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8.0 .  . . . .  S u m m a r y  of Comm.erc.i,a,1 P l an t  D e s i g n  
0 

The d e s i g n  of a HYGAS d e m o n s t r a t i o n  p lan t  is d i s c u s s e d  in P a r t  VIII: the 
d e s i g n  is b a s e d  on t e c h n o l o g y  exiSt ing  in D e c e m b e r  1969. The d e s i g n  s tudy 
was  u n d e r t a k e n  by P r o c o n  I n c o r p o r a t e d  and IGT for  t h e  D e p a r t m e n t  of t he  
I n t e r i o r ,  Off ice  of Coal  R e s e a r c h ,  and the A m e r i c a n  Gas A s s o c i a t i o n .  The 
d e s i g n  tha t  e v o l v e d  could  be the  b a s i s  for  one t r a i n  of t h e  f u l l - s c a l e  c o m m e r -  
cial '  f a c i l i t y  tha t  is i l l u s t r a t e d  in F i g u r e  8-1.  

3)he 1969 p l an t  d e s i g n  i n c o r p o r a t e d  the  e l e c t r o t h e r m a l  p r o c e s s  fo r  m a n u -  
f a c t u r e  of h y d r o g e n - r i c h  gas  b e c a u s e  tha t  p r o c e s s  was  m o s t  a d v a n c e d  at  
t ha t  t i m e .  E x t e n s i v e  r e s e a r c h  and d e v e l o p m e n t  b y I G T  for  OCR and o t h e r s  
has  s i n c e  p r o v e d  t h a t  two a l t e r n a t i v e  s y s t e m s  fo r  p r o d u c i n g  h y d r o g e n - r i c h  
gas  -- n a m e l y  the  s t e a m - o x y g e n  and  s t e a m - i r o n  p r o c e s s e s  - - m a y b e  e v e n  m o r e  
p r o m i s i n g  b a s e d  on c u r r e n t  e c o n o m i c s .  F a c i l i t i e s  fo r  e x t e n s i v e  t e s t i n g  of 
t h e s e  p r o c e s s e s  at the  HYGAS pi lo t  p l an t  a r e  b e i n g  r e a d i e d  as  th is  r e p o r t  
i s  w r i t t e n .  

B e c a u s e  the d e s i g n  d i s c u s s e d  was  an e a r l y  d e s i g n  and p r o g r e s s  in the  
h y d r o g a s i f i c a t i o n  of coa l  to h i g h - B t u  gas fo r  p i p e l i n e  use  h a s  b e e n  s u b s t a n -  
t i a l  s ince  1969, a c r i t i q u e  of the  d e s i g n  a l so  is  p r e s e n t e d  t o g e t h e r  wi th  
s u g g e s t e d  a r e a s  of i m p r o v e m e n t . " '  P r o g r e s s  ha s  b e e n  a c h i e v e d  in m o s t  of 
the  i m p r o v e m e n t  a r e a s  d i s c u s s e d  s ince  th i s  w o r k  was  p e r f o r m e d .  The  p u r -  
p o s e  of the  e a r l y  d e m o n s t r a t i o n  p lan t  d e s i g n  in 1969 was  1) to p r o v i d e  a gu ide  
fo r  f u t u r e  d e s i g n s ,  both  in the  a r r a n g e m e n t  and s e q u e n c e  of p r o c e s s i n g  s t eps .  
2) to p i n p o i n t  p r o b l e m  a r e a s  w h e r e  p i l o t - s c a l e  s t udy  shou ld  be c o n c e n t r a t e d .  
and  3) to .p inpoint  p r o b l e m  a r e a s  w h e r e  a p a u c i t y  of e x i s t i n g  da ta  m i g h t  i nd i -  
ca te  a d d i t i o n a l  ba s i c  r e s e a r c h  would  be r e q u i r e d ;  a l l  of t h e s e  goa l s  have  
b e e n  a c c o m p l i s h e d .  

The  p r i m a r y  i m p a c t  of t h i s  de s ign ,  h o w e v e r ,  has  b e e n  to show tha t  i t  is 
f e a s i b l e  to d e s i g n  l a r g e - s c a l e  p lan t s  for  the  h y d r o g a s i f i c a t i o n  of coal  to p' ipe- 
l i n e - q u a l i t y  gas  (S'iiIG), w i th  new  A m e r i c a n  a p p r o a c h e s  to g a s i f i c a t i o n ,  c o u p l e d  
wi th  e x i s t i n g  t e c h n o l o g y ,  As any of the  d e s i r a b l e  i m p r o v e m e n t s  d i s c u s s e d  
h e r e i n  b e c o m e  a v a i l a b l e ,  both the e c o n o m i c s  and d e s i g n  of coa l  g a s i f i c a t i o n  
p l an t s  wi l l  bene f i t .  T h i s  d e s i g n  p r o j e c t  i n d i c a t e s ,  h o w e v e r ,  tha t  c o m m e r c i a l  
c o n v e r s i o n  of coa l  to S NG is  f e a s i b l e  today  wi th  i m p r o v e d A m e r i c a n  t e c h -  
no logy ,  w i thou t  a w a i t i n g  a d v a n c e s  to o p t i m u m  d e s i g n s .  

8. 1 Introduction 

IGT, in c o n j u n c t i o n  wi th  P r o c o n  I n c o r p o r a t e d ,  u n d e r t o o k  the  p r e l i m i n a r y  
d e s i g n  of a d e m o n s t r a t i o n - s i z e  HYGAS coa l  h y d r o g a s i f i c a t i o n  p l an t  u n d e r  the  
s p o n s o r s h i p  of OCR and A. G.A.  in D e c e m b e r  1969. The d e s i g n  is d e s c r i b e d  
h e r e  and -- b e c a u s e  it is the  in i t i a l  d e s i g n - -  i t  i s  a l so  c r i t i c a l l y  a n a l y z e d  to 
i den t i fy  p o s s i b l e  d e s i g n  i m p r o v e m e n t s ,  

T h e  S e c t i o n  8. 7 - - S u g g e s t e d  A r e a s  fo r  D e s i g n  I m p r o v e m e n t -  d i s c u s s e d  
in th i s  r e p o r t  i s  b a s e d  on " A n a l y s i s  of a HYGAS Coal  G a s i f i c a t i o n  P l a n t  

Des ign ,  " p r e s e n t e d  by F .  C. S c h o r a  and  C. W .  M a t t h e w s  in N o v e m b e r  
1972 b e f o r e  the  65th A n n u a l  M e e t i n g  of the  A . I .  C h i E .  at  New Y o r k  Ci ty .  
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The t h r e e  v e r s i o n s  of the HYGAS P r o c e s s u n d e r  d e v e l o p m e n t  d i f f e r  in the 
~ , i ,  - 

m e t h o d s  u s e d  to g e n e r a t e  h y d r o g e n ,  w h i c h  is c o n s u m e d  in t h e  h y d r o g a s i f i c a -  
t ion  sec t ion .  The t h r e e  h y d r o g e n - r i c h  gas  p r o d u c i n g  s y s t e m s  u n d e r  a c t i v e  
i n v e s t i g a t i o n  at the H Y G A S p i l o t  p l an t  s i t e  a r e  e l e c t r o t h e r m a l ,  s t e a m - o x y g e n ,  
and s t e a m - i r o n  p r o c e s s e s .  At the  t i m e  the p r e l i m i n a r y  d e s i g n  of a d e m o n -  
s t r a t i o n - s i z e  p l an t  w a s  u n d e r t a k e n ,  the e l e c t r o t h e r m a l  p r o c e s s  for  the p r o -  
d u c t i o n  of h y d r o g e n - r i c h  gas  w a s  m o s t  a d v a n c e d  at  IGT: t h e r e f o r e ,  the e l e c t r o -  
t h e r m a l  h y d r o g e n - r i c h  gas  p r o c e s s  Vzas u s e d  i n t h i s  d e s i g n  s tudy.  All  t h r e e  
h y d r o g e n - r i c h  gas  p r o d u c i n g  p r o c e s s e s  a r e  d i s c u s s e d  in de t a i l  in P a r t  IV of 

th i s  HYGAS f ina l  r e p o r t .  ~ The  s t e a m - o x y g e n  g a s i f i e =  h a s  b e e n  i n s t a l l e d  (1974) 
in the b a s e  of the h y d r o g a s i f i c a t i o n  s e c t i o n  of the p i lo t  p l an t ;  s t e a m - o x y g e n  w a s  
s t u d i e d  e a r l i e r  in a 6 - i n c h - d i a m e t e r  t e s t  uni t .  The  c o n s t r u c t i o n  of a s t e a m -  
i r o n  p r o c e s s  d e v e l o p m e n t  uni t  w a s  b e g u n  d u r i n g  1974 a t  the HYGAS p i lo t  p l a n t  
u n d e r  a s e p a r a t e  OCR c o n t r a c t .  The e l e c t r o t h e r m a l  p r o c e s s  h a s  b e e n  b a t c h -  
tested in a 2-MW unit at the HYGAS pilot plant. 

Although the hydrogen-rich gas production systems were at various stages 
of development when the preliminary demonstration plant design was under- 
taken, several benefits were attributed to l de signing the plant at that time. 
Benefits include providing a guide to future designs in both the arrangement 
and sequence of the proces.sing steps, and shortening the engineering time in 
the final detailed design. Commercially available processes and practices 
have been selected, where practicable, so that unexpected problems and costs 
associated with these processes can be spotlighted. Another advantage is that 
an early design study identifies areas where information should be obtained 
during pilot plant operation. 

8. 2 Basic Criteria for Coal Gasification 

The p r o d u c t  gas  f r o m  coa l  g a s i f i c a t i o n  p l a n t s  m u s t  be i n t e r c h a n g e a b l e  
wi th  n a t u r a l  gas ,  w h i c h  is t r a n s p o r t e d  in l o n g - d i s t a n c e  p i p e l i n e s .  The 
g r o s s  h e a t i n g  v a l u e  of the  gas  m u s t  be g r e a t e r  t h a n  900 B t u / S C F .  C a r b o n  
m o n o x i d e  c o n t e n t  of the g a s  should  be l e s s  t han  0. 19, and its w a t e r ' c o n t e n t  
shou ld  be l e s s  t han  7 l b / m i l l i o n  SCF.  A wide  r a n g e  of gas  c o m p o s i t i o n s  
p r o d u c e d  f r o m  l i q u i d  and  so l id  f u e l s  h a v e  b e e n  s h o w n  to be i n t e r c h a n g e a b l e  
wi th  n a t u r a l  gas .  

A high thermal efficiency ,n coal gasification is needed to minimize the 
cost of synthetic gas. Even so, the cost would be high if compared with 
the artificially low wellhead price of natural gas during recent years. In 
the HYGAS Process a high thermal efficiency is attained by the selection 
of pressure, temperature, residence time, and gas composition in three 
reaction stages. About two-thirds of the total methane is produced within 
the hydrogasifler. The HYGAS reactor press.ure ranges from I000 to 
1500 psi, temperature in the three reaction zones increases from about 
1200 ° to 1900°F, and the solids residence time in the reaction zones varies 
from I0 seconds to 85 minutes. The heat evolved by formation of methane 
within the gasifier is used for additional gasification by reaction of steam 
with carbon. 

.... ~,,,,, 

This report covers HYGAS work performed under OCR Contract No. 
14-01-0001-381 and the amended contract, 14-01-0001-381(i) and 
14-01-0001-381(Z),' between July Z9, 1964, and September I, 197Z. 

8-3 



F o r  coa l  g a s i f i c a t i o n  p l a n t s  to be e n v i r o n m e n t a l l y  a c c e p t a b l e ,  the  p l an t  
d e s i g n  m u s t  m i n i m i z e  w a t e r  u s a g e  and l i m i t  po ten t i a l  p o l l u t a n t  e m i s s i o n s  
such  as  ash ,  sulfur,  a m m o n i a ,  c y a n i d e s ,  p h e n o l i c s ,  oi ls ,  and w a s t e  hea t .  

V i r t u a l l y  al l  s t r e a m s  data  and p r o c e s s  f low d i a g r a m s  p u b l i s h e d  in th is  
HYGAS r e p o r t  a r e  f r o m  R e p o r t  for  P h a s e  II P r e l i m i n a r y _ D e s i g n  R_eport and 
Budge t  I n v e s t m e n t  E s t i m a t e :  P r e l i m i n a r y  En.$ineeri 'n~ Stud~r HYGAS " 
D e m o n s t r a t i o n  P l a n t  ( v o l u m e  1),' s u b m i t t e d  to IGT by P r o c o n  on A p r i l  3, 
"I97Z. In o r d e r  to c o m p l e t e l y  s a t i s f y  the  c o n t r a c t u a l  r e p o r t i n g  r e q u i r e m e n t  
of the  O C R - I G T  c o n t r a c t s  i n v o l v e d  in th i s  HYGAS w o r k  (OCR C o n t r a c t s  
1 4 - 0 1 - 0 0 0 1 - 3 8 1 ,  1 4 - 0 1 - 0 0 0 1 - 3 8 1 ( 1 ) ,  and  1 4 - 0 1 - 0 0 0 1 - 3 8 1 ( Z ) ) ,  the  
b a l a n c e  of c o n t e n t  of v o l u m e  1 of the  P r o c o n  r e p o r t  is  p u b l i s h e d  h e r e  as 
A p p e n d i x  8 -A .  F o r  t_he s a m e  r e a s o n ,  the c o m p l e t e  con t en t  of v o l u m e  Z 
of the  P r o c o n  repor t , ,  c o v e r i n g  p r e l i m i n a r y  e q u i p m e n t  data  and pip ing and 
i n s t r u m e n t  d i a g r a m s ,  is  i n c l u d e d  h e r e  as  Append ix  8 - B .  

8 . 3  D e m o n s t r a t i o n  P l an t  DesiGn , C o n s t r a i n t s  

The  d e m o n s t r a t i o n  p lan t  s i ze  of 80 m i l l i o n  S C F / d a y  c a p a c i t y  was  s e l e c t e d  
as  the  l a r g e s t  c o m m e r c i a l l y  f e a s i b l e  s i n g l e - t r a i n  plant .  P r o v i s i o n s  w e r e  
m a d e  fo r  e x p a n s i o n  to 250 m i l l i o n  SCF/ .day capac i ty .  An E a s t e r n  b i t u m i n o u s  
coa l  was  c h o s e n  fo r  f e e d  b e c a u s e  i ts  cak ing  p r o p e r t i e s  would  r e q u i r e  p r e -  
t r e a t m e n t  f a c i l i t i e s  w i th in  the  p lant .  The u l t i m a t e  a n a l y s i s  (d ry  b a s i s )  of the 
f r e s h  coa l  f e e d  and p r e t r e a t e d  cha r  was :  

P r e t r e a t e d  
F e e d  Char  

C a r b o n  71 .50  71 .34  

H y d r o g e n  5 .02  4 .02  

Sulfur  4 .42  3 .8  3 

N i t r o g e n  1. Z3 1 .00  

Oxygen  6. 53 7. 51 

Ash  11 .30  "-- 1Z.30 

To ta l s  I00.  O0 I00. O0 

Hea t i n g  va lue :  13,186 B t u / l b  of d ry  coa l  (HHV) 
12,670 B t u / l b  of d ry  coa l  (LHV) 

Al though  a s - m i n e d  coa l  was  a s s u m e d  to be the  feed,  an e s p e c i a l l y  d i r t y  
coa l  wou ld  r e q u i r e  c l e a n i n g .  No s i te  was  i den t i f i ed  fo r  the  g a s i f i c a t i o n  plant ,  
wh ich  was  a s s u m e d  to be l o c a t e d  n e a r  the  m i n e  mouth .  About  lZ0 m i l l i o n  
tons  of  r e c o v e r a b l e  coal  r e s e r v e s  a r e  n e e d e d  to supply f e e d  for  a 250 m i l l i o n  
S C F / d a y  p l a n t  fo r  a 2 0 - y e a r  p e r i o d .  The HYGAS P r o c e s s  wi th  an e l e c t r o -  
t h e r m a l  g a s i f i e r  w a s  c h o s e n  as  the  g a s i f i c a t i o n  p r o c e s s .  C o n v e n t i o n a l  o n - s i t e  
e l e c t r i c a l  p o w e r  g e n e r a t i o n  supp l i ed  p o w e r  fo r  the  e l e c t r o t h e r m a l  g a s i f i e r .  
I n s o f a r  a s  p o s s i b l e ,  the  p r o c e s s i n g  s t e p s  i n c l u d e d  in the d e s i g n  r e p r e s e n t  the  
s t a t e - o f - t h e - a r t  p r a c t i c e  tha t  p r e v a i l e d  in 1969 at  the t i m e  the  d e s i g n  was  
unde r t a k e n .  
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8 . 4  H Y G A S  D e m o n s t r a t i o n  P l a n t  D e s c r i p t i o n  

T h e  P r o c o n  I n c o r p o r a t e d  b l o c k  f l e w  d i a g r a m s  p r e s e n t e d  in  F i g u r e s  8 - 2  
t h r o u g h  8 - 5  s h o w ,  r e s p e c t i v e l y ,  t h e  p r e l i m i n a r y  d e s i g n  of  t h e  o v e r a l l  
p l a n t ,  o f  t h e  s o l i d s  h a n d l i n g  u n i t s ,  o f  t h e  g a s  t r e a t m e n t  u n i t s ,  a n d  a b l o c k  
f l o w  m a t e r i a l  b a l a n c e  of  u t i l i t i e s  a n d  m i s c e l l a n e o u s  u n i t s .  T a b l e  8 -1  
p r e s e n t s  s t r e a m  c o n d i t i o n s ,  c o m p o s i t i o n s ,  a n d  m a t e r i a l s  b a l a n c e s  f o r  t h e  
v a r i o u s  g a s  t r e a t m e n t  u n i t s  s h o w n  in F i g u r e  8 - 4 .  

On s o m e  of  t h e  p r o c e s s  f l o w  d i a g r a m s  a n d  m a n y  of  t h e  f l o w s t r e a m s  r e -  
p o r t s  c o n t a i n e d  in t h i s  d i s c u s s i o n ,  t h e r e  is  -- i n  a d d i t i o n  to  s t r e a m  p r o p e r -  
t i e s  a n d  q u a n t i t i e s  - a v a l u e  t e r m e d  " f u e l  e q u i v a l e n t .  " T h i s  i s  a 
m e a s u r e  of  t h e  p o t e n t i a [  m e t h a n e  c o n t e n t  o f  t h e  s t r e a m  u n d e r  c o n s i d e r a t i o n .  
" F u e l  e q u i v a l e n t "  is  a h a n d y  i n d e x  to p r o c e s s  e f f i c i e n c y  t h r o u g h  t h e  m a n y  
s t e p s  b e t w e e n  t h e  r e a c t o r  and  t h e  p r o d u c t  g a s  p i p e l i n e .  L o s s e s  
o f  h i g h  f u e l  e q u i v a l e n t  d e s e r v e  c a r e f u l  s c r u t i n y ;  t h o s e  of  s m a l l  f u e l  e q u i v a -  
l e n t  c a n  be  n e g l e c t e d  a t  t h i s  s t a g e  of d e s i g n .  

T h e  f u e l  e q u i v a l e n t  i s  c a l c u l a t e d  a s  t h e  s u m  of '  

Moles Hz. x 0.25 

Moles CO x 0.25 

Moles OH 4 x 1.00 

Moles CzH 6 x 1.75 

In  t he  s t o i c h i o m e t r y  of t h e  s h i f t  r e a c t i o n ,  o n e  m o l e  of  c a r b o n  m o n o x i d e  i s  
e q u i v a l e n t  to  o n e  m o l e  o f  h y d r o g e n .  T h e  m e t h a n a t i o n  r e a c t i o n  r e q u i r e s  f o u r  
m o l e s  o f  Hz e q u i v a l e n t  to  m a k e  o n e  m o l e  of  CH 4. B y  s i m i l a r  l o g i c ,  o n e  m o l e  
o f  e t h a n e  i s  w o r t h  two  m o l e s  o f  m e t h a n e  m i n u s  o n e  m o l e  of h y d r o g e n .  T h e  
pertinent reactions are: 

CO +HzO-~CO z +H z 

CO + 3H z -* CH 4 ~- HzO 

CzH6+ Hz-" Z CH 4 

R e g a r d i n g  t h e  a c c u r a c y  of  f i g u r e s ,  t h e r e  m a y  be  s o m e  m i s m a t c h i n g  of  
s t r e a m  f l o w  q u a n t i t i e s  f r o m  one  f l o w  s h e e t  t o  a n o t h e r .  T h e s e  ( i f  any)  a r e  
m i n o r  a n d  a r e  b e l i e v e d  to  be  w e l l  w i t h i n  a c c e p t a b l e  l i m i t s  f o r  t h i s  s t u d y ,  
A d d i t i o n a l l y ,  in  m o s t  c a s e s  t h e  n u m e r i c a l  v a l u e s  f o r  v a r i o u s  d a t a  h a v e  b e e n  
r o u n d e d  of f  t o  p r a c t i c a l  s i g n i f i c a n t  f i g u r e s .  F o r  t h i s  r e a s o n  t h e  v a l u e s  s h o w n  
f o r  t h e  v a r i o u s  c o n s t i t u e n t s  of  s t r e a m  f l o w s  m a y  n o t  a d d  up  to  e x a c t l y  1 0 0 ~ .  
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8 .4 .  1 Sol ids  H a n d l i n g  

The so l ids~handl ing  un i t s  a r e  d e s i g n a t e d  in F i g u r e  8 -6 .  F i g u r e  8 -3  
p r o v i d e s  a b l o c k - f l o w  m a t e r i a l  ba l ance  of s o l i d s  h a n d l i n g  uni ts .  Coal  
m in in g ,  c l e a n i n g ,  and t r a n s p o r t a t i o n  to the  d e m o n s t r a t i o n  p l an t  w e r e  not  
p a r t  of the de s ign .  

8 . 4 . 1 .  1 C o a l H a n d l i n g  a n d  S to rage  

F r o m  the  n e a r b y  m i n e ,  6 - i n c h  x 0 s i ze  r u n - o f - m i n e  coa l  is d e l i v e r e d  to 
h o p p e r s  in the c o a l - b r e a k e r  h o u s e  by conveyor . :  A r o t a r y  b r e a k e r  r e d u c e s  

the coal  to 1 - 1 / 2  inch  X 0 s ize .  Rock and o the r  "unbroken  m a t e r i a l  t h a t  [s 
l a r g e r  than  th is  s i ze  is s e p a r a t e d ,  and the  c r u s h e d  coa l  is t r a n s p o r t e d  by 
c o n v e y o r  to a t r a v e l i n g ,  s tac.ker ,  wh ich  d e l i v e r s  it to the  l ive  s t o r a g e  p i le .  

The coal  r a t e  f r o m  the m i n e  is 1350 t o n s / h r  on a 1 shif t  (7 h o u r s )  day,  
5 d a y s / w e e k  bas i s .  G r a v i t y  f low f r o m  the  l ive  s t o r a g e  supply  is enough  to 
f e e d  the p l an t  d u r i n g  Z-day  w e e k e n d s .  L o n g e r  m i n e  shu tdown p e r i o d s  of up 
to 30 days  a r e  a c c o m m o d a t e d  by bu l ldoz ing  f r o m  dead  s t o r a g e  to r e c l a i m  
s t a t ions .  

8 . 4 . 1 . 2  Coal  P r e p a r a t i o n  

R e c l a i m e d  coal  f e e d s  t h rough  h o p p e r s  to the  r e c l a i m i n g  c o n v e y o r  l o c a t e d  
ben ea th  the l ive  s t o r a g e  pi le  in the r e c l a i m  tunne l .  Th i s  c o n v e y o r  m o v e s  coa l  
to e l e v a t e d  r e c e i v i n g  h o p p e r s  in the c o a l l c o n d i t i o n i n g  house .  T r a m p  i r o n  is 
m a g n e t i c a l l y  r e m o v e d  b e f o r e  the  coal  d i s c h a r g e s  into h o p p e r s .  U n c r u s h e d  
coal  is t r a n s f e r r e d  as n e e d e d  f r o m  t h e s e  h o p p e r s  t o t h e  power  p lan t  for  fuel .  
Coal  for  p r o c e s s i n g  is c r u s h e d  to 4 m e s h x 0  s i ze  and is c o n v e y e d  to the  c o a l -  
p r e t r e a t m e n t  plant .  The p r o c e s s  f low d i a g r a m  of F i g u r e  8-7  p r o v i d e s  de -  
t a i l s  of the e q u i p m e n t  and p r o c e s s  flow, and F i g u r e  8 -3  " p r o v i d e s  a b lock -  
f low m a t e r i a l  ba l ance .  

8 . 4 . 1 . 3  Coal  P r e t r e a t m e n t  

P r e t r e a t m e n t  de s t r o y s  a g g l o m e r a t i n g  t e n d e n c i e s  of b i t u m i n o u s  coa l s  by 
m i l d l y  ox id i z ing  the  coa l  s u r f a c e s  [n a i r  at  a t e m p e r a t u r e  of 800°F .  The  
p r e t r e a t e r  coal  f e e d  c o n t a i n s  8% m o i s t u r e  and 'is r e c e i v e d  f r o m  the  c o a l -  
c r u s h i n g  p lan t  at  a r a t e  of 204 t o n s / h r .  C h a r  p r o d u c t  f r o m  p r e t r e a t m e n t  is 
p r o d u c e d  at a r a t e  of 184 t o n s / h r .  

P r o c e s s  f low d i a g r a m s  of th i s  s e c t i o n  a p p e a r  in F i g u r e s  8-8  a n d 8 - 9  
S t r e a m  cond i t i ons ,  c o m p o s i t i o n s  and m a t e r i a l  b a l a n c e s  a r e  p r o v i d e d  in 
Tab le  8 - 2. 
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C o a l  is d e l i v e r e d  by c o n v e y o r s  to the p r e t r e a t e r  f e e d  s t o r a g e  h o p p e r s .  
F r o m  t h e r e  it is w i t h d r a w n  to p a r a l l e l  f l a sh  d r y i n g  s y s t e m s ,  w h i c h  r e d u c e  
the  m o i s t u r e  con t en t  f r o m  8 to 1~. Af t e r  s e p a r a t i o n  f r o m  the d ry ing  gas ,  
the  coal  is p n e u m a t i c a l l y  t r a n s p o r t e d  by i n e r t  gas  into an e l e v a t e d ,  p r e s s u r i z e d  
f e e d  h o p p e r .  T h e n  it m o v e s  by a s t andp ipe  into the  p r e t r e a t e r  r e a c t o r .  

R e s i d e n c e  t i m e  of the  so l id s  in the f l u i d i z e d - b e d  p r e t r e a t e r  ' r e a c t o r  is 30 
m i n u t e s  a t  8 0 0 ° F  and 20 psig .  O n e - t h i r d  of the  a i r  i n j e c t e d  e n t e r s  wi th  f e e d  
so l ids  t h r o u g h  a " b i r d c a g e "  in the b o t t o m  cone  of the  r e a c t o r :  the  r e m a i n i n g  
a i r  is i n t r o d u c e d  t h r o u g h  two c o n c e n t r i c  a i r  r i n g s  b e n e a t h  the f luid  bed. H e a t  
is  r e m o v e d  f r o m  the  v e s s e l  by s t e a m  co i l s .  S a t u r a t e d 2 5 0 - p s i g  s t e a m  is 
g e n e r a t e d  f r o m  1800F b o i l e r  f e e d w a t e r  at  290,000 l b / h r .  An add i t i ona l  
37,000 l b / h r  of 2 5 0 - p s i g  s t e a m  f r o m  the p r o c e s s  j o i n s  t h e  g e n e r a t e d  s t e a m  
for  s u p e r h e a t i n g .  The p r e t r e a t e d  8 0 0 ° F c h a r  is t r a n s f e r r e d  to the c h a r  c o o l e r  
v e s s e l  w h e r e  it is c o o l e d  to 250 °F by v a p o r i z a t i o n  of i n j e c t e d  sour  w a t e r  f r o m  
the  p r e t r e a t e r  gas  q u e n c h i n g  s y s t e m .  The c h a r  is t hen  t r a n s f e r r e d  to the  
a t m o s p h e r i c  c h a r  c o o l e r  in which  i r i s  f u r t h e r  c o o l e d  to 200 °F by w a t e r  in-  
' j e c t i on  and i n e r t  gas  s t r i p p i n g  be fo re  be ing  t r a n s f e r r e d  to the  cha r  f e e d  
h o p p e r s .  

A e r a t i o n  gas  u s e d  in the  v a r i o u s  l i n e s  and h o p p e r s  i s  supp l i ed  as p a r t  of 
the  c a r b o n  d i o x i d e - r i c h  v e n t  gas  f r o m  the  a c i d - g a s  s c r u b b i n g  s ec t i on .  Th i s  

. gas  c o n t a i n s  about  2~ e thane .  

G a s e s  f r o m  the  p r e t r e a t e r  r e a c t o r  and the  c h a r  c o o l e r  con t a in  t a r s ,  o i l s ,  
n i t r o g e n ,  c a r b o n  o x i d e s ,  su l fur  d i o x i d e ,  l i gh t  h y d r o c a r b o n  g a s e s ,  and s t e a m ,  
Q u e n c h i n g  t a k e s  p l ace  i n  two s t ages .  In the f i r s t  s tage ,  the gas  is  q u e n c h e d  to 
150 °F by w a s h i n g  wi th  oi ly  w a t e r  i n a  v e n t u r i  s c r u b b e r ;  

In the  s e c o n d - s t a g e  q u e n c h  t o w e r  t h e  gas i s  c o o l e d  t o  l l O ° F .  Both s t a g e s  
u se  r e c i r c u l a t e d  w a t e r  fo r  cool ing .  The r e c i r c u l a t e d  w a t e r  in t h e  f i r s t  s t age  
is  c o o l e d  by f i n - f a n  a i r  c o o l e r s ,  and the s e c o n d - s t a g e  r e c i r c u l a t e d  w a t e r  is 
c o o l e d  by exchange  wi th  coo l i ng  w a t e r .  C o n d e n s e d  oil f r o m  both s t a g e s  is 
c o m b i n e d  to r e d u c e  t a r  v i s c o s i t y  and t r a n s f e r r e d - t o  .the : s l u r r y  p r e p a r a t i o n  
s 'ect ion.  P a r t  of the  c o n d e n s e d  w a t e r  f lows  to the  c h a r  c o o l e r  s p r a y s ,  and 
the  r e s t  is u s e d  in s l u r r y i n g  l i m e s t o n e  fo r  the  p o w e r  p lan t  s t a c k - g a s  c l e a n i n g  
s y s t e m .  

Gas f r o m  the s e c o n d - s t a g e  quench  p lus  the  v e n t e d  g a s e s  f r o m  the p r e -  
t r e a t e r ,  s t o r a g e  h o p p e r s ,  d r y e r s ,  and c o o l e r s ,  f l o w  o n t o  the b o i l e r s  w h e r e  
the  l o w - h e a t i n g - v a l u e  of the  gas  is r e c o v e r e d  and i ts  su l fur  d i o x i d e - c o n t e n t  
is t r e a t e d  by the  b o i l e r  s t ack  s c r u b b i n g  s y s t e m .  

8. 4. 1 . 4  C h a r  F e e d  Prep...a.ration • , 

P r e t r e a t e d  c h a r  at 200 °F i s  s t o r e d  u n d e r  i n e r t  gas  in f e e d  h o p p e r s ,  w h i c h  
p r o v i d e  10 h o u r s  of s t o r a g e .  In m i x  t anks ,  t h e  c h a r  i s  s t i r r e d ,  into r e c y c l e d  
s l u r r y  oil  to y i e l d  a s l u r r y  con ta in ing  33 w e i g h t  p e r c e n t  so l id s .  S l u r r y  is 
c o n t i n u o u s l y  c i r c u l a t e d  t h r o u g h  the  f e e d  p u m p  s u c t i o n  l i n e s  back  to the  s l u r r y  
tank.  The f eed  p u m p s  boos t  the r e a c t o r  f e e d  s l u r r y  p r e s s u r e  to 1450 psig .  
The s l u r r y  f lows t h r o u g h  two h e a t  exchange r s~  in s e r i e s ,  to r a i s e  its t e rn -  
p e r a t u r e  to about  360 °F. This  he lp s  to h e a t  b a l a n c e  the  g a s i f i c a t i o n  r e a c t o r .  
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As  the  200 °F p r e t r e a t e d  c h a r  is  s t i r r e d  into  the  m i x  t ank  s l u r r y  oil ,  s o m e  
s o u r  gas  f l a s h e s  f r o m  the oil. The  gas  is  c o m p r e s s e d ,  coo l ed ,  and sen t  to 
i n c i n e r a t i o n  and  f ina l  gas  s c r u b b i n g .  

A p r o c e s s  f l ow  d i a g r a m  of t h i s  s e c t i o n  is  p r e s e n t e d  in F i g u r e  8 -10 ,  
and  s t r e a m  c o n d i t i o n s ,  c o m p o s i t i o n  and m a t e r i a l s  b a l a n c e s  a p p e a r  in 
Table 8-3. 

8 . 4 . 1 . .  5 R e a c t i o n  Section.  

The reaction section, including solids flow, is  discussed as a unit under 
subheading 8.4.2 'which follows this section. 

8 .4 .  1 .6  Cha r  R e c o v e r y  

A p r o c e s s  Flow d i a g r a m  of t h i s  s e c t i o n  is shown in F i g u r e  8-11 
T a b l e  8 - 4  p r o v i d e s  s t r e a m  c o n d i t i o n s ,  c o m p o s i t i o n s ,  and  m a t e r i a l s  
b a l a n c e  s. 

and 

Char enters the char recovery section at 1230°F and a pressure of about 
1230 ps ig .  F r o m  the  c y c l o n e  s e p a r a t o r ,  it  is  t r a n s f e r r e d  by s t e a m  into a 
c h a r - w a t e r  s l u r r y i n g  tank.  In the  s l u r r y  t ank ,  the c h a r  t e m p e r a t u r e  is r e -  
d u c e d  to 573 ° F  and the  e v o l v e d  s t e a m  is c o n d e n s e d  by a d d i t i o n  of the  s l u r r y  
w a t e r .  The  c h a r - w a t e r  s l u r r y  is r e d u c e d  in p r e s s u r e  in f o u r  s t a g e s  to 
m i n i m i z e  e r o s i o n  in the  l e t d o w n  s y s t e m .  At e a c h  p r e s s u r e - ~ e d u c t i o n  s t age ,  
the  t e m p e r a t u r e  is  d e c r e a s e d  by the  f l a s h i n g  of w a t e r .  The  s t e a m  e v o l v e d  
is  c o n d e n s e d  and r e t u r n e d  to the  s l u r r y .  A f t e r  f i na l  l e t d o w n  to a t m o s p h e r i c  
p r e s s u r e ,  the  s o l i d s  c o n t e n t  of t he  s l u r r y  i s  a d j u s t e d  to 25 w e i g h t  p e r c e n t  by 
the  a d d i t i o n  of p h e n o l - c o n t a i n i n g  p r o c e s s  w a t e r .  

The s l u r r y  i s  p u m p e d  to fou r  p a r a l l e l  c e n t r i f u g e s ,  w h i c h  y i e l d  a c h a r  
c o n c e n t r a t e  c o n t a i n i n g  25 w e i g h t  p e r c e n t  w a t e r .  The  c h a r  c a k e  i s  d r i e d  w i t h  
ho t  a i r  in  p u l v e r i z e r s  and is p n e u m a t i c a l l y  c o n v e y e d  to the  b o i l e r  fue l  b u n k e r s .  
C e n t r i f u g e  l i q u o r  c o n t a i n i n g  69 c h a r  f i n e s  e n t e r s  a s e t t l e r ,  f r o m  w h i c h  a 
t h i c k e n e d  f i ne s  s l u r r y  is  w i t h d r a w n  and r e t u r n e d  to  t he  c e n t r i f u g e s .  P a r t  of 

• t h e  s e t t l e r  o v e r f l o w  w a t e r  is  r e c y c l e d  to the  s l u r r y  m i x  t ank ,  and the  r e -  
m a i n d e r  f l o w s  to w a s t e - w a t e r  t r e a t m e n t  f a c i l i t i e s .  

Phenolic process water is added to the char slurry because our laboratory 
has observed that spent EG char is capable of effectively reducing the phenolic 
content of water. Slurrying the char with phenolic process water reduces the 
phenolic load on the waste-water treating system. 

8.4.2 Gasifier Reactor and Reaction Section 

A process flow diagram of streams entering and emerging from this sec- 
tion is presented in Figure 8-1Z, Conditions, compoaitions and materials 
balances for these streams appear in Table 8-5. A second process flow 
diagram of streams within the pressure vessel of this reaction section is 
presented in Figure 8-13. ' Conditions, compositions and materials for the 
internal streams appear in Table 8-6. 

8 -22. 
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) , 

WT 

C 71.36 
H 4.03 
0 7.51 
N 0.99 
S 3.81 
Ash 12.30 

Total Solids 371,547 Lb/Hr 
Light Oil 735t000 Lb/Hr 

WT~ 

C 71.36 
H 4.03 
0 7,51 
N 0.99 
S 3.81 
Ash 12.30 

Total 

C 
H 
0 
N 
S 
Ash 

Total 

371,547 Lb/Hr 

WT% 

80.89 
0.94 

0,42 
1.59 

16.16 

282,B75 Lb/Hr 

WT~ 

C 75.04 
H 0.87 
0 - -  

N 0.56 
S 2.11 
Ash 21.42 

Total 213,466 Lb/Hr 

C 57.76 
H 0.67 
C - -  

N 0,99 
S 2.75 __~ 
Ash 37.83 

Total 119,249 Lb/Hr 

36flOF 

LOV 
600OF 

600OF 

LTR 
1200°F 

;zOOOF I 
] 

~R 
t750OF 

g = 85 MIN 

1750°F _] 

] 
EG 

1900OF 

=20 MIN 
\ 

I 600o F 

1200°F 

°F 

L ® 

F 
® 

1230OF (Stm) 

1QOO°F (Stm) 

110 MW 

Press. 70 Arm. 

A7506 1435 

Figure 8-13. REACTION SECTION PROCESS FLOW DIAGRAM FOR 
STREAMS INSIDE REACTOR FOR HYGAS DEMONSTRATION P/_~NT 
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The g a s i f i c a t i o n  r e a c t o r  c o n t a i n s  f o u r  f l u i d i z e d  beds  t h r o u g h  w h i c h  c h a r  
p a s s e s  d o w n w a r d ,  c o u n t e r  to the u p w a r d  f low of gas  and s t e a m .  F i g u r e  
8 - 1 4 a  b r i e f l y  i d e n t i f i e s  t y p i c a l  o p e r a t i n g  c o n d i t i o n s ,  F i g u r e  8 -145  is 
a s i m p l i f i e d  c o n c e p t u a l  p r e l i m i n a r y  d e s i g n  d r a w i n g  of the  r e a c t i o n  s e c t i o n .  
F i g u r e  8 - 1 4 c  is an e n g i n e e r i n g  d r a w i n g  of the  c o n c e p t u a l  HYGAS d e m o n -  
s t r a t i o n  p lan t  r e a c t o r  s e c t i o n  f o r  the e l e c t r o t h e r m a l  c a s e  as  e x e c u t e d  fo r  
IGT by B e c h t e l  Corp .  

Pretreated char feed at 360°F enters the top bed of the reactor as a 
slurry in light aromatic oil, which is produced by the process. Solids con- 
centration in the slurry is about 33 weight percent. The top bed is called the 
light oil vaporizer (LOV), and operates at 600 °F and 1200 psig. Residence 
time for the solids is I0 minutes. The slurry sprays into the fluidized bed 
of dried char and the slurry oil is stripped out of the bed by the hot fluidizing 
gases rising from below. Ra.w gas exits from the LOV at a temperature of 
600 °F. 

/" 

D r i e d  c h a r  f lows  into the l o w - t e m p e r a t u r e  r e a c t o r  (LTR) ,  w h e r e  it  con -  
t a c t s  ho t  gas  f r o m  the  h i g h - t e m p e r a t u r e  r e a c t o r  (HTR).  In the  LTR.  the  
c h a r  i s  l i f t e d  by the  ho t  gas  t h r o u g h  a t r a n s p o r t  zone  w h e r e  the a v e r a g e  t e m -  
p e r a t u r e  is l Z 0 0 ° F .  THe c h a r  r a p i d l y  d e v o l a t i l i z e s  and t r a n s i e n t  a c t i v e  
c a r b o n  s i t e s  r e a c t  d i r e c t l y  wi th  h y d r o g e n  in the gas  to f o r m  a d d i t i o n a l  
m e t h a n e .  About  o n e - h a l f  of the  t o t a l  m e t h a n e  f o r m e d  in the  h y d r o g a s i f i e r  
i s  p r o d u c e d  by t h i s  r a p i d - r a t e  m e t h a n a t i o n  r e a c t i o n .  • T o t a l  so l ids  t i m e  in 
t he  L T R  is 10 s e c o n d s ,  a n d  about  24%of the coa l  is g a s i f i e d .  Gas and s o l i d s  
a r e  s e p a r a t e d  by c y c l o n e s ;  the  gas  f l ows  to the  LOV and the  so l i d s  f low 
sp l i t s ,  p a r t  r e t u r n i n g  to the  l o w - t e m p e r a t u r e  r e a c t o r  and p a r t  f l owing  on 
to the h i g h - t e m p e r a t u r e  r e a c t o r .  T h e  g a s - s o l i d s  c o n t a c t i n g  f o r  a l l  t h r e e  
h y d r o g e n - p r o c e s s  c o m b i n a t i o n s  w i th  blYGAS a r e  shown in  F i g u r e  8-1 5. 

The reacted solids returning to the LTR as recycle serve two purposes: 
I) the increased solids flow through the LTR helps to modify temperature 
fluctuations and assists in the rapid transfer of heat to the cool char entering 
from the.LOV, and 2) by diluting the LOV char with partially reacted char, 
any residual tendency for LOV char to agglomerate ~vhile being heated is pre- 
vented. If this concept is effective, perhaps external coal' pretreatment can 
be avoided. The ratio of recycled char to fresh char feed in the LTR is' 
about 2. 

C h a r  f r o m  the  L T R  f lows  into the  HTR,  w h e r e  it r e a c t s  w i th  f l u i d i z i n g  gas  
f r o m  the  e l e c t r o t h e r m a l  g a s i f i e r  a t  1750°F .  Abou t  19% of the  coa l  is  gas i f i ed .  
d u r i n g  the  s o l i d s  r e s i d e n c e  t i m e  of 85 m i n u t e s  in the  f lu id  bed. S o m e  a d d i -  
t i o n a l  d i r e c t  m e t h a n e  f o r m a t i o n  o c c u r s  in the HTR,  wl~ere s t e a m  r e a c t s  w i th  
c h a r  to f o r m  h y d r o g e n  and c a r b o n  m o u o x i d e .  

Mos t  of the  h y d r o g e n  c ' o n s u m e d  in the  L T R  and H T R  s t a g e s  of h y d r o g a s i -  
f i c a t i o n  is g e n e r . a t e d  in the e l e c t r o t h e r m a l  g a s i f i e r  (EG). The EG is a 
f l u i d i z e d - b e d  r e a c t o r  ;n w h i c h  c h a r  f r o m  the  H T R  r e a c t s  wi th  s t e a m  at  1900 °F  
About  25% of the coal  ~s g a s i f i e d  in the  EG d u r i n g  a s o l i d s  r e s i d e n c e  t i m e  of 
20 m i n u t e s .  A l t h o u g h  a s m a l l  a m o u n t  of d i r e c t  m e t h a n e  f o r m a t i o n  o c c u r s ,  
t h e  g r e a t e s t  r e a c t i o n  is s t e a m  wi th  c a r b o n .  A l a r g e  a m o u n t  of h e a t  i s  r e -  
q u i r e d  f o r  the  ne t  e n d o t h e r m i c  r e a c t i o n .  T h i s  h e a t  is s u p p l i e d  to the EG by 
the  r e s i s t a n c e  of the  f l u i d i z e d  bed  of c h a r  to the  p a s s a g e  of a d i r e c t - c u r r e n t  
e l e c t r i c i t y .  

L 
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SLURRY 
FEED - 
360°F 

RAW GAS 600°F 

(LOV) 

(LTR) 

LIGHT OIL VAPORIZER 
600°F 1215 psia 

LOW-TEMPERATURE REACTOR 
1200°F 1220 psia 

(HTR) HIGH-TEMPERATURE 
REACTOR 

1750°F 1223 psia 

STEAM 

d'c ELECTRIC 

STEAM 

:G) 

F 

ELECTROTHERMAL 
GASIFIER 

1900 °F 1232 psia 

A-II2-962 

F i g u r e  8 - 1 4 a .  HYGAS R E A C T O R  WITH E L E C T R O T H E R M A L  G A S I F I E R  
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INLE' 
COAL St 

JACKET WA1 
STEAM RECYC 

Co 2 3 0  ft 

HYDROGEN-Rll 
GASI 

ELECTROI 

SUPERHEATED 
STEAM 

ELECTRI 
POWER IN 

RAW GAS OUTLET 
TO QUENCH, CLEAN-UP 
AND METHANATION STEPS 

~AS-SOLIDS 
)ISENGAGING 

~LURRY 
)RYING 

iTER 
~ESSURE 
~SSEL 

f 

GAS-SOLIDS 
MIXING 

FI RST- STAG E 
HYDROGASlFICATION 
I60 FEET OF GAS-SOLIDS 
CONTACTING IN 
RISER REACTOR) 

JACKET 
,--WATER 

RECYCLE 
SECOND-STAGE 

> HYDROGASIFICATION 
(FLUIDIZED -BED 
REACTOR) 

ELECTROTHERMAL 
GASIFICATION (EG) 
(STEAM-OXYGEN GASIFICATION 
COULD BE UTILIZED HERE, 
,OR A SMALL HEAT-EXCHANGE BED 
COULD BE EMPLACED IN THE 
BOTTOM OF THE VESSEL IF 
HYDROGEN FROM A SEPARATE 
STEAM-IRON UNIT WERE 
EMPLOYED) 

I..__JACKET WATER 
MAKEUP 

CHAR 
OUTLET 

FLUIDIZED-BED 
LEVEL CONTROL 

0 " 6 4 - 9 4 0  

Figure 8-14b ,  SIMPLIFIED DRAWING OF CONCEPTUAL REACTOR 
DESIGN FOR THE HYGAS DEMONSTRATION PLANT 
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About  335 of the  f r e s h  c h a r  f e e d  to t he  LOV l e a v e s  the  EG as  a net  
p r o d u c t .  The  c a r b o n  c o n t e n t  of t h i s  c h a r  is the  m o s t  d i f f i cu l t  p o r t i o n  of 
t he  coa l  to ga s i fy :  A f t e r  c o o l i n g ,  d e p r e s s u r i z i n g ,  and r e c o v e r y ,  the EG 
c h a r  is  u s e d  as  fue l  to g e n e r a t e  p o w e r  f o r  the  EG uni t  and f o r  p r o c e s s  
s t e a m .  The  EG c h a r  c o n t a i n s  no v o l a t i l e  m a t t e r  and has  the  f o l l o w i n g  
c o m p o s i t i o n :  

C 57. 76 

H 0 . 6 7  

O - -  

N 0 . 9 9  

S Z. 75 

A s h  3 7 . 8 3  

T o t a l  100 .00  

E l e c t r i c a l l y ,  the  EG bed is  a n o n l i n e a r  r e s i s t i v e  load.  B e c a u s e  of bed 
f l u c t u a t i o n s ,  the  l o a d  is u n s t a b l e ,  v a r y i n g  in r e s i s t a n c e  o v e r  w ide  r a t i o s  
c a u s i n g  the  c u r r e n t  to v a r y  in the  s a m e  m a n n e r .  The  r a t i o  of m a x i m u m  to 
m i n i m u m  v a l u e s  of c u r r e n t  can  be as  h igh  as 4, and the  c h a r a c t e r  of t h e  
c u r r e n t  is  n o n s i n u s o i d a l .  B e c a u s e  of t h e s e  c h a r a c t e r i s t i c s ,  a d - c  s y s t e m  
is  p r e f e r r e d .  V o l t a g e  is  s u p p l i e d  at  abou t  15 kV above  g round ,  w h i c h  is 
l a r g e  e n o u g h  to r e q u i r e  c a r e f u l  d e s i g n  of a l l  p o w e r  t a k e - o f f s  as  we l l  as  of 
the  e l e c t r o d e  d e s i g n  c o n f i g u r a t i o n .  

Of s e v e r a l  d e s i g n s  tha t  w e r e  c o n s i d e r e d  fo r  the g a s i f i c a t i o n  r e a c t o r ,  the  
p r e f e r r e d  d e s i g n  c o n s i s t e d  of f o u r  f l u i d i z e d - b e d  z o n e s ,  m o u n t e d  one a b o v e  
the  o t h e r ,  w i th  the  LOV u p p e r m o s t  in the  v e s s e l  and  the  e l e c t r o t h e r m a l  
g a s i f i e r  (EG) a t  the  bo t tom.  The "ho t "  z o n e s ,  i. e. , the  H T R  and  the  EG, 
a r e  i n t e r n a l l y  p r o t e c t e d . w i t h  1 - f t - t h i c k  i n s u l a t i o n .  The  i n s u l a t i o n  is i n s t a l l e d  
on the  i n n e r  a l l o y  she l l  of a b a l a n c e d - p r e s s u r e ,  bo i l ing  w a t e r  j a c k e t .  T h e  
w a t e r  j a c k e t ' s  t e m p e r a t u r e  wi'll be abou t  5 7 0 ° F .  The  e x t e r n a l  v e s s e l  s h e l l  
c o n t a i n s  the  p r e s s u r e .  With th i s  d e s i g n ,  a) f l u i d i z e d - b e d  h e a t  l o s s e s  g e n -  
e r a t e  h i g h - p r e s s u r e  s t e a m ,  w h i c h  is u s e d  in the  p r o c e s s ;  b ) ' t he  a l l o y  i n n e r  
s h e l l  i s  r e l a t i v e l y  thin  b e c a u s e  of the b a l a n c e d - p r e s s u r e  d e s i g n ;  c) the o u t e r  
p r e s s u r e - c o n t a i n i n g  s h e l l  c a n  be m a d e  of c a r b o n  s t e e l ;  d) c o n d e n s a t i o n  is  
a v o i d e d  in the  r e f r a c t o r y  l i n ing ;  and e) the w a t e r  j a c k e t  protect -s  the v e s s e l ' s  
i n t e g r i t y  if i n t e r n a l  r e f r a c t o r y  i s  l o s t  d u r i n g  o p e r a t i o n .  

An i n i t i a l  s t e p  in p r e p a r i n g  the  d e m o n s t r a t i o n  p lan t  d e s i g n  w a s  to e s t a b -  
l i s h  the .p lant  s i z e ,  t ha t  is,  "the l a r g e s t  c o m m e r c i a l l y  f e a s i b l e  s i n g l e - t r a i n  
p lan t .  " A d e t a i l e d  i n v e s t i g a t i o n  w a s  m a d e  to d e t e r m i n e  the  s i z e  and  c o n -  
s t r u c t i o n  of a r e a c t o r  fo r  t h i s  p lant .  The  s tudy  r e s u l t e d  in the  s e l e c t i o n  of 
a 2 4 - f t - o u t  s i d e - d i a m e t e r  r e a c t o r  b e c a u s e  the  t e c h n o l o g y  w a s  a v a i l a b l e  to 
c o n s t r u c t  p r e s s u r e  v e s s e l s  of t h i s  s i ze  in the f ie ld .  The  r e a c t o r  c a p a c i t y ,  
w h i c h  s e t s  the  s i ze  and c a p a c i t y  of the  o t h e r  p lan t  e q u i p m e n t ,  is  80 m i l l i o n  
S C F / d a y  of p i p e l i n e - q u a l i t y  gas .  
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The r e a c t o r  h a s  an o u t s i d e  d i a m e t e r  of 24 f e e t  and  i s  240 f ee t  t a l l ,  in~ 
c l u d i n g  s k i r t  he igh t .  The  w e i g h t  of s t e e l  in the  r e a c t o r  is  abou t  2750 t o n s .  

S t e a m  e n t e r s  the  r e a c t o r  p r o c e s s  a r e a  at  1250 p s i g  and 1000°F .  About  
2-5% of the  s t e a m  p a s s e s  into  the  r e a c t o r  above  the  EG f l u i d i z e d  bed  and 
m i x e s  wi th  the  h y d r o g e n - r i c h  gas  f lowing  to the  HTR.  The r e s t  of t he  
s t e a m  i s  u s e d  to t r a n s p o r t  e x c e s s  EG c h a r  to a c y c l o n e  s e p a r a t o r .  The  
c h a r  t e m p e r a t u r e  is  r e d u c e d  f r o m  1900 ° to 1 2 3 0 ° F  as  the  t r a n s p o r t  s t e a m  
is  h e a t e d .  S t e a m  f r o m  the  c y c l o n e  s e p a r a t o r  e n t e r s  the  EG bed  as  the  
f l u i d i z i n g  and r e a c t i n g  gas  to p r o d u c e  s y n t h e s i s  gas .  The  c o o l e d  c h a r  
f l ows  on to the  c h a r  r e c o v e r y . s e c t i o n .  

8.4.3 Main  S t r e a m  Gas  T r e a t m e n t  

The r a w  gas  e f f l u e n t  f r o m  the  g a s i f i e r  m u s t  be c l e a n e d ,  i t s  c o m p o s i t i o n  
a d j u s t e d ,  and' the  gas  r n e t h a n a t e d  and d r i e d  to p r o d u c e  p i p e l i n e - q u a l i t y  gas .  
The  b lock  f low d i a g r a m  fo r  t h i s  p a r t  of the p l a n t  i s  s h o w n  in F i g u r e  8 -16 ,  
and  s t r e a m  da ta  have  b e e n  p r e s e n t e d  in  Tab le  8 - 1  

8.4.3. 1 Raw Gas  Q u e n c h  . 

Gas  f l o w s  f r o m  the  r e a c t o r  a t  a t e m p e r a t u r e  of 6 0 0 ° F  and  a l Z l 5 - p s i a  
p r e s s u r e .  It h a s  the f o l l o w i n g  c o m p o s i t i o n :  

" " ". . tool % 

CO 

coz 

Hz 

HzO 

CH 4 

C6H6 

NH3 

HzS 

Light" Oil 

Total 

17.80 

12.01 

20.07 

14:Z5 

I0.62 

0.62 

0.21 

0.53 

I. 05 

16.84 

I00.00 

Small amounts of the following components are also' present: HCN, COS, CS z, 
and, in the light oil, toluene, xylene, cumene, naphthalene, phenol, cresol, 
and a heavy oil (667~F). 

t 

The purpose of the raw gas quench is to condense and recover most of the 
slurry oii present in the gas. The oil vapor content of the cooled gas should 
be less than 2%before entering the shift conversion section of the plant. As 
much useful heat as possible is recovered from the gas during cooling and 
condensation.• The process flow diagram for the section appea.rs in Figure 
8-17  and  s t r e a m  da t a  a r e  in  T a b l e  8 - 7 .  
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T h e  r a w  g a s  e x i t s  f r o m  t h e  g a s i f i e r  a t  a f l o w  r a t e  of  287 m i l l i o n  S C F / d a y  
and  e n t e r s  an  e j e c t o r - t y p e  q u e n c h  n o z z l e ,  w h e r e  it  is c o n t a c t e d  by  a 12 ,800 
g p m  f l o w  of  q u e n c h  o[1 a t  290 °F .  T h e  q u e n c h  n o z z l e  .is m o u n t e d  h i g h  in t h e  
a i r  n e a r  t h e  r e a c t o r  o u t l e t  so t h a t  a n y  t a r s  and  du.st p r e s e n t  in  t he  g a s  a r e  
r a p i d l y  c o o l e d  a n d  f l u s h e d  a w a y ,  t h u s  a v o i d i n g  p o . s s i b l e  .solid-s a n d  t a r  b u i l d -  
up in t h e  t r a n s f e r  l i n e .  T h e  g a s  and  l i q u i d  m i x t u r e  e n t e r s  t h e  f i r s t  s e p a r a -  
t i o n  v e s s e l  a t  4 0 0 ° F .  T h i s  t e m p e r a t u r e  is  a b o v e  t h e  w a t e r  d e w  p o i n t  a n d  is  
h i g h  e n o u g h  t h a t  s o m e  of t h e  h e a t  can .  be e c o n o m i c a l l  Y r e c o v e r e d ,  .. Q u e n c h  
oi l  w i t h d r a w n  f r o m  t h e  f i r s t  s e p a r a t o r  is  c o o l e d  by  , g e n e r a t i n g  I 0 5 - p s i g  s t e a m .  
It t h e n  is  c o o l e d  by  an  a i r  c o o l e r  to 2-90°F b e f o r e  r e t u r n i n g  to t h e  q u e n c h  
n o z z l e .  E x c e s s  o i l  f l o w s  to t h e  oi l  s t a b i l i z a t i o n  s e c t i o n  of  t h e  p l a n t . .  

O n e - q u a r t e r  of  the  g a s  f r o m  t h i s  f i r s t  s e p a r a t o r  is  r o u t e d  to byp,ass,  t h e  
d o w n s t r e a m  s h i f t  c o n v e r t e r .  T h e  r e s t  of  t h e  g a s  g o e s  to  t h e  s e c o n d - s t a g e  
c o o l i n g  s y s t e m  t h r o u g h  an  a i r  c o o l e r  w h i c h  1.owe. r s  t h e  t e m p e r a . t u r e  to  1 7 5 ° F .  
B e c a u s e .  w a t e r  c o n d e n s e ,  s a t  t e m p e r a t u r e s  belo,w a b o u t  390 7F, . c o r r o s i o n  m a y  
be t r o u b l e s o m e  in t h i s  p a r t . o f  t h e  p l an t .  T h e  c o o l e d  m i x t u r e  is  s e p a r a t e d  
in to  oi l ,  w a t e r ,  a n d  g a s  phase . s .  T h e  oi l  i s  p u m p e d  into.  t he  f i r s t - s t a g e  
s e p a r a t o r :  t h e  g a s  a n d  p a r t  of  t h e  w a t e r  f l o w  to  s h i f t  c o n v e r s i o n .  T h e  r e ' s t  
of  t h e  w a t e r  is  s t r i p p e d  to  r e m o v e  d i s s o l v e d  g a s  b e f o r e  f l o w i n g  to  w a s t e -  
w a t e r  t r e a t m e n t .  

8. 4. 3.2 Shi f t  C o n v e r s i o n  

G a s  e n t e r i n g  t h e  s h i f t  c o n v e r s i o n  s e c ' t i o n  
f o l l o w i n g  c o m p o  s i t i o n :  

a~ 1 7 5 ° F - a n d  1185 p s i g  h a s  t h e  

CO. Z6.3 

c02 16o 
H z 30. 1 

HzO 0. 6 

• CH 4 24. 5 

CzH~ ~ 0. 

• C6H6- 0 . 4  

NHs , .- - 

HzS . l.Z 

Total 100.6'0 

T h e  p u r p o s e  of s h i f t  c o n v e r s i o n i s  to  a d j u s t - t h e  r a t l o - o f  H z ] C O  to  a b o u t  
f o r  t h e  c a t a l y t i c  m e t h a n a t i o n  of  t h e  g a s .  T h e  s h i f t  c o n v e r s i o n  r e a c t i o n  t a k e s  
p l a c e  o v e r  a c a t a l y s t  i n  t h e " t e m p e r a t u r e  r a n g e  o f  600 .o .~o g 0 0 ° F .  T h e  
r ' e a c t i e n  " " "" " "" " "" " " 

H z O +  C O - ~  H z - + C  0 . . .  : • ..-' '" : . :: .  .~ . . . .  
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p r o c e e d s  to the r i g h t  to f o r m  a d d i t i o n a l  h y d r o g e n  f r o m  s t e a m  and  c a r b o n  
m o n o x i d e .  The  H z / C O  r a t i o  a t  the  sh i f t  c o n v e r t e r  ou t l e t  is  abou t  7. To 

o b t a i n  the  d e s / r e d  r a t i o  of 3, s h i f t e d  gas  is b l e n d e d  wi th  gas  tha t  b y p a s s e s  
the  c a t a l y s t  bed. A p r o c e s s  f l ow  d i a g r a m  is p r e s e n t e d  in F i g u r e  8-18 ,  
and  s t r e a m  da ta  a p p e a r  in T a b l e  8 -8 .  

The  sh i f t  c o n v e r s i o n  c a t a l y s t  c h o s e n  fo r  t h i s  d e s i g n  is  the  BASF  K 8 - 1 1 .  
It is  a c o b a l t  m o l y b d e n u m  c a t a l y s t  on a sp ine l  ba se  e s p e c i a l l y  d e v e l o p e d  f o r  
h i g h - p r e s s u r e  s y s t e m s .  B e c a u s e  the  c a t a l y s t  is m o s t  a c t i v e  in the  s u l f i d e d  
f o r m ,  s o m e  s u l f u r  m u s t  be p r e s e n t  in the  f e e d  ~as .  The  c a t a l y s t  is  u s e d  
c o m m e r c i a l l y  w i th  gas  f e e d s  c o n t a i n i n g  up to 2~6 a r o m a t i c  v a p o r s  w i t h o u t  a 
l o s s  of a c t i v i t y .  The  c a t a l y s t  r e s i s t s  s i ze  d e g r a d a t i o n  in c a s e  l i q u i d  w a t e r  
i n a d v e r t e n t l y  c o n t a c t s  it  a t  o p e r a t i n g  t e m p e r a t u r e s .  

The sh i f t  c o n v e r s i o n  f e e d  gas  is s a t u r a t e d  wi th  m o i s t u r e  at  348°F by 
bubb l ing  i t  t h r o u g h  p a r t  of the  foul  w a t e r  w i t h d r a w n  f r o m  the  r a w  gas  quench .  
H e a t  is  s u p p l i e d  by e x c h a n g e  w i th  the  sh i f t  r e a c t o r  e f f luen t .  T h e  gas  is  
f u r t h e r  h e a t e d  to 650 ° F  by a d d i t i o n a l  e x c h a n g e  wi th  r e a c t o r  e f f luen t ,  and  i t s  
s t e a m  c o n t e n t  i s  a d j u s t e d  to a b o u t  0 . 7  mole ' s  of s t e a m / m o l e  of d r y  gas .  

The  sh i f t  c o n v e r s i o n  r e a c t i o n s  t a k e  p l a c e  o v e r  the  c a t a l y s t  c o n t a i n e d  in 
two f ixed  b e d s .  The  f o r e b e d  [s s a c r i f i c i a l  and is  u s e d  only  to  p r o t e c t  the  
m a i n  c a t a l y s t  bed f r o m  fou l i ng  by g u m  f o r m e r s  o r  by s o l i d s  c a r r y o v e r .  If 
the  f o r e b e d  p lugs ,  i t  c a n  be b y p a s s e d .  The  a f t e r b e d  c o n t a i n s  e n o u g h  c a t a l y s t  
to p e r f o r m  the  d e s i r e d  sh i f t ing .  The  t e m p e r a t u r e  of the  a f t e r b e d  gas  e f f l u e n t  
i s  8 2 5 ° F .  A f t e r  h e a t  e x c h a n g e  and g e n e r a t i o n  of 5 0 - p s i  s t e a m ,  c o n d e n s e d  
w a t e r  is  s e p a r a t e d  f r o m  the  gas  and  is  d i r e c t e d  to the c h a r  r e c o v e r y  s e c t i o n .  
The  gas  f l o w s  on to gas  p r e c o n d i t i o n i n g .  

8 . 4 . 3 . 3  A m m o n i a  S c r u b  and G a s  P . r e c o n d i t i o n i n g  

A p r o c e s s  f low c l i a g r a m  [s p r e s e n t e d  in F i g u r e  8-19  
a p p e a r  in T a b l e  8 - 9 .  

and stream data 

Gas  f r o m  shi f t  c o n v e r s i o n  is c o m b i n e d  wi th  b y p a s s  gas  and  With gas  
s t r i p p e d  f r o m  the  r e c y c l e d  s l u r r y  oi l .  The  c o m b i n e d  gas  is a i r  c o o l e d  to 
180°F ,  the  l i q u i d s  a r e  s e p a r a t e d ,  and  t h e n  the  gas  is f u r t h e r  c o o l e d  to l Z 0 ° F  "" 
by c o o l i n g  w a t e r  b e f o r e  a s e c o n d  s e p a r a t i o n  s tep.  P r o c e s s  w a t e r  f r o m  the  
m e t h a n a t o r  i s  u s e d  to s c r u b  a m m o n i a  f r o m  the gas  at  t h i s  po in t  in t he  p r o -  
c e s s .  T h e n ,  the  s c r u b b e d  gas  is  r e f r i g e r a t e d  to 70 °F  fo r  the  f i na l  l i q u i d  
s e p a r a t i o n .  C h i l l e d  gas  f r o m  t h i s  s e p a r a t o r  f l ows  on to the  a c i d - g a s  r e -  
m o v a l  un i t .  C o n d e n s e d  oil  i s  r e c y c l e d  to s l u r r y  p r e p a r a t i o n  and  c o n d e n s e d  
w a t e r  is d i r e c t e d  to the  a m m o n i a  s e p a r a t o r .  

8.4.3.4 Acid-Gas Remova ! (Rectisol) 

Feed gas flow rate to this unit is 220 million SCF/day. By scrubbing the 
gas with methanol at low temperature in three towers, the Rectisol process 
cleans the gas of all moisture and benzene and reduces the hydrogen sulfide 
content to 0.1 ppm and the carbon dioxide content to 0.15~'. The feed ga's 
has the following composition: 
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tool % 

CO 

COz 

Hz 

HzO 

CH+ 

C2H6 

C6H6 

HzS 

Tota l  

11.5  

26 .6  

37.'9 

T r a c e  

21 .7  

0 .8  

0 .3  

I .Z  

I00; 0 

A p r o c e s s  f low d i a g r a m  is p r e . s en t ed  in F i g u r e  
a p p e a r  in Tab le  8 - 1 0 .  

8 -ZO and s t r e a m  da ta  

The gas  f i r s t  e n t e r s  the  b e n z e n e  w a s h  t o w e r  in w h i c h  both oi l  v a p o r  and 
m o i s t u r e  a r e  r e m o v e d  b y  s c r u b b i n g  wi th  m e t h a n o l .  The  gas  is c o o l e d  by 
h e a t  e x c h a n g e  and f l ows  to the  h y d r o g e n  su l f ide  w a s h  t o w e r  w h e r e  it  is  
s c r u b b e d  by m e t h a n o l  c o n t a i n i n g  CO 2. The f ina l  s c r u b b i n g  t a k e s  p l a c e  in  
the  CO 2 w a s h  t o w e r .  Two s o l v e n t s  a r e  u s e d  in  t h i s  t o w e r .  The  g r e a t e s t  
s o l v e n t  f low is  f l a s h e d  m e t h a n o l , ,  wh ich  c o n t a i n s  s o m e  CO z. M e t h a n o l  f r e e  
of CO z is u s e d  at  the  top of the  t o w e r  fo r  the f ina l  wash .  The CO 2 h e a t  of 
a b s o r p t i o n  is  r e j e c t e d  by i n t e r m e d i a t e  s t r e a m  r e f r i g e r a t i o n  in the  a b s o r b e r ,  
P a r t  of the  CO2- r i ch  m e t h a n o l  is  u s e d  as s o l v e n t  in the  H2S w a s h  tower ; :  the  
r e m a i n d e r  f l ows  to the  s t r i p p i n g  s e c t i o n .  Cold, c l ean ,  p r o d u c t  gas  is  h e a t  
e x c h a n g e d  wi th  f e e d  gas  to r e d u c e  the p l a n t ' s  r e f r i g e r a t i o n  r e q u i r e m e n t s .  

The R e c t i s o l  p r o c e s s  is p r o p r i e t a r y ;  t h e r e f o r e ,  onl.y l i m i t e d  d e t a i l s  
a r e  p r e s e n t e d  h e r e .  D i s c u s s i o n  of the  s e c o n d  p a r t  of t h i s  t w o - s t a g e  p r o c e s s  
a p p e a r s  in Sec t ion  8 . 4 . 4 .  2. 

8 . 4 . 3 .  5 Sulfur  C l e a n - U p  Guard  .Beds 

Gas f r o m  the  R e c t i s o l  s c r u b b e r s  is c l ean  enough  to f e e d  d i r e c t l y  to the  
m e t h a n a t i o n  unit :  h o w e v e r ,  as  a d d i t i o n a l  p,rotect.ion fo r  the  m e t h a n a t i o n  
c a t a l y s t ,  su l fu r  g u a r d  beds  a r e  used .  T h e s e  f i xed  beds  a r e  c o n t a i n e d  in  two 
p a r a l l e l  v e s s e l s .  The  e n t e r i n g  gas  f lows  t h r o u g h  one or  the  o t h e r  of the  beds .  
Sulfur  c o m p o u n d s  c o n t a i n e d  i n  the  feed" gas  a r e  r e m o v e d  to v e r y  l o w  l e v e l s  
by c h e m i c a l  r e a c t i o n  wi th  the  bed  m a t e r i a l .  A p r o c e s s  f low d i a g r a m  is 
p r e s e n t e d  in F i g u r e  8-21 and s t r e a m  data  a p p e a r  in  T a b l e  8 - 1 1 .  

Zinc  oxide  was  c h o s e n  as  the  r e a g e n t  fo r  t h i s  d e s i g n .  It is e f f e c t i v e  in 
r e m o v i n g  only  HzS at the 1 1 7 ° F  t e m p e r a t u r e  used .  If a p p l i e d  f r o m  500 ° to 
700 °F, i t s  c a p a c i t y  f o r  su l fu r  is i n c r e a s e d  f r o m  3 to 17 w e i g h t  p e r c e n t  and 
o r g a n i c  su l fu r  c o m p o u n d s  as  we l l  as  H,S can  be r e m o v e d .  When the  z i n c  
ox ide  is spent ,  it wi l l  be r e t u r n e d  to the s u p p l i e r  fo~ r e c o v e r y .  

8-49 
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Table 8-I0. ACID-GAS REMOVAL STREAM DATA FOR THE 
HYGAS DEMONSTRATION PLANT 

Stream De scription 

St ream Numb er 

Weight Flow, ~M Ibs/hr 

MM SCFD, dry basis 

Density at Op. Conditions 

Temperature, "°F 

Pressure, psia 

Molecular Weight 

Component, rrlols/h r 

COz 
HzS 
H20 

Hz 
CO 
CH4 
CzH6 

C6H6 
GTH8+ 
GH3OH 

Total 

c4 

m~ 

.,4 

O 

44.01 
34.08 
18.02 

2.02 
28.01 
16,04 
30.08 

78.12 
94.06 
32.04 

O 

2506 

484 

220 

3.42 

70 

1096 

Z0.0 

6440.0 
280.3 
5.6 

9176.2 
• 2781.0 

5211..0 
190.0 

66.0 
4.4 

241 54.5 

o 

~ O m 

2601 

182 

156 

1.82 

117 

I061 

10.6 

Z5.6 
O. I ppm 

9123.4 
2776.8 
5195.4 

32.4 

0.6 

17154.2 

U 

! 

O~ 

2602 

261 

55 

0.13 

60 

16 .5  

43.2 

5810.0 
5 ppm 

mg 

52.5 
4.0 

13.3 
154.2 

D-- 

1.7 

6035.7 

" t  

A7506 1 666 
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Table 8-II. SULFUR CLEAN-UP GUARD BEDS SECTION STREAM 
DATA FOR THE HYGAS DEMONSTRATION PLANT 

S t r e a m  Desc r ip t i on  

S t r e a m  Number  

Weight  Flow, M l b s / h r  

MM SCFD, d r y  b a s i s  

Dens i ty  at Op. Condit ions 

Temperature, OF 

Pressure, psia 

Molecular Weight 

Component, mols/hr 

COS 
HzS 

H20 

CO 
Hz 
CH4 
CzH6 
CH3OH 

Total 

7 

~m 

2601 

182.0 

156 

1.82 

I17 

1059.7 

10.6 

25.6 
0.0017 

0 

2776.8 
9123.4 
5195.4 

32.4 
0.6 

17154.2 

4-; 

0 ~ 

2701 

182.0 
156 

1.81 

1i7 

1053 

10.6 

25.6.  
0 ,00034  
o 

.2776.8 
9123.4 
5195.4 

32.4 
0.6 

17154.2 

A7506 1667 
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M e t a l - o x i d e - p r o m o t e d  a c t i v a t e d  c a r b o n  is a p r a c t i c a l  a l t e r n a t i v e  r e a g e n t .  
It  is  e f f e c t i v e  n HzS r e m o v a l  on ly  and  m a y  not  be s a t i s f a c t o r y  w h e n  m u c h  
COS i s  p r e s e n t .  When  the  p r o m o t e d  c a r b o n  is spent ,  it c a n  be r e g e n e r a t e d  
in  p l a c e  u s i n g  a i r  and  s t e a m .  D u r i n g  r e g e n e r a t i o n ,  the  s u l f u r  is c o n v e r t e d  
to the  e l e m e n t a l  f o r m  and  is a b s o r b e d  by the c a r b o n .  Af t e r  s e v e r a l  c y c l e s ,  
elemental sulfur present interferes with the adsorption of sulfur compounds 
from the gas, and -the carbon must be replaced. 

8 . 4 .  3 . 6  M e t h a n a t i o n  

C l e a n e d  gas  e n t e r s  the  m e t h a n a t i o n  un i t  a t  a r a t e  of 156 m i l l i o n  S C F / d a y  
wi th  the  f o l l o w i n g  c o m p o s i t i o n :  

m o l  

CO 16 .2  

H z 53.2 

CH4 30.4 

C?.H6 0 . 2  

To ta l  100 .0  

The  m e t h a n a t i o n  un i t  c o n v e r t s  CO and H z to m e t h a n e  by the  fo l l owing  
r e a c t i o n :  

' C O  + 3H z-* CH 4 +  HzO 

E t h a n e  in  the  f e e d  g a s  is  h y d r o g e n a t e d  to  m e t h a n e .  The  530 B t u / S C F  h e a t i n g  
v a l u e  of the  f e e d  gas  is i n c r e a s e d  to 954 B t u / S C F  in the  d r y  g a s  l e a v i n g  the  
m e t h a n a t o r .  A p r o c e s s  f low d i a g r a m  is p r e s e n t e d  in F i g u r e  8-Z2 and  
s t r e a m  d a t a  a p p e a r  in T a b t e  8-1 2. 

The  m e t h a n a t i o n  r e a c t i o n  t a k e s  p l a c e  o v e r  a n i c k e l  c a t a l y s t  c o n t a i n e d  in 
fou r  f i x e d  b e d s .  • The  r e a c t i o n  t e m p e r a t u r e s  r a n g e  b e t w e e n  550 ° and 900 °F. 
The  r e a c t i o n  is  h i g h l y  e x o t h e r m i c ,  g e n e r a t i n g  94,860 B t u / m o l e  of CO r e a c t e d .  
The  m a i n  p r o b l e m  in the  d e s i g n  of th i s  un i t  i s  to p e r f o r m  m e t h a n a t i o n  to the  
d e s i r e d  e x t e n t  and r e m o v e  h e a t  u s e f u l l y  f r o m  the  p r o c e s s  .so tha t  the r e a c t i o n  
t e m p e r a t u r e s  w i l l  not  e x c e e d  9 0 0 ° F .  H i g h e r  t e m p e r a t u r e s  m a y  r e d u c e  
c a t a l y s t  a c t i v i t y  and  m a y  a l s o  r e s u l t  in c a r b o n  f o r m a t i o n  f r o m  the gas .  

In t h i s  d e s i g n ,  the  h e a t  of r e a c t i o n  is r e m o v e d  as  s e n s i b l e  h e a t  in the  
r e a c t o r  e f f l u e n t  gas .  By l i m i t i n g  the CO c o n t e n t  of the  r e a c t o r  in l e t  gas  to 
abou t  4~, the  o u t l e t  t e m p e r a t u r e  wi l l  not  e x c e e d  9 0 0 ° F  w h e n  the  in l e t  t e m -  
p e r a t u r e  is 550 °F.  The CO c o n t e n t  of t he  f e e d  is a d j u s t e d  by p r o d u c t  ga s  
r e c y c l e .  The  a m o u n t  of r e c y c l e i s  r e d u c e d  by i n c r e a s i n g  the  n u m b e r  of 
m e t h a n a t i o n  r e a c t o r s .  The  v o l u m e  of c a t a l y s t  u s e d  c o r r e s p o n d s  to a s p a c e  
v e l o c i t y  of 8000 h r  -1. The c a t a l y s t  is  c o n t a i n e d  in fou r  r e a c t o r s  in the ra t io ,  
f r o m  f i r s t  to l a s t  of 1-Z.4:8. The  i n l e i t e m p e r a t u r e  to e a c h  bed  is 5 5 0 ° F a n d  
the ou t l e t  t e m p e r a t u r e  is 9 0 0 ° F .  
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F e e d  gas  e n t e r i n g  the  f i r s t  bed r e p r e s e n t s  6 . 7 4  of the  to ta l .  Th i s  is 
b l e n d e d  w i t h  r e c y c l e  gas  to 4. Z4 CO con ten t ,  p r e h e a t e d  to 550°F ,  and fed  
to the  f i r s t  r e a c t o r .  The  r e s t  of the  f e e d  gas  is m i x e d  wi th  r e c y c l e  to ob ta in  

. a 7 . 9 4  CO c o n t e n t .  T h i s  m i x t u r e  is  t h e n  d i v i d e d  in the  r a t i o  1:2:4 and f ed  
to r e a c t o r s  2, 3, and 4. B e f o r e  e n t e r i n g  e a c h  of t h e s e  r e a c t o r s ,  9 0 0 ° F  
p r o d u c t  gas  f r o m  the  p r e c e d i n g  r e a c t o r  j o i n s  the  feed ,  p r e h e a t i n g  it  to 5 5 0 ° F  
and  r e d u c i n g  the  CO c o n t e n t  to 4 .2~ .  E f f l u e n t  f r o m  the  f o u r t h  r e a c t o r  h e a t s  
f e e d  gas  f l owing  to the  f i r s t  r e a c t o r ,  and t h e n  g e n e r a t e s  250 p s ig  and  50 p s i g  
s t e a m  b e f o r e b e i n g  c o o l e d  to 150°F .  S e p a r a t e d  gas  is c o m p r e s s e d  f o r  r e -  
c y c l e  to the  m e t h a n a t i o n  r e a c t o r s  and to boos t  the  f ina l  p r o d u c t  ga s  p r e s s u r e .  
S e p a r a t e d  w a t e r  is  u s e d  to s c r u b  a m m o n i a  f r o m  gas  in  the  a m m o n i a  s c r u b  
s e c t i o n .  

] 

8 . 4 .  3. 7 P r o d u c t  Gas  D r y i n g  

The  p roduc t -  ga s  is  d r i e d  to  a m o i s t u r e  c o n t e n t  of l e s s  t han  7 l b / m i l l i o n  
S C F  by s c r u b b i n g  wi th  13 gpm of t r i e t h y l e n e  g lyco l .  The d r i e d  gas  d e w  po in t  
i s  --40 °F.  A c o n v e n t i o n a l  g l y c o l  a b s o r p t i o n - s t . r i p p i n g  p l a n t  is  u s e d .  The  
80 m i l l i o n  S C F / d a y  of p r o d u c t  gas  h a s  a t e m p e r a t u r e  of l 1 5 ° F  and  a 1035-  
p s i g  p r e s s u r e ,  and the  f o l l o w i n g  c o m p o s i t i o n :  

CH4 ~ 91 .9  tool  

H z 8 . 0  too l  ~ 

CO T r a c e  (160 ppm) 

HzO T r a c e  (120 ppm) 

CO 2 0. 1 too l  

To ta l  100 .0  

I ts  h e a t i n g  v a l u e  is  954 B t u / S C F ,  and  it  is c o m p l e t e l y  i n t e r c h a n g e a b l e  w i th  
n a t u r a l  gas .  A p r o c e s s  f low d i A g r a m  is p r e s e n t e d  in F i g u r e  8 -23  and  
d e t a i l e d  s t r e a m  da ta  a p p e a r  in  Tab le  8 -13 .  

k 

8 . 4 . 4  P r o c e s s  S e c t i o n  E n v i r o n m e n t a l  C o n t r o l  Uni ts  

" T h e s e  u n i t s  h a n d l e  and  d i s p o s e o f  s ide  s t r e a m s  f r o m  the  rna in  p r o c e s s  
f low.  T h e y  a r e  shown in  F i g u r e  8 - 2 4 .  P o t e n t i a l  p o l l u t a n t s  t h a t  a r e  r e -  
c o v e r e d  o r  t r e a t e d  in t h e s e  u n i t s  i n c l u d e  d i s s o l v e d  g a s e s ,  oil ,  s u l f u r  c o m -  
pounds ,  amh~on ia ,  phenol ,  and h e x a v a l e n t  c h r o m e  sa l t s .  

8 . 4 . 4 . 1  Oil  S t a b i l i z a t i o n  

' The p u r p o s e ,  of t h i s  u n i t  i s  to s ta 'b i l ize  the  g a s s y  oil  r e c o v e r e d  in  the  r a w  
g a s  q u e n c h  b e f o r e  the o i l  is  r e c y c l e d  to c h a r  f e e d  p r e p a r a t i o n .  Oil  f e ed  is 
f l a s h e d  in t h r e e  d e p r e s s u r i z i n g  s t a g e s .  The  a t m o s p h e r i c - p r e s s u r e  s e p a r a t i n g  
v e s s e l  is  m a i n t a i n e d  at  1 5 0 ° F  by s t e a m  h e a t i n g .  The  s t a b i l i z e d  oi l  is  p u m p e d  
to s t o r a g e  and  f r o m  t h e r e  i t  is r e c y c l e d  to c h a r  f e e d  p r e p a r a t i o n .  The  ne t  
oil  m a k e  i s  w i t h d r a w n  at  a r a t e  of abou t  1000 b b l / d a y .  The  f l a s h e d  g a s e s  
f r o m  e a c h  s t a g e  a r e  c o m p r e s s e d  to t h e : p r e c e d i n g  h i g h e r  p r e s s u r e  s t age .  
Gas c o m p r e s s e d  f r o m  the  h i g h e s t  p r e s s u r e  fl .ash d r u m  r e e n t e r s  the  m a i n  

8 -58 
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Table 8-13. PRODUCT GAS DRYING STREAM DATA FOR 
THE HYGAS DEMONSTRATION PLANT 

Stream Des c ription 

Stream Number 

Weight Flow, M Ibs/hr 

MM SCFD, dry basis 

Density at Op° Conditions 

Temperature, ° F 

Pressure, psia 

• Molecular Weight 

Fuel Equivalent 

Component, tools/hr 

COz 
HzO 

Hz 
CO 
CH4 

T oral 

u.c 

o 

u 

0 0 

n u  

2809 2901 

131.2 131.2 

7 9 . 7  7 9 . 7  

2.57 2.57 

llO I15 

I0 55 I0 50 

"14.95 14.95 

8225 8~Z5 

2902 

~ g  

4 4 . 0 1  9 .  5 9 . 5  - -  
1 8 . 0 2  I 0 . 5  1 . O  9 . 5  

Z. OZ 6 9 9 . 8  6 9 9 . 8  - -  
Z8 .01  1 . 4  1 . 4  - -  
16.04 8049.3 8049.3 -- 

8770.5 8761.0 9.5 

I 

k 

A 7 5 0 6  1669 
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f low s t r e a m  a f t e r  shi f t  c o n v e r s i o n  a n d  b e f o r e  the  a m m o n i a  s c r u b  s e c t i o n .  
S o m e  d i s s o l v e d  w a t e r  s e p a r a t e s  f r o m  the  oil  in  the  f i r s t  f l a s h  s e p a r a t o r .  It  
is  s e n t  to the  a m m o n i a  s e p a r a t i o n  p r o c e s s  unit .  A p r o c e s s  f low d i a g r a m  is 
p r e s e n t e d  in F i g u r e  8-Z5 and s t r e a m  da ta  a p p e a r  in T a b l e 8 - 1 4 .  

8 . 4 . 4 . 2  A c i d - G a s  S t r i pp ing  (Rec . t i so l )  " 

T h i s  is the  s t r i p p i n g  s e c t i o n  o.f the R e c t i s o l  unit .  T h r e e  m e t h a n o l  f eed  
s t r e a m s  e n t e r  t h i s  p a r t  of the p lant :  One c o n t a i n s  b e n z e n e  and w a t e r  as  the  
m a i n  i m p u r i t i e s ,  a n o t h e r  c o n t a i n s  d i s s o l v e d  HzS and  CO z, and  the  t h i r d  c o n -  
t a i n s  CO z. Ne t  p r o d u c t s  f r o m  the  s t r ' ipp ing  uni t  i n c l u d e  a C O z - r i c h  gas  
c o n t a i n i n g  l e s s  t han  5 ppm HzS, an H z S - r i c h  s t r e a m  c o n t a i n i n g  m o r e  t han  
25,~ HzS , and a l i qu id  b e n z e n e  s t r e a m .  Th i s  unit  c o n t a i n s  six s e p a r a t i o n  
c o l u m n s ,  a r e c y c l e  c o m p r e s s o r ,  p lus  a u x i l i a r y  e q u i p m e n t .  The f low s c h e m e  
is c o m p l e x  and  a d e t a i l e d  d e s c r i p t i o n  wi l l  not  be g iven ;  h o w e v e r ,  a p r o c e s s  
f low d i a g r a m  i s ' p r e s e n t e d  in F i g u r e  8 -26  and s t r e a m  da t a  a p p e a r  in 
T a b l e  8 -15 .  

M e t h a n o l - c o n t a i n i n g  b e n z e n e  and w a t e r  is  d i l u t e d  wi th  a d d i t i o n a l  w a t e r  to 
s e p a r a t e  the d i . s so lved  b e n z e n e .  Then  the  m e t h a n o l - w a t e r  m i x t u r e  is d i s -  
t i l l e d  fo r  r e c o v e r y  of the  m e t h a n o l .  M e t h a n o l  f r o m  the  H2S and the  COz 
a b s o r b e r s  is s t r i p p e d  in s e p a r a t e  t o w e r s  to r e m o v e  d i s s o l v e d  m e t h a n e ,  w h i c h  
is r e c . o m p r e s s e d  to the  m a i n  gas  f low s y s t e m .  The  CO2 c o n t e n t  of the HzS- 
r i c h  m e t h a n o i  i s  r e d u c e d  by s t r i p p i n g  at  l o w e r  p r e s s u r e ,  and t h e n  H z S - r i c h  
gas  is r e c o v e r e d  by h e a t i n g  the  so lven t .  The C O z - r i c h  m e t h a n o l  is  s t r i p p e d  
by f l a s h i n g .  

The  R e c t i s o l  p r o c e s s  is e f f e c t i v e  in  c l e a n i n g  coa l  g a s i f i c a t i o n  g a s e s ,  and 
the  q u a l i t y  of the r e c o v e r e d  a c i d - g a s  s t r e a m  is good. U n d e s i r a b l e  p r o c e s s  
f e a t u r e s  i n c l u d e  the  c o m p l e x  f low s c h e m e ,  the need  fo r  r e f r i g e r a t i o n ,  and 
the l o s s  of abou t  o n e - h a l f  of the  e t h a n e  in the  f e e d  gas  w h i c h  is f i n a l l y  p r o -  
d u c e d  in the  C O z - r i c h  gas .  The  2 . 5 ~ : e t h a n e  c o n t e n t  of th i s  gas  is h igh .  
e n o u g h  t h a t  the  s t r e a m  c a n n o t  be ve.nted d i r e c t l y  to the a t m o s p h e r e .  The 
C O z - r i c h  gas  is u s e d  as  i n e r t g a s  in the  coa l  p r e t r e a t m e n t  s tep  b e f o r e  it is  
f i n a l l 9  b u r n e d  in the  b o i l e r .  The. H z S - r i c h  gas  f lows  to t h e  C l a u s  p r o c e s s ,  
and the  r e c o v e r e d  b e n z e n e  to c h a r  f e e d  p r e p a r a t i o n .  A v e r y  s m a l l  ne t  
w a t e r  f l ow is p r o d u c e d  w h i c h  p a s s e s  to w a s t e  w a t e r  d i s p o s a l .  

8 . 4 . 4 .  3 A m m o n i a  S e p a r a t i o n  (Ph.osam) 
\ 

The a m m o n i a  s e p a r a t i o n  uni t  r e c e i v e s  p r o c e s s  w a t e r ' f r o m  the a m m o n i a  
s c r u b  s e c t i o n ,  the  oi l  s t a b i l i z a t i o n  s e c t i o n ,  and the  r a w  gas  q u e n c h  s e c t i o n  
of the  p lan t .  The  w a t e r  is r i c h  in d i s s o l v e d  a m m o n i a ,  h y d r o g e n  su l f ide ,  and  
c a r b o n  d iox ide .  T h i s  p l a n t  s t r i p s  the  d i s s o l v e d  gas  f r o m  t h e . w a t e r  and 
r e c o v e r s  an a m m o n i a  p r o d u c t .  A p r o c e s s  f low d i a g r a m  is p r e s e n t e d  in 
F i g u r e  8 -27  and s t r e a m  d a t a a p p e a r  in Tab le  8 - 1 6 .  

' S t e a m - s t r i p p i n g  is u s e d  to r e m o v e  .the d i s s o l v e d  g a s e s  f r o m  the p r o c e s s  
w a t e r  feed .  M a j o r  c o m p o n e n t s  of the  s t r i p p e d  gas  a r e  NH 3, HzS, COz, and 
HzO wi th  a s m a l l  a m o u n t  of l igh t  h y d r o c a r b o n s .  A m m o n i a  is s e l e c t i v e l y  
r e m o v e d  f r o m  th i s  gas  by the  P h o s a m  p r o c e s s ,  a d e v e l o p m e n t  of the  Uni ted  
S t a t e s  S t ee l  E n g i n e e r s  and  C o n s u l t a n t s ,  I n c . ,  a s u b s i d i a r y  of U . S .  S t ee l  C o r p .  

8-6Z 
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Table 8-15. ACID-GAS STRIPPING SECTION STREAM 
THE HYGAS DEMONSTRATION PLANT 

DATA FOR 

Stream Description 

Stream Number 

Weight Flow, M Ibs/hr 

MM SCFD, dry-basis 

Density at Op. Conditions 

• Temperab/re, ° F 

Pressure, psia 

Molecular W e i g h t  

Component, tools/hr 

COz 
HzS 
HzO 

Hz 
CO 
CH4 
CzH6 

C6H6 
CvHs+ 
CH3OH 

Total 

al 

o , . C  

I - - 4  . , - - ,  

O o 

4 4 . 0 1  
3 4 . 0 8  
1 8 . 0 2  

Z . 0 Z  
Z8,. 01 
1 6 . 0 4  
3 0 . 0 8  

78 .  l Z  
94.06 
3 2 , 0 4  

~ 0 o ~ l  

N O m,n~ 
cO hr~ .,-" 

3601 " 3602 

5.7 36.3 

-- 8.1 

51. Z O. Z7 

64 36 

60 35 

7 6 . 4  4 0 . 7  

0.5  603.9 
0 . 4  Z 7 9 . 9  

m ~  N m  

- -  0 . 3  
- -  0 . 2  
- -  2 . 3  

0 . 1  3 . 3  

6 5 . 8  0 .  Z 
4 . 4 =  - -  
3 . 4  0 . 8  

7 4 . 6  8 9 0 . 9  

0 ~ 

360 5 

0 . 1  

5 7 . 3  

3O0 

59 

18 

5 . 6  

m m 

M - -  

5.6 
K 
7 

A 7 5 0 6  1 671 

8 - 6 6  
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_) 

In the P h o s a m  p r o c e s s ,  the s t r i p p e d  g a s e s  a r e  s c r u S b e d  in an a b s o r b e r  
.by an a q u e o u s  s o l u t i o n  of a m m o n i u m  p h o s p h a t e ,  w h i c h  s e l e c t i v e l y  r e m o v e s  
a m m o n i a  f r o m  the  gas .  Gas f r o m  the a b s o r b e r  c o n t a i n s  l e s s  t han  200 ppm 
of a m m o n i a  and it is c o o l e d  b e f o r e  f lowing  o n  to the Claus .  p lant .  The  r i c h  
s o l u t i o n  f r o m  the  a b s o r b e r  is f l a s h e d  to r e m o v e  d i s s o l v e d  a c i d ' g a s e s  and 
then  is s t r i p p e d  of  e x c e s s  a m m o n i a  and w a t e r .  The r e g e n e r a t e d  s o l u t i o n  is  
c o o l e d / a n d  r e c i r c u l a t e d  to the  a b s o r b e r .  The a m m o n i a - w a t e r  o v e r h e a d  of 
the  s t r i p p e r  is f ed  to a d e h y d r a t o r  t o w e r  f r o m  w h i c h  an o v e r h e a d  p r o d u c t  
of 30 t o n s / d a y  of a n h y d r o u s  a m m o n i a  is p r o d u c e d .  W a t e r  f r o m  the  d e h y -  
d r a t o r  f lows  to w a s t e  w a t e r  t r e a t m e n t .  

8 . 4 . 4 . 4 .  Su l fu r  Recoy , e ry  (C laus  P l a n t  ) 
J / 

The C laus  p l a n t  c o n v e r t s  HzS to e l e m e n t a l  s u l f u r  by t h e s e  c h e m i c a l  
r e a c t i o n s  : 

HzS + 1 . 5 0 z ' ~ : H z O +  SOz 

2HzS + SOz -* ,ZHzO +. 3S 

Two reactor stages are used, which results in greater than 93~ sulfur re- 
covery. A process flow diagram is presented in Figure 8-28 and' stream 
data appear in Table 8-17. 

Two s o u r c e s  of f e e d  gas  e n t e r  the plant .  The  l a r g e s t  f low is f r o m  the  
a c i d - g a s  s t r i p p i n g  s e c t i o n  and the o t h e r  f r o m  the  a m m o n i a  s e p a r a t i o n  p lan t .  
O r l e - t h i r d  of the  t o t a l  a c i d  gas  is b u r n e d  i'n the  n o n c a t a l y t i c  f u r n a c e  and i t s  
hea t  of c o m b u s t i o n  g e n e r a t e s  250 ps ig  s t e a m .  C o m b u s t i o n  g a s e s  a r e  m i x e d  
wi th  b y p a s s  gas  to y i e l d  the  d e s i r e d  HzS/SO z r a t i o  of 2. tn the f i r s t  s t a g e  
r e a c t o r ,  HzS and SO 2 r e a c t  ove r  a baux i t e  c a t a l y s t  in the  460 ° to 6 6 0 ° F  
t e m p e r a t u r e  r a n g e .  E f f l u e n t  gas  i s  coo led ,  and c o n d e n s e d  su l fu r  is  s e p a r a t e d .  

R e h e a t e d  gas  f l ows  to the  s e c o n d - s t a g e  r e a c t o r ,  w h e r e  a d d i t i o n a l  s u l f u r  
A f t e r  c o n d e n s i n g  and s e p a r a t i n g  the su l fu r  p r o d u c t ,  the t a i l  gas  is f o r m e d .  

f lows  on to i n c i n e r a t i o n .  -It  c o n t a i n s  s l i g h t l y  m o r e  than  1~ of  su l fu r  c o m -  
pounds ,  w h i c h  a r e  m o s t l y  u n r e a c t e d  HzS a n d  SO z. O t h e r  s u l f u r  c o m p o u n d s  in 
the  ta i l  ga s  a r e  COS, CS z, su l fu r  v a p o r ,  and l i q u i d  su l fu r  m i s t .  L i q u i d  
su l fu r  is c o l l e c t e d  in a pit,  f r o m  w h i c h  it  i s p u m p e d  to s o l i d s  s u l f u r  s t o r a g e .  
About  100 long  t ons  of s u l f u r / d a y  a r e  p r o d u c e d .  

• . 8 . 4 . 4  5 I n c i n e r a t i o n  and Ta i l  Gas T r e a t m e n t  

The  t a i l  gas  f r o m  the  C laus  p lan t  is  too p o l l u t i n g  to v e n t  d i r e c t l y  to the  
a t m o s p h e r e .  The  t a i l  gas  i s  c o m b i n e d  wi th  sou r  v e n t  gas  f r o m  the  c h a r  
f eed  p r e p a r a t i o n  s e c t i o n  and b u r n e d  to conve ' r t  a l l  of the s u l f u r  to SOz. The 
c o m b u s t i o n  g a s e s  a r e  t h e n  s c r u b b e d  by a l i m e s t o n e  s l u r r y  to r e m o v e  SO,. 
b e f o r e  r e l e a s e  to the  s tack .  The l i m e s t o n e  s c r u b b i n g  t o w e r  is  16ca ted  n e a r  
the C l a u s  uni t .  It r e c e i v e s  a s l u r r y  s l i p s t r e a m  f r o m  a c e n t r a l  l i m e s t o n e  
s l u r r y  supp ly  s y s t e m  tha t  a l so  s u p p l i e s  s l u r r y  to t h e  p o w e r  p l an t  s t a c k  
s c r u b b e r s  (s,ee F i g u r e s  8-29  and  8 - 3 0 ) .  

8-69. 
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8 . 4 . 4 . 6  Was te  W a t e r  T r e a t m e n t  

The w a s t e - w a t e r  t r e a t m e n t  s y s t e m  w a s  d e s i g n e d  to m e e t  the s t a n d a r d s  of 
the  Sta te  of : I l l inois .  S e v e r a l  d i f f e r e n t  s o u r c e s  of w a s t e  w a t e r  e n t e r  t h i s  
s y s t e m .  The  f low r a t e s  of t h e s e  s t r e a m s ,  t h e i r  c o n t a m i n a n t s ,  and the  
m e t h o d s  of t r e a t m e n t  u s e d  a r e  d i s c u s s e d  ( see  F i g u r e s  8-31 and  8 - 3 2 ) .  

The process and power plant cooling towers blow down about 800 gpm of 
water to control dissolved solids buildup to I000 ppm. A chromate corrosion 
inhibitor is used in conditioning cooling tower water. The 20 milligrams per 
liter (mg/~) Of hexavalent chrome in the blowdown water must be reduced to 
trivalent chrome so that chromic: hydroxide can be precipitated by lime 
addition. The reduction is perfdi'med using sodium bisulphite or SO z. After 
precipitation in the hydroxide form, less than I mg/£ of trivalent chrome is 
contained in the treate'd: water (see Figure 8-33), 

Part of the treated cooling-tower blowdown water joins the plant effluent 
and the remainder is used as hnakeup in the limestone slurry section. Coal- 
pretreatment quench-section water supplies the rest of the water makeup to 
tl~e limestone slurry system. About two-thirds of the water entering the 
limestone slurry system is lost by evaporation; the rest is associated with 
the gypsum cake discharged from the system. 

. _% 

E x c e s s  w a t e r  f l o w s  f r o m  the  Char r e c o v e r y  un i t  a t  495 gpm.  T h i s  w a t e r  
is contaminated by 1600 mg/£ of NH a, 370 mg/~ of HzS, 420 mg/£ of oil, and 
I0 mg/£ of phenolic material., Water from the ammonia separation section 
c o n t a i n i n g  a m m o n i a  and c a u s t i c  (1500 m g / ~  ) j o i n s  the  c h a r  r e c o v e r y  w a t e r  
a t  a. ~ate of 38 gpm.  The c o m b i n e d  s t r e am,  is  s t r i p p e d  to r e d u c e  i t s  NH 3 and  
HzS c o n c e n t r a t i o n s  to b e l o w  100 ppm.  The  s t r i p p e d  w a t e r  is  j o i n e d  by r e g e n -  
e r a t i o n  w a t e r  f r o m  the  p o w e r  p l an t  w a t e r - t r e a t m e n t  f a c i l i t i e s  and w a t e r -  
s o f t e n e r  b a c k . w a s h w a t e r .  T h e s e  two s t r e a m s  c o n t a i n  abou t  1000 ppm of 
t o t a / . d i s s o l v e d  sd I ids ,  a n d . t h e i r  a v e r a g e  f low r a t e  i s  570 gpm.  An a d d i t i o n a l  
0, 2 gpm of w a t e r  cont .a ining 100 m g / £  of m e t h a n o l  f r o m  the  a c i d - g a s  s t r i p p i n g  
s e c t i o n  j o i n s  the  above  .wa te r  s t r e a m s  as  t h e y  f low in to  the  a e r a t e d  l agoon .  

The a e r a t e d  lagoon,  i s  d e s i g n e d  to t r e a t  1 . 6  m i l l i o n  g a l / d a y  w i th  a h o l d i n g  
t i m e  of.2 d a y s .  T h e  l a g o o n  has  a dep th  of 10 f ee t  and  a s u r f a c e  a r e a  of about  
1 a c r e .  T h r e e  f l o a t i n g  a e r a t o r s  coo l  the w a t e r  and  r a i s e  the  d i s s o l v e d  o x y g e n  
c o n t e n t  f o r  b i o l o g i c a  ~ t r e a t m e n t .  

L ,  

F r o m  the  a e r a t i o n  . lagoon, the  water ,  e n t e r s  a t w o - s t a g e ,  a c t i v a t e d  s ludge  
s y s t e m  w h i c h  u s e s  an e n r i c h e d  o x y g e n ' a t m o s p h e r e .  The  f i r s t  s t age  r e m o v e s  
HzS and o r g a n i c  m a t e r i a l .  The s e c o n d  s t age  remo~res  NH 3. The  HzS is c o n -  
v e r t e d  to s u l f i t e s  'or su l f a t e s ,  NH s to n.i tr 'ates,  and t h e  o r g a n i c  m a t e r i a l  to 
w a t e r ,  CO z, and a b i o l o g i c a l  ce l l  m a s s .  Th i s  s y s t e m  d i f f e r s  f r o m  a c o n v e n -  
t i o n a l  s ludge  s y s t e m  in i ts  u se  of o x y g e n  i n s t e a d  of a i r ,  the  c o v e r i n g  of the 
a c t i v a t e d  s l udge  t a n k s ,  and  the  i n t e r n a l  p a r t i t i o n i n g  of the  s ludge  t anks .  
Was t ed  s l udge  is o x i d i z e d  ~n a e r o b i c  d i g e s t i o n  t a n k s  u s i n g  w a s t e  gas  f r o m  
the a c t i v a t e d  s l udge  t anks .  

B lowdown s t r e a m s  a r e  c o l l e c t e d  f r o m  p r o c e s s  s t e a m  g e n e r a t o r s ,  f r o m  
the  h i g h - p r e s s u r e  p r o c e s s  b o i l e r ,  and  f r o m  the  e l e c t r o t h e r m a l  g a s i f i e r  
p o w e r - p l a n t  b o i l e r .  The to t a l  f l ow  r a t e  i s  abou t  206 g p m  and  the  d i s s o l v e d  

8 -74 
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s o l i d s  c o n t e n t  a v e r a g e s  abou t  2000 ppm.  T h e s e  s ~ r e a m s  a r e  m i x e d  wi th  p a r t  
of the  t r e a t e d  c o o l i n g - t o w e r  b lowdown and wi th  al l  of the  w a t e r  f r o m  the  two-  
s t age  b i o l o g i c a l  t r e a t m e n t .  The c o m b i n e d  s t r e a m  r e p r e s e n t s  the  t r e a t e d  
p l a n t  e f f l u e n t  w a t e r  and f l ows  at  a r a t e  of 2 . 4  m i l l i o n  g a l / d a y .  The  w a t e r  
c o n t a i n s  500 ppm of to ta l  d i s s o l v e d  so l ids ,  5 pprn of HzS, 2 . 5  ppm of a m m o n i a ,  

- and l e s s  t han  0 . 2  ppm of pheno l s .  

8 . 4 . 5  U t i l i t i e s  and M i s c e l l a n e o u s  Supp.ort 

F i g u r e  8 -34  shows  the i n t e r r e l a t i o n s h i p  of the  u t i l i t i e s  and o t h e r  
m i s c e l l a n e o u s  s u p p o r t i n g  f a c i l i t i e s .  F i g u r e  8 - 3 5  is a p r o c e s s  f low 
d i a g r a m  of the  s t e a m  and w a t e r  u t i l i t i e s  f o r  the HYGAS d e m o n s t r a t i o n  
p lan t .  A p r o p o s e d  s i te  p l an  is shown in F i g u r e  8-36,  and a p r o p o s e d  
p lo t  p l an  is p r e s e n t e d  in  F i g u r e  8 -37 .  

8 . 4 . 5 . 1  W a t e r  T r e a t m e n t  "-~ 

The q u a l i t y  of the  l o c a l  w a t e r  supp ly  and i ts  s p e c i f i c  t r e a t m e n t  w e r e  n o t  
.known b e c a u s e  the  p lant  s i t e  h a s  not  b e e n  s e l e c t e d ;  h o w e v e r ,  c l e a n  p r e -  
t r e a t e d  w a t e r  w a s  a s s u m e d  fo be a v a i l a b l e  a t  the  p l a n t  b a t t e r y  l i m i t s .  F e e d -  
w a t e r  to the  h i g h - p r e s s u r e  b o i l e r s  is d e m i n e r a l i z e d  and  d e i o n i z e d :  the  e s t i -  
m a t e d  r e q u i r e m e n t  is 1130 gpm.  So f t ened  w a t e r  a t  4100 gpm is  s u p p l i e d  to 
l o w - p r e s s u r e  s t e a m  g e n e r a t o r s  and fo r  c o o l i n g - t o w e r  m a k e u p .  A l l o w i n g  
f o r  d e m i n e r a l i z e r  and s o f t e n e r  r e g e n e r a t i o n ,  b a c k w a s h  r e q u i r e m e n t s ,  u t i l i t y  
and f i r e  p r o t e c t i o n  n e e d s ,  and w a t e r  fo r  d r i n k i n g  and  s a n i t a r y  f a c i l i t i e s ,  t/~e 
to t a l  w a t e r  r e q u i r e m e n t  is abou t  6500 gpm.  

In the  g a s i f i c a t i o n  p r o c e s s ,  520 gpm of w a t e r  is c h e m i c a l l y  c o n s u m e d .  
B o i l e r  b l o w d o w n  r e q u i r e s  206 gpm of w a t e r  and c o o l i n g  t o w e r  e v a p o r a t i o n  
and b lowdown  a m o u n t s  to 3600 gpm.  The. w e t  l i m e s t o n e  s c r u b b i n g  s y s t e m  
r e q u i r e s  460 gpm,  w h i c h  is e v a p o r a t e d  o r  l o s t  as  m o i s t u r e  in the  s o l i d s  
p r o d u c t .  The  r e m a i n i n g  q u a n t i t y  of w a t e r  l e a v e s  the  p lan t  as  t r e a t e d  w a s t e  
w a t e r .  

8.4.5.2 Boilers and Power Plant 

To s u p p l e m e n t  the  s a t u r a t e d  1 2 5 0 - p s i g  s t e a m  g e n e r a t e d  in the m a i n  
r e a c t o r  w a t e r  j a c k e t ,  a 400,000 l b / h r  h i g h - p r e s s u r e  p r o c e s s  b o i l e r  is u s e d  
w h i c h  g e n e r a t e s  both s a t u r a t e d  and s u p e r h e a t e d  1 2 5 0 - p s i g  S t eam.  At 
s e v e r a l  l o c a t i o n s  in the p r o c e s s  250- ,  100- ,  and 5 0 - p s i g  s t e a m  is g e n e r a t e d .  
The l o w e r  p r e s s u r e  s t e a m  is  u s e d  m a i n l y  f o r  t u r b i n e  d r i v e s ,  f o r  hea t i ng ,  
and fo r  d e a e r a t i o n .  The h i g h - p r e s s u r e  s t e a m  is  u s e d  in the  g a s i f i e r  r e a c t o r  
and  in the  shi f t  c o n v e r s i o n  unit .  

The e l e c t r o t h e r m a l  g a s i f i e r  r e q u i r e s  110,000 kW of e l e c t r i c i t y .  Th i s  
p o w e r  is  g e n e r a t e d  by an  i n - p l a n t  b o i l e r  t u r b i n e - g e n e r a t o r  se t ,  w h i c h  is 
f u e l e d  by c h a r  p r o d u c e d  f r o m  the EG uni t  and  by p r e t r e a t e r  o f f - g a s .  
I n c l u d i n g  a s s o c i a t e d  a u x i l i a r i e s  and c o n t r o l s ,  a to t a l  p o w e r  p lan t  c a p a c i t y  
of 116 MW is n e e d e d .  The  s u p e r h e a t - r e h e a t  s t e a m  b o i l e r  o p e r a t e s  at  
1800 ps ig ,  1 0 0 0 ° F  s t e a m  c o n d i t i o n s ,  and 3 . 5 - i n .  Hg of t u r b i n e  e x h a u s t  
p r e s s u r e .  The  s y s t e m  is d e s i g n e d  to u t i l i z e  a v a i l a b l e  h e a t  f r o m  p r o c e s s  
un i t s  f o r . f e e d w a t e r  h e a t i n g .  

8-78 
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P l a n t  p o w e r  r e q u i r e m e n t s ,  a s i d e  f r o m  the  EG unit ,  a m o u n t  to 40,000 kW. 
P u r c h a s e d  p o w e r  fu l f i l l s  th i s  r e q u i r e m e n t .  ' ' " 

8 .4 .  5 .3  P o w e r  P l a n t  S t a c k - G a s  S c r u b b i n ~  and L i m e s t o n e  S l u r r y  Supply 

The e l e c t r o t h e r m a l  g a s i f i e r  c h a r  which  is u s e d  to fuel  t he  b o i l e r s  and 
p o w e r  p lan t  c o n t a i n s  2. 75% su l fu r  and 37.8% ash.  Sulfur  c o n t e n t  of the  fue l  
is  h igh  enough  tha t  e q u i p m e n t  m u s t  be p r o v i d e d  to s c r u b  the p o w e r  p lan t  
s t ack  gas  fo r  SO z remo.val .  About  60 t o n s / h r  of e l e c t r o t h e r m a l  g a s i f i e r  
c h a r  is  the  p r i m a r y  b o i l e r  fuel :  the  s e c o n d a r y  fue l  is o f f - g a s  f r o m  coal  
p r e t r e a t m e n t  wh ich  ha s  a h e a t i n g  va lue  of 39 B t u / S C F  and c o n t a i n s  0.45% 
SO z. The p o w e r  p l an t  f lue g a s  f low wil l  be about  844,000 ac tua l  C F / m i n  
at 300°F  and 14.2  ps ia .  It wi l l  con ta in  0. Z9% SO z. This  r e p r e s e n t s  about  
45% of the  su l fu r  c o n t a i n e d  in the f e e d  coal .  

A wet  l i m e s t o n e  s c r u b b i n g  s y s t e m  was  s e l e c t e d  to c l e a n  tt~e p o w e r  p lan t  
s t ack  gas  p r i m a r i l y  b e c a u s e  it a p p e a r s  to be the  s t a c k - s c r u b b i n g  s y s t e m  
wh ich  wi l l  be m o s t  w i d e l y  u s e d  by the u t i l i t y  i n d u s t r y ,  Wet l i m e s t o n e  
s c r u b b i n g  is u s e d  not  only to c l e a n  ,the b o i l e r  s t a c k  g a s e s ,  but a l so  to 
s c r u b  a r e l a t i v e l y  s m a l l  i n c i n e r a t e d  s t r e a m  of Claus  p l an t  t a i l  gas .  

• The l i m e s t o n e  m a k e u p  r a t e  to the  s l u r r y  supply  s y s t e m  is  ZZ t o n s / h r .  
Th is  r e p r e s e n t s  a s t o i c h i o m e t r i c  e x c e s s  of 50 ~ l i m e  s tone  . M o i s t  s p e n t  
s tone  for  d i s p o s a l  a m o u n t s  to 53 t o n s / h r .  The gas  to be c l e a n e d  e n t e r s  the  
coo l ing  s e c t i o n  of the  s c r u b b e r  w h e r e  it is s a t u r a t e d  wi th  m o i s t u r e  at a 
t e m p e r a t u r e  r a n g i n g  f r o m  115 ° to 135°F.  F l y  ash  is a l so  r e m o v e d  d u r i n g  
the  coo l ing  p r o c e s s .  The s a t u r a t e d  gas t h e n  e n t e r s  the  : s c r u b b e r  a b s o r p t i o n  
s e c t i o n  w h e r e  t h e  SOz c o n t e n t  of t h e  gas  is  r e d u c e d  by r e a c t i o n  wi th  l i m e s t o n e  
s l u r r y  to f o r m  c a l c i u m  sIufi te  and s o m e  , ca lc ium sul fa te .  F o r m a t i o n  of 
c a l c i u m  su l fa te  m a y  c a u s e  s c a l i n g  p r o b l e m s .  To r e d u c e t h i s  p r o b l e m ,  the  
s l u r r y  c o n c e n t r a t i o n  in  the  s c r u b b e r  r e c y c l e  s t r e a m  is  h e l d  f r o m  5 to 10~. 
E f f l u e n t ' s l u r r y  f r o m ' t h e  s c r u b b e r  f lows  to a t h i c k e n e r  and f r o m  •there  .to an 
a sh  pond or  f i l t e r .  U l t i m a t e  d i s p o s a l  of the  spen t  s tone  wi l l  be in the  coal  
m i n e .  The r e m a i n i n g  suppo r t  f a c i l i t i e s  a r e  d e s c r i b e d  b r i e f ly .  

8 .4 .  5 .4  A s h  Hand l in~  

The to ta l  a s h  p r o d u c t i o n  r a t e  f r o m  the b o i l e r  is e s t i m a t e d  to be about  
26 t o n s / h r .  Mo l t en  a s h  f r o m  the s l agg ing  b o i l e r  d i s c h a r g e s  f r o m  the  f u r n a c e  
bo t tom in a c o n t i n u o u s  s t r e a m  into w a t e r - f i l l e d  s lag  t anks .  The s o l i d i f i e d  
a sh  in w a t e r  s l u r r y  is  p e r i o d i c a l l y  t r a n s f e r r e d  to d e w a t e r i n g  bins  . f rom 
wh ich  c o n v e n t i o n a l  d r y  a sh  is t r a n s f e r r e d  into the coa l  m i n e  fo r  d i s p o s a l ,  
Ash  h a n d l i n g  is  o u t l i n e d  in F i g u r e  8-38 .  

8 . 4 . 5 . 5  R e f r i B e r a t i o n  Unit 
i, 

The r e f r i g e r a t i o n  un i t  is  d e s i g n e d  to d e l i v e r  1500 tons  of r e f r i g e r a t i o n  a t  
--50 oF to the  a c i d - g a s  s c r u b b i n g  s e c t i o n  and 900 tons  of r e f r i g e r a t i o n  at 6 0 ° F  
to the  a m m o n i a  s c r u b  and g a s - p r e c o n d i t i o n i n g  sec t ion .  A c o n v e n t i o n a l  
a m m o n i a  r e f r i g e r a t i o n  s y s t e m  is used .  

. 8 - 8 3 -  
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8 . 4 . 5 . 8  I n e r t  Gas  G e n e r a t o r  

The i n e r t  ga s  g e n e r a t o r  i s  d e s i g n e d  to supp ly  a m a x i m u m  f low of 2100 
S C F / m i n  by c o m b u s t i o n  of p i p e l i n e  gas :  Gas  f r o m  the g e n e r a t o r  is  coo led  
and c o m p r e s s e d  to 100 p s i g  and 1250 p s i g  and s t o r e d  in  r e c e i v e r s  of 6 0 0 0 - S C F  
c a p a c i t y  each .  The i n e r t  gas  i s  u s e d  p r i m a r i l y  d u r i n g  s t a r t u p  and shu tdown  
of the p lan t ,  a l t hough  d u r i n g  o p e r a t i o n  i t  i s  u s e d  fo r  some  i n s t r u m e n t  p u r g e s .  

8 . 4 . 5 . 7  S t o r a g e  T a n k s  

The s t o r a g e  t a n k s  p l a n n e d  a r e  as  fol lows~ 3 s l u r r y  oil  t a n k s  of 9 0 0 0 - b b l  
c a p a c i t y  each ,  6 a m m o n i a  t a n k s  h a v i n g  a c a p a c i t y  of 34,000 gal  each,  1 
m e t h a n o l  tank  of 28,000 gal  c a p a c i t y ,  a 2 0 0 0 - g a l  s t o r a g e  t a n k  for  g lyco l ,  a 
4 0 0 0 - g a l  t ank  f o r  p h o s p h o r i c  ac id ,  and a. 1 0 , 0 0 0 - g a l  t a n k  fo r  c a u s t i c  s t o r a g e .  

8 . 4 . 5 . 8  M o b i l e  E q u i p m e n t  

The  fo l lowing  m o b i l e  e q u i p m e n t  is needed .  T w e n t y  h e a v y - d u t y ,  o f f - r o a d  
dump t r u c k s  wi l l  be r e q u i r e d  fo r  a s h  and g y p s u m  d i s p o s a l ;  1600 to 1700 
t o n s / d a y  m u s t  be h a u l e d  7 d a y s / w e e k  at  1 s h i f t / d a y ~  One c l a m - s h e l l  bucke t ,  
r a i l  or  c a t e r p i l l a r  moun ted ,  i s  n e e d e d  as  we l l  a s  one h e a v y - d u t y  b u l l d o z e r  
and two Huff Payloaders to unload and .transfer a maximum of 550 tons/day of 
limestone to and from the dead storage pile and to load an average of 100 
tons/day of sulfur into railroad hopper cars. The additional equipment 
needed includes two picku p trucks, one fire engine, one A-frame flat-bed 
truck, one I-I/2 ton flat-bed truck, one Dempster Durnpster with four bins, 
one ambulance, and 3 sedan automobiles. 

8.5 Manpower Estimate 

The total number of personnel needed to operate the HYGAS demonstra- 
tion plant is estimated to include 60 salaried and 281 hourly people. This 
e s t i m a t e  i n c l u d e s  the  p l a n t  m a n a g e r ;  an o f f i ce  m a n a g e r  w i th  accoun t ing ,  
p u r c h a s i n g ,  and w a r e h o u s i n g  re  s p o n s i b i l i t i e s ;  a s a f e t y  and i n s p e c t i o n  m a n a -  
ge r ;  a t e c h n i c a l  m a n a g e r  who h a n d l e s  t e c h n i c a l  serkrice,  e n g i n e e r i n g ,  and 
l a b o r a t o r y ;  an  o p e r a t i n g  s u p e r i n t e n d e n t ;  and a m a i n t e n a r m e  super in tende 'n t .  
In o p e r a t i o n s ,  a t o t a l  of 24 o p e r a t o r s ' w i l l  be n e e d e d  wi th  96 h e l p e r s ,  12 
b o a r d m e n ,  a n d 3 9  sh i f t  b r e a k e r s  and e x t r a  c o v e r a g e  men .  The m a i n t e n a n c e  
m a n p o w e r  i n c l u d e s  20 p i p e f i t t e r - w e l d e r s ,  25 m e c h a n i c s ,  20 e l e c t r i c i a n s  
and i n s t r u m e n t  men ,  20 g e n e r a l  u t i l i t y  men ,  and 25 l a b o r e r s .  A p l a n t  
m a n n i n g  o r g a n i z a t i o n  c h a r t  a p p e a r s  in F i g u r e  8 -39 .  

8 . 6  P r o ~ e c t  Schedu le  

Field c o n s t r u c t i o n  could  beg in  18 m o n t h s  after e n g i n e e r i n g  is s t a r t e d .  At 
t h i s  t i m e  about  50~ of the  e n g i n e e r i n g  shou ld  be c o m p l e t e d .  T h e  c o n s t r u c -  
t i on  t i m e  wi l l  c o v e r  a~per iod  of up to f ive  y e a r s ,  d e p e n d e n t  upon the  p r o -  
c u r e m e n t  s c h e d u l e ,  w h i c h  is  c o n t r o l l e d  by d e s i g n  and f i e ld  c o n s t r u c t i o n  of 
the  h y d r o g a s i f i c a t i o n  r e a c t o r .  The  b o i l e r s  and t u r b i n e  g e n e r a t o r  in  the  
p o w e r  p l a n t  would r e q u i r e  about  21 m o n t h s  fo r  d e l i v e r y  and f i e ld  e r e c t i o n .  

8'85 
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8. 7. S u g g e s t e  d A r e a s  fo r  D e s i g n  I m p r o v e m e n t  

The HYGAS d e m o n s t r a t i o n  p lan t  d e s i g n  d e s c r i b e d  u s e s  c o m m e r c i a l  p r o -  
c e s s e s  or  t e c h n i q u e s  t h r o u g h o u t  e x c e p t  for  the  coa l  g a s i f c a t i o n  r e a c t o r  a'nd 
the  m e t h a n a t i o n  s y s t e m .  Th i s  p r e l i m i n a r y  d e s i g n  shows  the  f e a s i b i l i t y  o£ 
c o n s t r u c t i n g  l a r g e  coal  g a s i f i c a t i o n  p l an t s  as soon  as  the  g a s i f i c a t i o n  and  
m e t h a n a t i o n  s t eps  a r e  p r o v e d  at the p i lo t  p lan t  l eve l .  In s tudy ing  t h i s  d e s i g n ,  
i t  is a p p a r e n t  tha t  i m p r o v e m e n t s  in s e v e r a l  a r e a s  could  c o n t r i b u t e  to in-  
c r e a s i n g  p l an t  r e l i a b i l i t y ,  d e c r e a s i n g  c o s t s ,  and r e d u c i n g  p r o c e s s  c o m p l e x i t y .  
M o s t  of the  i rnprove .men t s  r e q u i r e  new d e s i g n s ,  new e q u i p m e n t ,  or  new  p r o -  
c e s s e s :  d i s c u s s i o n  fo l lows .  

8. 7.1 P r o c e s s .  Des ign  Impro.v .ements  "' 

8. 7 .1 .  1 G e n e r a t i o n  q f H ~ d r o ~ e n  

E l e c t r o t h e r m a l  g a s i f i c a t i o n  as  u s e d  in t h i s  d e s i g n  for  the  g e n e r a t i o n  of 
r e d u c i n g  gas  has  s e v e r a l  a d v a n t a g e s .  A m i n i m u m  a m o u n t  of GO z is c o n -  
t a i n e d  in the  g a s e s  produce 'd  f r o m  the  e l e c t r o t h e r m a l  g a s i f i e r  unit .  T h e  
g a s i £ i e r  bed  is of s i m p l e  des ign ,  and the  g a s i f i c a t i o n  r a t e  is r e a d i l y . c o n ' -  
t r o l l e d .  By w i t h d r a w i n g  d i f f i c u l t - t b - g a s i f y  c h a r  fo r  p o w e r  p lan t  fuel ,  on ly  
the  m o r e  r e a c t i v e  p o r t i o n s  of the  coal  f eed  a r e  g a s i f i e d .  

In a p r a c t i c a l  p l an t  d e s i g n ,  h o w e v e r ,  the d i s a g v a n t a g e s  o£ . e l e c t r o t h e r m a l  
g a s i f i c a t i o n  b e c o m e  ..apparent. The  l a r g e  c o n v e n t i o n a l  p o w e r  p l an t  r e q u i r e d  
is not  only  e x p e n s i v e  in cap i t a l  cost ,  but i t  is  a l so  c o s t l y  in  r e d u c i n g  the  
p l a n t ' s  t h e r m a l  e f f i c i e n c y  fo r  c o n v e r t i n g  coa l  to p i p e l i n e  gas .  B e c a u s e  of 
the  c h a r  f u e l ' s  su l fu r  con ten t ,  s t a c k - g a s  s c r u b b i n g  is  n e e d e d  fo r  the p o w e r  
p lant .  The to ta l  c o s t  of the  p o w e r  p lant ,  i t s  s t a c k - g a s  s c r u b b i n g  s y s t e m ,  
and the  p o w e r - c o n d i t i o n i n g ,  s y s t e m  a m o u n t s  to m o r e  than  ha l f  the  c o s t  of a l l  
• the  p r o c e s s  uni t s .  E l e c t r i c i t y  is supp l i ed  to the  e l e c t r o t h e r m a l  gas i f i e . r  a s  
d i r e c t  c u r r e n t  at  about  13,000 vo l t s  and 8400 a m p e r e s . . V e r y  r e a l  d e s i g n  
p r o b l e m s  a r e  e n c o u n t e r e d  in s a f e ly  i n t r o d u c i n g  th i s  e l e c t r i c i t y  into a p roce . s s  
v e s s e l  tha t  o p e r a t e s  at I200 ps i  and 1900°F.  T h e s e  q u e s t i o n s  m u s t  be 
a n s w e r e d :  What k ind  of " p r e s s u r e  sea l  can  be u s e d  on the  e l e c t r i c a l  c ab l e  
and how wi l l  the c a b l e  be e l e c t r i c a l l y  i n s u l a t e d  as i t  e n t e r s  the v e s s e l ?  
The c u r r e n t  f lows  t h r o u g h  the  f l u i d i z e d  bed  o£ the  EG r e a c t o r ,  r a d i a l l y ,  f r o m  
a c e n t r a l  e l e c t r o d e  to a p e r i p h e r a l  c o n c e n t r i c  e l e c t r o d e .  With t h i s  e l e c t r o d e  
c o n f i g u r a t i o n ,  the  h e a t  r e l e a s e  'is f a r  g r e a t e r  p e r  un i t  of bed  v o l u m e  n e a r  the  
c e n t e r  e l e c t r o d e  than  in an equa l  v o l u m e  n e a r  bhe ou t e r  r a d i u s  o£ the bed.  
U n l e s s  h e a t  r e l e a s e  is c a r e f u l l y  m o d i f i e d  by e l e c t r o d e  d e s i g n  or  by c o n t r o l  
of f lows wi th in  the  f lu id  bed, hot  spo ts  m a y  o c c u r  c a u s i n g  l o c a l i z e d  f u s i o n  
of coa l  a sh  and of the c e n t r a l  e l e c t r o d e  s u r f a c e .  

An a l t e r n a t i v e  to e l e c t r o t h e r m a l  g a s i f i c a t i o n  is s t e a m - o x y g e n  g a s i f i c a t i o n  
(OG). The func t ion  of OG is the  s a m e  as  EG, tha t  is, to g e n e r a t e  r e d u c i n g  
gas  by the  s t e a m  c a r b o n  r e a c t i o n  wi th  c h a r  f r o m  the  h i g h - t e m p e r a t u r e  r e a c -  
tor .  A m a j o r  d i f f e r e n c e  is in how the  h e a t  of r e a c t i o n  is  suppl ied .  H e a t  is 
s u p p l i e d  to the OG f lu id  bed  for  the s t e a m - c a r b o n  r e a c t i o n  by b u r n i n g  p a r t  
of the  c a r b o n  wi th  oxygen.  

The OG o p e r a t e s  f r o m  18500 t o  1900°F.  I n s t e a d  of p r o d u c i n g  a l a r g e  
v o l u m e  of c h a r  as d o e s  the  EG, the OG ' s  so l id  p r o d u c t  is a l o w - c a r b o n -  
c o n t e n t  ash.  M o r e  COz is g e n e r a t e d  in the  OG g a s i f l e r  w h i c h  i n c r e a s e s  
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