m i n o u s   coa l   is  p u l v e r i z e d ,   d r i e d   and  

mixed  with  hot  r e c y c l e   s o l v e n t - c o n t a i n i n g   s l u r r y   from  the  p r o c e s s .  

The  c o a l - r e c y c l e   s l u r r y   m i x t u r e   (in  the  range  1 . 5  -   2.5  p a r t s   by 

weight   of  s l u r r y   to  one  p a r t   of  coa l )   is  pumped,  t o g e t h e r   w i t h  

hydrogen ,   t h rough   a  f i r e d   p r e h e a t e r   zone  to  a  d i s s o l v e r   zone.  The 

r a t i o   of  hydrogen  to  coal   is  about   40,000  SCF/ton  (1.24  M 3 / k g ) .  

The  t e m p e r a t u r e   of  the  r e a c t a n t s   at  the  p r e h e a t e r   o u t l e t  

is  about   700-750°F.   ( 3 7 1 - 3 9 9 ° C . ) .   At  t h i s   p o i n t ,   the  coal   i s  

p a r t i a l l y   d i s s o l v e d   in  the  r e c y c l e   s l u r r y ,   and  the  e x o t h e r m i c  

h y d r o g e n a t i o n   and  h y d r o c r a c k i n g   r e a c t i o n s   have  j u s t   begun.  The 

heat   g e n e r a t e d   by  t h e s e   r e a c t i o n s   in  the  d i s s o l v e r   zone  f u r t h e r  

r a i s e s   the  t e m p e r a t u r e   of  the  r e a c t a n t s   to  the  range  8 2 0 - 8 7 0 ° F .  

( 4 3 8 - 4 6 6 ° C . ) .   Hydrogen  quench  is  i n j e c t e d   at  v a r i o u s   p o i n t s   in  t h e  

d i s s o l v e r   to  reduce   the  impact   of  the  e x o t h e r m i c   r e a c t i o n s .  

The  e f f l u e n t   from  the  d i s s o l v e r   zone  p a s s e s   th rough   a 

p r o d u c t   s e p a r a t i o n   sys tem,   i n c l u d i n g   an  a t m o s p h e r i c   and  a  vacuum 

tower.   The  850°F.+  (454°C.+)  r e s i d u e   from  the  vacuum  tower ,   com- 

p r i s i n g   a l l   of  the  u n d i s s o l v e d   m i n e r a l   r e s i d u e   p lus   a l l   of  t h e  

normal ly   s o l i d   d i s s o l v e d   coal   f r e e   of  coal   l i q u i d s   and  h y d r o c a r b o n  

gases   goes  to  an  oxygen-b lown  g a s i f i e r .   The  s y n t h e s i s   gas  p r o -  

duced  in  the  g a s i f i e r   has  a  r a t i o   of  H2 to  CO  of  about   0.6  and  

goes  th rough   a  s h i f t   r e a c t o r   where in   steam  and  carbon  monox ide  

are  c o n v e r t e d   to  hydrogen  p lus   carbon   d i o x i d e ,   then  to  an  ac id   g a s  

removal  s tep   for  removal   of  the  carbon  d i o x i d e   and  hydrogen  s u l f i d e .  

The  hydrogen  (94  p e r c e n t   pure)  is  then  compressed   and  fed  as  make-  

up  hydrogen  to  the  p r e h e a t e r - d i s s o l v e r   z o n e s .  

In  t h i s   example ,   the  amount  of  h y d r o c a r b o n a c e o u s   m a t e r i a l  

fed  to  the  g a s i f i c a t i o n   zone  is  s u f f i c i e n t   so  t h a t   the  s y n t h e s i s  

gas  produced  can  s a t i s f y   p r o c e s s   hydrogen  r e q u i r e m e n t s ,  i n c l u d i n g  



proces s   l o s s e s ,   and  about   5  p e r c e n t   of  the  t o t a l   energy   r e q u i r e -  

ment  of  the  p r o c e s s   when  burned  d i r e c t l y   in  the  p r o c e s s .   The 

remain ing   energy  r e q u i r e m e n t   of  the  p r o c e s s   is  s a t i s f i e d   by  t h e  

combus t ion   of  l i g h t   h y d r o c a r b o n   gases   or  naphtha   p roduced   in  t h e  

l i q u e f a c t i o n   zone  and  by  p u r c h a s e d   e l e c t r i c a l   p o w e r .  

F o l l o w i n g   is  an  a n a l y s i s   of  the  feed  c o a l :  

Kentucky  B i t u m i n o u s   C o a l  

F o l l o w i n g   is  a  l i s t   of  the  p r o d u c t s   of  the  l i q u e f a c t i o n  

zone.  This  l i s t   shows  t h a t   the  l i q u e f a c t i o n   zone  p roduced   b o t h  

l i q u i d   and  gaseous   p r o d u c t ,   in  a d d i t i o n   to  850°F.+  (454°C.+)  a s h -  

c o n t a i n i n g   r e s i d u e .   The  major   p r o d u c t   of  the  p r o c e s s   is  an  a s h - f r e e  

fuel   o i l   c o n t a i n i n g   0.3  we igh t   p e r c e n t   s u l f u r   which  is  u s e f u l   i n  

power  p l a n t s   and  i n d u s t r i a l   i n s t a l l a t i o n s .  



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

for   s a l e   a f t e r   d e d u c t i n g   f ue l   r e q u i r e m e n t s   for  a  p l a n t   as  i n d i c a t e d .  

P l a n t   P r o d u c t   Y i e l d s  

The  f o l l o w i n g   da ta   show  the  i n p u t   energy ,   the  o u t p u t  

energy  and  the  thermal   e f f i c i e n c y   of  the  c o m b i n a t i o n   p r o c e s s .  



P l a n t   Thermal  E f f i c i e n c y  

This  example  shows  t h a t   when  the  c o m b i n a t i o n   l i q u e -  

f a c t i o n - g a s i f i c a t i o n   p r o c e s s   is  o p e r a t e d   so  t h a t   the  amount  o f  

h y d r o c a r b o n a c e o u s   m a t e r i a l   passed   from  the  l i q u e f a c t i o n   zone  t o  

the  g a s i f i e r   zone  is  a d e q u a t e   to  a l low  the  g a s i f i e r   to  p r o v i d e  

s u f f i c i e n t   s y n t h e s i s   gas  to  s a t i s f y   p roce s s   hydrogen  r e q u i r e m e n t s  

and  only  about   5  p e r c e n t   of  t o t a l   p r o c e s s   energy  r e q u i r e m e n t s ,   t h e  

the rmal   e f f i c i e n c y   of  the  c o m b i n a t i o n   p r o c e s s   is  71.9  p e r c e n t .  

EXAMPLE  2 

A  c o m b i n a t i o n   l i q u e f a c t i o n - g a s i f i c a t i o n   p r o c e s s   is  p e r -  

formed  s i m i l a r   to  the  p r o c e s s   of  Example  1  and  u t i l i z i n g   the  same 

Kentucky  b i t u m i n o u s   feed  coal   excep t   t h a t   the  amount  of  h y d r o -  

c a r b o n a c e o u s   m a t e r i a l   passed   from  the  l i q u e f a c t i o n   zone  to  t h e  

g a s i f i c a t i o n   zone  is  a d e q u a t e   to  enab le   the  g a s i f i c a t i o n   zone  t o  

produce   the  e n t i r e   p r o c e s s   hydrogen  r e q u i r e m e n t ,   i n c l u d i n g   p r o c e s s  

l o s s e s ,   p lus   an  amount  of  s y n t h e s i s   gas  a d e q u a t e   to  supply   a b o u t  

70  p e r c e n t   of  the  t o t a l   energy  r e q u i r e m e n t   of  the  p r o c e s s   when 

burned  d i r e c t l y   in  the  p r o c e s s .  



F o l l o w i n g   is  a  l i s t   of  the  p r o d u c t s   of  the  l i q u e f a c t i o n  

z o n e :  

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

for  s a l e   a f t e r   d e d u c t i n g   p r o c e s s   fue l   r e q u i r e m e n t s   for   a  p l a n t   a s  

i n d i c a t e d .  

P lan t   P r o d u c t   Y i e l d s  

The  f o l l o w i n g   data   show  the  inpu t   ene rgy ,   the  o u t p u t  

energy  and  the  t he rmal   e f f i c i e n c y   of  the  p r o c e s s .  



P l a n t   Thermal  E f f i c i e n c y  

The  72.4  p e r c e n t   the rmal   e f f i c i e n c y   of  t h i s   example  i s  

g r e a t e r   than  the  71.9  p e r c e n t   t he rma l   e f f i c i e n c y   of  Example  1,  b o t h  

examples   us ing   the  same  Kentucky  b i t u m i n o u s   feed  c o a l ,   the  d i f f e r -  

ence  be ing   0.5  p e r c e n t .   This  shows  t h a t   a  h i g h e r   t he rmal   e f f i c i e n c y  

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

r e q u i r e m e n t   p lus   70  p e r c e n t   r a t h e r   than  5  p e r c e n t   of  the  e n e r g y  

r e q u i r e m e n t   of  the  p r o c e s s .   It  is  n o t e w o r t h y   t h a t   in  a  c o m m e r c i a l  

p l a n t   having  the  feed  coal   c a p a c i t y   of  t h e s e   examples   a  0.5  p e r c e n t  

d i f f e r e n c e   in  thermal   e f f i c i e n c y   r e p r e s e n t s   an  annua l   s av ings   o f  

about   5  m i l l i o n   d o l l a r s .  

EXAMPLE  3 

A  c o m b i n a t i o n   l i q u e f a c t i o n - g a s i f i c a t i o n   p r o c e s s   is  p e r -  

formed  s i m i l a r   to  the  p r o c e s s   of  Example  2  and  u t i l i z i n g   the  same 

Kentucky  b i t u m i n o u s   feed  coal  excep t   t h a t   a l l   the  s y n t h e s i s   g a s  

p roduced   in  excess   of  t h a t   r e q u i r e d   to  s a t i s f y   p r o c e s s   h y d r o g e n  

r e q u i r e m e n t s   is  m e t h a n a t e d   for  s a l e .   All  p r o c e s s   fue l   is  s a t i s f i e d  

by  C I  -   C2  gas  produced  in  the  l i q u e f a c t i o n   s t e p .  



F o l l o w i n g   is  a  l i s t   of  the  p r o d u c t s   of  the  l i q u e f a c t i o n  

z o n e :  

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

for  sa le   a f t e r   d e d u c t i n g   fue l   r e q u i r e m e n t s   f o r  a   p l a n t   as  i n d i c a t e d .  

P l a n t   P r o d u c t   Y i e l d s  

The  f o l l o w i n g   da ta   show  the  i npu t   ene rgy ,   the  o u t p u t  

energy  and  the  t h e r m a l   e f f i c i e n c y   of  the  p r o c e s s .  



P l a n t   Thermal  E f f i c i e n c y  

While  Examples  1  and  2  show  t h e r m a l   e f f i c i e n c i e s   o f  

71.9  and  72.4  p e r c e n t   when  excess   s y n t h e s i s   gas  is  p r o d u c e d  

beyond  the  amount  r e q u i r e d   to  s a t i s f y   p r o c e s s   hydrogen   r e q u i r e -  

ments  when  the  exces s   s y n t h e s i s   gas  is  u t i l i z e d   d i r e c t l y   as  p l a n t  

f u e l ,   the  70.0  p e r c e n t   t he rmal   e f f i c i e n c y   of  the  p r e s e n t   e x a m p l e  

i n d i c a t e s   a  t he rma l   e f f i c i e n c y   d i s a d v a n t a g e   when  excess   s y n t h e s i s  

gas  is  p roduced  where  the  excess   s y n t h e s i s   gas  is  upgraded   v i a  

h y d r o g e n a t i o n   to  a  commerc ia l   fuel   i n s t e a d   of  being  b u r n e d  

d i r e c t l y   in  the  p l a n t .  

EXAMPLE  4 

A  c o m b i n a t i o n   l i q u e f a c t i o n - g a s i f i c a t i o n   p r o c e s s   is  p e r -  

formed  s i m i l a r   to  the  p r o c e s s   of  Example  1  excep t   t h a t   the  f e e d  

coal   is  a  West  V i r g i n i a   P i t t s b u r g h   seam  b i t u m i n o u s   c o a l .   The 

amount  of  h y d r o c a r b o n a c e o u s   m a t e r i a l   passed   from  the  l i q u e f a c t i o n  

zone  to  the  g a s i f i c a t i o n   zone  is  adequa t e   to  enab l e   the  g a s i f i c a t i o n  

zone  to  p roduce   the  e n t i r e   p r o c e s s   hydrogen  r e q u i r e m e n t ,   i n c l u d i n g  

p r o c e s s   l o s s e s ,   p lus   an  amount  of  s y n t h e s i s   gas  a d e q u a t e   to  s u p p l y  

about   5  p e r c e n t   of  the  t o t a l   energy  r e q u i r e m e n t   of  the  p r o c e s s  

when  burned  d i r e c t l y   in  the  p r o c e s s .  



F o l l o w i n g   is  an  a n a l y s i s   of  the  feed  c o a l :  

West  V i r g i n i a  
P i t t s b u r g h   Seam  C o a l  

Fo l lowing   is  a  l i s t   of  the  p r o d u c t s   cf  the  l i q u e f t c t i o n  

z o n e :  

The  f o l l o w i n g   y i e l d s   r e p r e s e n t   the  p r o d u c t s   r ema in ing   f o r  

s a l e   a f t e r   d e d u c t i n g   fue l   r e q u i r e m e n t s   for  a  p l a n t   as  i n d i c a t e d .  



Plan t   P roduc t   Y i e l d s  

The  f o l l o w i n g   data   show  the  i npu t   ene rgy ,   the  o u t p u t  

energy  and  the  thermal   e f f i c i e n c y   of  the  c o m b i n a t i o n   p r o c e s s .  

P lan t   Thermal  E f f i c i e n c y  

EXAMPLE  5 

Another   combina t i on   l i q u e f a c t i o n - g a s i f i c a t i o n   p r o c e s s   i s  

pe r fo rmed   s i m i l a r   to  t ha t   of  Example  4  us ing  the  same  West 

V i r g i n i a   P i t t s b u r g h   seam  coal  excep t   t ha t   the  amoun t  o f   h y d r o -  

c a r b o n a c e o u s   m a t e r i a l   passed   from  the  l i q u e f a c t i o n   zone  to  t h e  

g a s i f i c a t i o n   zone  is  adequa te   to  enab le   the  g a s i f i c a t i o n   zone  t o  

p roduce   the  e n t i r e   p roce s s   hydrogen  r e q u i r e m e n t   p lus   an  amount  o f  

s y n t h e s i s   gas  adequa te   to  supply   about  37  p e r c e n t   of  the  e n e r g y  

r e q u i r e m e n t   of  the  p roce s s   when  burned  d i r e c t l y   in  the  p r o c e s s .  

Fo l lowing   is  a  l i s t   of  the  p r o d u c t s   of  the  l i q u e f a c t i o n  

z o n e .  



The  f o l l o w i n g   y i e l d s   r e p r e s e n t   the  p r o d a o t e   r e m a i n i n g  

for  s a l e   a f t e r   d e d u c t i n g   f ue l   r e q u i r e m e n t s   for   a  p l e n t   as  i n d i c a t e d .  

P l a n t   P r o d u c t   Y i e l d s  

The  f o l l o w i n g   d a t a   show  the  i n p u t   e n e r g y ,   the   o u t p u t  

energy  and  the  t h e r m a l   e f f i c i e n c y   of  the  c o m b i n a t i o n   p r a c e s s .  



P l a n t   Thermal  E f f i c i e n c y  

The  the rmal   e f f i c i e n c y   of  t h i s   example  is  h igher   than  t h e  

t h e r m a l   e f f i c i e n c y   of  Example  4,  both  examples   us ing   the  same 

P i t t s b u r g h   seam  coa l ,   the  d i f f e r e n c e   be ing   1.3  p e r c e n t .   The  h i g h e r  

t he rma l   e f f i c i e n c y   o f  t h i s   example  shows  the  a d v a n t a g e   of  s u p p l y i n g  

the  g a s i f i e r   with  s u f f i c i e n t   850°F.+  (454°C.+)  d i s s o l v e d   coal  t o  

a l low  the  g a s i f i e r   to  supply   the  e n t i r e   p r o c e s s   hydrogen  r e q u i r e -  

ment  p lus   37  r a t h e r   than  5  p e r c e n t   of  the  energy  r e q u i r e m e n t   of  t h e  

p r o c e s s   by  d i r e c t   combus t ion   of  s y n t h e s i s   g a s .  



1.  A  c o m b i n a t i o n   p l a n t   i n c l u d i n g   h y d r o g e n a t i v e   c o a l  

l i q u e f a c t i o n   p l a n t   means  adap t ed   for   c o n v e r t i n g   feed  coal   i n  

the  p r e s e n c e   of  hydrogen   and  r e c y c l e   d i s s o l v e d   coa l   and  m i n e r a l  

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

g a s e s ,   d i s s o l v e d   l i q u i d   and  n o r m a l l y   s o l i d   d i s s o l v e d   c o a l  

t o g e t h e r   wi th   m i n e r a l   r e s i d u e ;   sa id   l i q u e f a c t i o n   p l a n t   means  

i n c l u d i n g   p r o d u c t   v a p o r - l i q u i d   s e p a r a t o r   means  for   s e p a r a t i n g  

h y d r o c a r b o n   gases   in  sa id   l i q u e f a c t i o n   p l a n t   p r o d u c t s   from  a  

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

d i s s o l v e d   coa l   t o g e t h e r   with  m i n e r a l   r e s i d u e ;   r e c y c l e   c o n d u i t  

means  e x t e n d i n g   from  the  downst ream  to  the  u p s t r e a m  r e g i o n   o f  

s a id   l i q u e f a c t i o n   p l a n t   means  for   r e c y c l i n g   to  sa id   l i q u e f a c t i o n  

p l a n t   means  a  p o r t i o n   of  sa id   p r o d u c t   s l u r r y ;   vacuum  d i s t i l l a t i o n  

means;  d i s t i l l a t i o n   c o n d u i t   means  e x t e n d i n g   from  s a id   l i q u e -  

f a c t i o n   p l a n t   means  to  sa id   vacuum  d i s t i l l a t i o n   means  for   t r a n s -  

p o r t i n g   the  n o n - r e c y c l e d   p o r t i o n   of  s a id   p r o d u c t   s l u r r y   to  s a i d  

vacuum  d i s t i l l a t i o n   means;  s a id   vacuum  d i s t i l l a t i o n   means  a d a p t e d  

for   vacuum  d i s t i l l i n g   the  n o n - r e c y c l e d   p o r t i o n   of  s a id   p r o d u c t  

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

c o a l  f r o m   sa id   p r o d u c t   s l u r r y   to  form  a  h y d r o c a r b o n a c e o u s   vacuum 

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

y i e l d  o f  n o r m a l l y   s o l i d   d i s s o l v e d   coal   from  s a i d   l i q u e f a c t i o n  

p l a n t   means;  o x i d a t i v e   g a s i f i c a t i o n   p l a n t   means;   vacuum  s l u r r y  

c o n d u i t   means  e x t e n d i n g   between  sa id   vacuum  d i s t i l l a t i o n   means  

and  sa id   o x i d a t i v e   g a s i f i c a t i o n   p l a n t   means  for   t r a n s p o r t i n g  

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

to  s a i d   g a s i f i c a t i o n   p l a n t   means;  sa id   vacuum  s l u r r y   c o n d u i t  

means  c o m p r i s i n g   s u b s t a n t i a l l y   the  only  means  for   t r a n s p o r t i n g  

c a r b o n a c e o u s   feed  to  sa id   o x i d a t i v e   g a s i f i c a t i o n   p l a n t   m e a n s ;  



sa id   g a s i f i c a t i o n   p l a n t   means  o x i d a t i v e l y   g a s i f y i n g   the  h y d r o -  

c a r b o n a c e o u s   m a t e r i a l   in  sa id   vacuum  s l u r r y   to  produce   s y n t h e s i s  

gas  t h e r e f r o m ;   said  g a s i f i c a t i o n   p l a n t   means  i n c l u d i n g   s h i f t  

r e a c t o r   means  for  c o n v e r t i n g   a  f i r s t   p o r t i o n   of  said  s y n t h e s i s  

gas  to  a  h y d r o g e n - r i c h   s t r eam;   s h i f t   r e a c t o r   c o n d u i t   means;  s a i d  

s h i f t   r e a c t o r   c o n d u i t   means  e x t e n d i n g   from  said  s h i f t   r e a c t o r  

means  to  said  l i q u e f a c t i o n   p l a n t   means  for  t r a n s p o r t i n g   s a i d  

h y d r o g e n - r i c h   s t ream  from  sa id   s h i f t   r e a c t o r   means  to  sa id   c o a l  

l i q u e f a c t i o n   p l a n t   means;  at  l e a s t   one  s y n t h e s i s   gas  c o m b u s t i o n  

zone  means  i n c l u d i n g   s y n t h e s i s   cas  b u r n e r  m e a n s   in  said  c o m b i n -  

a t i o n   p l a n t ;   sa id   s y n t h e s i s   gas  c o n d u i t   means  e x t e n d i n g   from  s a i d  

o x i d a t i v e   g a s i f i c a t i o n   p l a n t  m e a n s   to  sa id   c o m b i n a t i o n   zone  means  

for  passage   of  a  second  p o r t i o n   of  said  s y n t h e s i s   gas  to  s a i d  

s y n t h e s i s   gas  combus t i on   zone  means  for  bu rn ing   said  s e c o n d  

p o r t i o n   of  s y n t h e s i s   gas  as  fue l   to  supply   energy  for  s a i d  

c o m b i n a t i o n   p l a n t .  

2.  The  c o m b i n a t i o n   p l a n t   of  c la im  1  i n c l u d i n g   s l a g  

removal  means  for  removing  s lag  from  sa id   g a s i f i c a t i o n   p l a n t  

means,  said  s lag  c o m p r i s i n g   m i n e r a l   m a t t e r ,   and  sa id   s l a g  

removal  means  c o n s t i t u t i n g   the  only  means  for  removal  of  m i n e r a l  

m a t t e r   from  said  c o m b i n a t i o n   p l a n t .  

3.  The  c o m b i n a t i o n   p l a n t   of  c la im  1  i n c l u d i n g   a t m o s -  

p h e r i c   d i s t i l l a t i o n   means  in  advance  of  sa id   vacuum  d i s t i l l a t i o n  

means  for  s e p a r a t i n g   a  p o r t i o n   of  the  d i s s o l v e d   l i q u i d   coal   f r o m  

the  n o n - r e c y c l e d   p o r t i o n   of  sa id   p r o d u c t   s l u r r y .  

4.  The  c o m b i n a t i o n   p l a n t   of  c la im  1  where in   sa id   c o a l  

l i q u e f a c t i o n   p l a n t   means  c o m p r i s e s   p r e h e a t i n g   means  for  p r e -  

h e a t i n g   feed  coa l ,   hydrogen  and  r e c y c l e   d i s s o l v e d   coal   and 

mine ra l   r e s i d u e ;   and  d i s s o l v e r   means  for  r e a c t i n g   said  feed  c o a l  

with  hydrogen  and  r e c y c l e   d i s s o l v e d   c o a l .  



5.  The  c o m b i n a t i o n   p l a n t   of  c l a im  1  i n c l u d i n g   e n e r g y  

supp ly   means  for  s u p p l y i n g   energy   to  s a i d   l i q u e f a c t i o n   p l a n t  

means  from  a  source   o u t s i d e   of  s a id   c o m b i n a t i o n   p l a n t .  

6.  The  c o m b i n a t i o n   p l a n t   of  c l a im  1  where in   s a i d  

s h i f t   r e a c t o r   c o n d u i t   means  and  s a i d   s y n t h e s i s   gas  c o n d u i t  

means  t r a n s p o r t   the  e n t i r e   ga seous   p r o d u c t   d e r i v e d   from  s a i d  

g a s i f i c a t i o n   p l a n t   means  to  d e s t i n a t i o n s   w i t h i n   sa id   c o m b i n a t i o n  

p l a n t .  

7.  The  c o m b i n a t i o n   p l a n t   of  c l a im  1  i n c l u d i n g   a c i d  

gas  removal  means  for   removing  carbon   d i o x i d e   and  h y d r o g e n  

s u l f i d e   from  sa id   h y d r o g e n - r i c h   s t r e a m .  

8.  The  c o m b i n a t i o n   p l a n t   of  c l a im  1  i n c l u d i n g   a c i d  

gas  removal   means  for  removing  c a rbon   d i o x i d e   and  h y d r o g e n  

s u l f i d e   from  said  second  p o r t i o n   of  s y n t h e s i s   g a s .  

9.  The  c o m b i n a t i o n   p l a n t   of  c l a im  1  i n c l u d i n g   m e t h a n a -  

t i o n   c o n d u i t   and  p l a n t   means  for   removing   and  m e t h a n a t i n g   a  t h i r d  

p o r t i o n   of  s y n t h e s i s   gas  from  s a i d   g a s i f i c a t i o n   p l a n t   m e a n s .  

10.  The  c o m b i n a t i o n   p l a n t   of  c l a im  1  i n c l u d i n g   CO-H2 

s e p a r a t i o n   p l a n t   means  for  s e p a r a t i n g   the  CO  and  H2 in  a  t h i r d  

p o r t i o n   of  sa id   s y n t h e s i s   gas  to  form  a  second  h y d r o g e n - r i c h  

s t r eam  and  a  ca rbon   m o n o x i d e - r i c h   s t r e a m ;   and  carbon  m o n o x i d e  

c o n d u i t   means  for  t r a n s p o r t i n g   sa id   ca rbon   m o n o x i d e - r i c h   s t r e a m  

to  at  l e a s t   one  combus t ion   zone  in  s a id   c o m b i n a t i o n   p l a n t .  

11.  A  c o m b i n a t i o n   p l a n t   i n c l u d i n g   h y d r o g e n a t i v e   c o a l  

l i q u e f a c t i o n   p l a n t   means  adap t ed   for   c o n v e r t i n g   feed  coal   in  t h e  

p r e s e n c e   of  hydrogen  and  r e c y c l e   d i s s o l v e d   coal   and  m i n e r a l  

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

gase s ,   d i s s o l v e d   l i q u i d   and  n o r m a l l y   s o l i d   d i s s o l v e d   c o a l  

t o g e t h e r   with  m i n e r a l   r e s i d u e ;   sa id   l i q u e f a c t i o n   p l a n t   means  

i n c l u d i n g   p r o d u c t   v a p o r - l i q u i d   s e p a r a t o r   means  for  s e p a r a t i n g  



h y d r o c a r b o n   gases   in  sa id   l i q u e f a c t i o n   p l a n t   p r o d u c t s   from  a 

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

d i s s o l v e d   coal   t o g e t h e r   with  m i n e r a l   r e s i d u e ;   r e c y c l e   c o n d u i t  

means  e x t e n d i n g   from  the  downs t ream  r eg ion   to  the  u p s t r e a m  

r eg ion   of  s a id   l i q u e f a c t i o n   p l a n t  m e a n s   for  r e c y c l i n g   to  s a i d  

l i q u e f a c t i o n   p l a n t   means  a  p o r t i o n   of  said  p r o d u c t   s l u r r y ;   vacuum 

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

said  l i q u e f a c t i o n   p l a n t   means  to  sa id   v a c u u m  d i s t i l l a t i o n   means  

for  t r a n s p o r t i n g   the  n o n - r e c y c l e d   p o r t i o n   of  sa id   p r o d u c t   s l u r r y  

to  sa id   vacuum  d i s t i l l a t i o n   means;  sa id   vacuum  d i s t i l l a t i o n   means  

adap t ed   for  vacuum  d i s t i l l i n g   the  n o n - r e c y c l e d   p o r t i o n   of  s a i d  

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

l i q u i d   coal   from  sa id   p r o d u c t   s l u r r y   to  form  a  vacuum  h y d r o c a r b o -  

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

e n t i r e   y i e l d   of  n o r m a l l y   s o l i d   d i s s o l v e d   coal   from  sa id   l i q u e -  

f a c t i o n   p l a n t   means;  o x i d a t i v e   g a s i f i c a t i o n   p l a n t   means;  vacuum 

s l u r r y   c o n d u i t   means  e x t e n d i n g   between  said  vacuum  d i s t i l l a t i o n  

means  and  sa id   o x i d a t i v e   g a s i f i c a t i o n   p l a n t   means  for  t r a n s p o r t i n g  

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

to  sa id   g a s i f i c a t i o n   p l a n t   means;  sa id   vacuum  s l u r r y   c o n d u i t  

means  c o m p r i s i n g   s u b s t a n t i a l l y   the  only  means  for  t r a n s p o r t i n g  

c a r b o n a c e o u s   feed  to  said  g a s i f i c a t i o n   p l a n t   means;  sa id   g a s i f i -  

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

m a t e r i a l   in  s a id   vacuum  s l u r r y   to  p roduce   s y n t h e s i s   gas  t h e r e f r o m ;  

CO-H2  s e p a r a t i o n   means;  s y n t h e s i s   gas  c o n d u i t   means  e x t e n d i n g  

from  said  o x i d a t i v e   g a s i f i c a t i o n   p l a n t   means  to  said  CO-H2 

s e p a r a t i o n   means  for  t r a n s p o r t i n g   at  l e a s t   a  p o r t i o n   of  s a i d  

s y n t h c s i s   gas  to  sa id   CO-H2  s e p a r a t i o n   means;  sa id   CO-H  s e p a -  

r a t i o n   means  s e p a r a t i n g   the  CO  and  H2  in  sa id   t r a n s p o r t e d  

s y n t h e s i s   gas  to  p roduce   a  h y d r o g e n - r i c h   s t ream  and  a  c a r b o n  



m o n o x i d e - r i c h   s t r eam;   hydrogen  c o n d u i t   means  e x t e n d i n g   from  s a i d  

CO-H2  s e p a r a t i o n   means  to  s a id   l i q u e f a c t i o n   p l a n t   means  f o r  

t r a n s p o r t i n g   sa id   h y d r o g e n - r i c h   s t r eam  to  sa id   coal   l i q u e f a c t i o n  

p l a n t   means;  at  l e a s t   one  ca rbon   monoxide  c o m b u s t i o n   zone  means  

i n c l u d i n g   ca rbon   monoxide  b u r n e r   means  in  sa id   c o m b i n a t i o n   p l a n t ;  

and  ca rbon   monoxide  c o n d u i t   means  e x t e n d i n g   from  sa id   CO-H- 

s e p a r a t i o n   means  to  sa id   c o m b u s t i o n   zone  means  for   t r a n s p o r t i n g  

sa id   carbon   m o n o x i d e - r i c h   s t ream  to  sa id   ca rbon   monoxide  com- 

b u s t i o n   means  for  bu rn ing   sa id   ca rbon   monoxide  as  fue l   to  s u p p l y  

energy  for   sa id   c o m b i n a t i o n   p l a n t .  

12.  The  c o m b i n a t i o n   p l a n t   of  c la im  11  where in   s a i d  

CO-H2  s e p a r a t i o n   means  is  a  c r y o g e n i c   m e a n s .  

13.  The  c o m b i n a t i o n   p l a n t   of  c l a im   11  where in   s a i d  

CO-H2  s e p a r a t i o n   means  is  an  a d s o r p t i o n   m e a n s .  

14.  The  c o m b i n a t i o n   p l a n t   of  c la im  11  i n c l u d i n g   s h i f t  

r e a c t o r   p l a n t   means  for  c o n v e r s i o n   of  a  second  p o r t i o n   of  s a i d  

s y n t h e s i s   gas  to  a  second  h y d r o g e n - r i c h   s t r e a m ;   and  s e c o n d  

hydrogen  c o n d u i t   means  for   t r a n s p o r t i n g   sa id   second  h y d r o g e n -  

r i c h   s t r eam  to  sa id   coal   l i q u e f a c t i o n   p l a n t   m e a n s .  

15.  The  c o m b i n a t i o n   p l a n t   of  c l a im  11  i n c l u d i n g   s e c o n d  

s y n t h e s i s   gas  c o n d u i t   means  for   p a s s a g e   of  a  s e p a r a t e   p o r t i o n   o f  

sa id   s y n t h e s i s   gas  as  fue l   to  a t   l e a s t   one  c o m b u s t i o n   zone  i n  

sa id   c o m b i n a t i o n   p l a n t .  

16.  The  c o m b i n a t i o n   p l a n t   of  c l a im  11  i n c l u d i n g   a t m o s -  

p h e r i c   d i s t i l l a t i o n   means  in  advance   of  s a id   vacuum  d i s t i l l a t i o n  

means  for   s e p a r a t i n g   a  p o r t i o n   of  the  d i s s o l v e d   l i q u i d   coal   f rom 

the  n o n - r e c y c l e d   p o r t i o n   of  s a id   p r o d u c t   s l u r r y .  
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