
Table 2-4. COMPARISON OF FMC CHAR AND PARTIALLY HYDROGASIFIED 
IRELAND MINE BITUMINOUS COAL CHAR HYDROGASIFICATION 

RESULTS 

Run No. 

Feed  

Feed Gas 

Bed T e m p e r a t u r e ,  
Average ,  °F 

Bed Height ,  ft 

Char  Feed  Rate, l b / h r  

Steam Rate, l b / h r  

H y d r o g e n / C h a r  Ratio,  
of s t o i ch iome t r i c  

Steam Concentration, 
mole 

Steam Decompo sition, 
~. of steam fed 

Carbon Gasif ied,  ~ 

MAF Char  Gasi f ied ,  

H y d r o c a r b o n  Yield, 
S C F / l b  

Carbon  Oxides Yield, 
SCF/Ib 

HT-111A HT-ZZ1 

I re land  Char  FMC Char 

Hydrogen-  Steam 

1715 1550 

3.5 3.5 

28. 7 42.78 

Z5.00 Z6.00 

36.9 Z8.4 

51.3 48.5 

13.8 16.0 

20.9 17.4 

Z3.1 16.6 

3.14 Z.84 

i. 98 I. 33 

A7 50 6 l 527 
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2, 3.3.4. 13 West Virginia Medium-Volatile Content 
Bituminous Coal 

T h e  r e a c t i v i t y  o f  a W e s t  V i r g i n i a  m e d i u m - v o l a t i l e - c o n t e n t  b i t u m i n o u s  
c o a l  to  h y d r o g a s i f i c a t i o n  w i t h  h y d r o g e n  and  s t e a m  w a s  s t u d i e d  i n  a 3 . 5 - f o o t  
f l u i d i z e d  bed ,  a t  a n o m i n a l  r e a c t o r  p r e s s u r e  of 1000 p s i g ,  a n d  a t  v a r y i n g  
h y d r o g e n / c o a l  r a t i o s  a n d  s t e a m  c o n c e n t r a t i o n s  { T a b l e  2 - A 7 ,  a p p e n d i x ) .  T h i s  
coal, from the Sewell seam, Sewell No. 1 mine, Nicholas County, West 
Virginia, was lightly pretre.ated before hydrogasification. 

T h e  f e e d  f o r  r u n  H T - 2 3 0  {Tab le  2 - A 8 ,  a p p e n d i x )  w a s  p r e p a r e d  by l i g h t  
p r e t r e a t m e n t  of  t h e  c r u s h e d  and  s c r e e n e d  c o a l  w i t h  a i r  a t  850 ° t o  900 ° F  in  
t h e  P D U  f l u i d i z e d - b e d  c o a l  p r e t r e a t m e n t  u n i t .  T h e  p r e t r e a t e d  c o a l  w a s  f e d  
a t  a r a t e  of  41 p o u n d s  p e r  h o u r  i n to  t h e  r e a c t o r  w h e r e  t h e  t e m p e r a t u r e s  w e r e  
c o n t r o l l e d  to  1200 ° to  1 3 0 0 ° F  in  t h e  f r e e - f a l l  s e c t i o n  a n d  to  1 7 0 0 ° F  in  t h e  
3. 5-foot fluidized coal bed. Hydrogen was fed at a rate of 596 standard cubic 
feet per hour; steam was fed at a rate of 15.9 pounds per hour. At these 
conditions, the hydrogen/coal ratio was 33.5% of stoichiometric, and the 
steam concentration in the feed gas was 36.0%. A carbon gasification of 
31.  7% w a s  ac lh i eved ,  a s  w e l l  a s  a m o i s t u r e -  and  a s h - f r e e  c o a l  c o n v e r s i o n  
o f  41 .9% a t  an a v e r a g e  c o a l  bed  t e m p e r a t u r e  of 1 3 4 5 ° F .  

In  r u n  H T - 2 3 1 ,  t h e  c o a l  w a s  g a s i f i e d  u s i n g  a l o w e r  h y d r o g e n - t o - c o a l  
r a t i o  of 2 0 . 5 %  of  s t o i c h i o m e t r i c ,  bu t  a h i g h e r  s t e a m  c o n c e n t r a t i o n  of  53.2% 
i n  t h e  f e e d  g a s .  T h e  c o a l  w a s  f e d  a t  a r a t e  of  57 p o u n d s  an  h o u r ,  t h e  h y d r o g e n  
at a rate of 506 standard cubic feet per hour, and the steam at a rate of 27, 3 
pounds per hour. At these conditions, 26.7% of the carbon was gasified, and 
35.2% of the nnoisture-, ash-free coal was converted to gaseous products. 

K e y  h y d r o g a s i f i c a t i o n  r e s u l t s  of  r u n s  H T - 2 3 0  a n d  H T - Z 3 1 ,  a s  w e l l  a s  
t h o s e  of  a t h i r d  t e s t ,  r u n  H T - 2 3 3 ,  p e r f o r m e d  a t  a h y d r o g e n / c 0 a l  r a t i o  a n d  
a s t e a m  c o n c e n t r a t i o n  s i m i l a r  to  t h o s e  of  r u n  H T - 2 3 1 ,  a r e  s u m m a r i z e d  in  
T a b l e  2 - 5. 

T h e  l a r g e s t  c a r b o n  g a s i f i c a t i o n  of  31 .7%,  t h e  l a r g e s t  o b t a i n e d  in  t h i s  s e t  
of  t e s t s ,  w a s  r e c o r d e d  in  r u n  H T - Z 3 0  w h e n  t h e  S e w e l l  No,  1 m i n e  m e d i u m -  
v o l a t i l e - c o n t e n t  b i t u m i n o u s  c o a l  w a s  h y d r o g a s i f i e d  w i t h  h y d r o g e n  a t  a h y d r o g e n -  
t o - c o a l  r a t i o  of  33 .5% of  s t o i c h i o m e t r i c  r a t i o ,  a n d  w i t h  s t e a m  a t  a s t e a m -  
c o a l  r a t i o  of  0. 389 p o u n d  p e r  p o u n d .  A s o m e w h a t  l o w e r  c a r b o n  g a s i f i c a t i o n  
o f  26 .7% w a s  o b t a i n e d  in  r u n s  H T - 2 3 1  a n d  H T - 2 3 3  w h e n  t h e  h y d r o g e n - t o - c o a l  
r a t i o  w a s  in  file r a n g e  of  2 0 . 5  to 23 .7% of  t he  s t o i c h i o m e t r i c  r a t i o .  T h e  
h e a t i n g  v a l u e  of  r u n  H T - 2 3 0  i s  l o w e r  t h a n  t h o s e  o f  r u n s  H T - 2 3 1  a n d  H T - 2 3 3  
b e c a u s e  o f  t h e  g r e a t e r  d i l u t i o n  of  t h e  g a s  by  u n c o n v e r t e d  h y d r o g e n  f r o m  t h e  
h i g h e r  f e e d  h y d r o g e n - t o - c o a l  r a t i o .  T h e  h y d r n g a s i f i c a t i o n  r e s u l t s  o b t a i n e d  
w i t h  t h i s  m e d i u m - v o l a t i l e - c o n t e n t  b i t u m i n o u s  c o a l  a r e  n o t  s i g n i f i c a n t l y  
d i f f e r e n t  f r o m  t h o s e  o b t a i n e d  w i t h  I r e l a n d  m i n e  h i g h - v o l a t i l e - c o n t e n t  b i -  
t u m i n o u s  c o a l  a t  s i m i l a r  o p e r a t i n g  c o n d i t i o n s .  

2 . 3 . 3 . 4 . 1 4  N e w  M e x i c o  S u b b i t u m i n o u s  C o a l  

T h e  e x p e r i m e n t a l  i n v e s t i g a t i o n  of  t h e  h y d r o g a s i f i c a t i o n  b e h a v i o r  of 
W e s t e r n  s u b b i t u m i n o u s  c o a l s  in  t h e  h i g h - t e m p e r a t u r e ,  b a l a n c e d - p r e s s u r e  
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Table  2- 5. COMPARISON OF SEWELL NO. 1 MINE BITUMINOUS COAL 
HY DROGASIFICAT ION RESULT S 

Run No. 

R e a c t o r  P r e s s u r e ,  p s ig  

Coal Bed T e m p  A v e r a g e ,  °F 

Coal Bed Height ,  f t  

Coal F e e d  Rate,  l b / h r  

H y d r o g e n  F e e d  Rate,  S C F / h r  

S team F e e d  Rate ,  l b / h r  

S t e a m / C o a l  Ratio,  l b / l b  

H y d r o g e n / C o a l  Ratio,  
% of s t o i c h i o m e t r i c  33 .5  

S team C o n c e n t r a t i o n  in F e e d  Gas,  
m o l e  ~ 36 .0  

Steam Decomposed, % of total 
equivalent steam fed 35.4 

Carbon  Gas i f ied ,  % 31 .7  

MAY Coal  Gas i f i ed ,  ~ 41 .9  

H y d r o c a r b o n  Yield ,  S C F / l b  4. 88 

CO + CO z Yield,  S C F / l b  2 .68  

Product-Gas Composition, 
nitrogen-free, mole 

C a r b o n  Monoxide  10 .6  

C a r b o n  Dioxide  4 .3  

H y d r o g e n  57.7  

Methane  26 .6  

E thane  O. 4 

P r o p a n e  0 .1  

B e n z e n e  0 .3  

H y d r o g e n  Sulfide -- 

Total 

P r o d u c t  Gas Heating Value,  
n i t r o g e n - f r e e ,  Btu/SC F 503 

HT-230 HT-231 HT-233 

996 1045 1016 

1345 1330 1490 

3 .5  3 .5  3 .5  

40.97 56.58 46.21 

596.3  506.0 485.5  

15 .94  27 .33  Z5.36 

O. 389 O. 483 O. 549 

100 .0  

20.5 23.7 

53. Z 52.3 

28 .6  26.0  

26 .7  26 .7  

35.2 32.8 

4. O5 4.39 

2.27 2.05 

11.0 9 .5  

6 .2  5.1 

51 .7  53.9 

30.1 30 .6  

0 . 4  0 . 4  

0 .1  0.1 

0 . 4  0 .3  

0 .1  0.1 

100.0 100.0 

525 529 

A 7  50 6 1 5Z8 
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P D U  w a s  e x t e a d e d  to t e s t s  w i t h  N e w  M e x i c o  s u b b i t u m i n o u s  c o a l  f r o m  s e v e r a l  
s e a m s  in  t h e  F a r m i n g t o n  a r e a .  T h e  d r i e d ,  b u t  o t h e r w i s e  u n t r e a t e d  c o a l  w a s  
g a s i f i e d  i n  a 3 . 5 - f o o t  f l u i d i z e d  b e d  w i t h  h y d r o g e n  a n d  s t e a m  a t  a p r e s s u r e  of  
1000 p s i g ,  and. a t  c o a l - b e d  t e m p e r a t u r e s  of  1300 ° to  1 7 0 0 ° F  ( T a b l e  2 - A 7 ,  
a p p e n d i x ) .  

in o u r  in iFia l  t e s t s  w i t h  t h e  u n t r e a t e d  c o a l  f r o m  one  of  t h e  s e a m s  ( P i t  
" A " ) ,  we e x p e r i e n c e d  a g g l o m e r a t i o n  of  t h e  c o a l .  In  t e s t  r u n  H T - Z 4 9 ,  
a g g l o m e r a t i o n  o c c u r r e d  in  t h e  r e a c t o r  b e d  a f t e r  2 h o u r s  o f  n o r m a l  f e e d i n g .  
In two  o t h e r  t e s t s  d e s i g n a t e d  r u n s  H T - Z 5 0  a n d  H T - 2 5 1 ,  a g g l o m e r a t i o n  
s t a r t e d  a t  t he  o u t l e t  of  t h e  c o a l  f e e d  o n e - h a l f  h o u r  a f t e r  c o a l  f e e d i n g  w a s  
s t a r t e d .  The,~e d i f f i c u l t i e s  a r e  a t t r i b u t e d  to a n  i n o p e r a t i v e  r e a c t o r  h e a t i n g  
s e c t i o n  a t  t h e  t op  of t h e  r e a c t o r  t h a t  l i m i t e d  o u r  c o n t r o l  of  t h e  c o a l  h e a t - u p  
r a t e .  To p r o v i d e  f o r  m o r e  r a p i d  c o a l  h e a t - u p  in  t h e  r e a c t o r ,  t h e  I - i n c h -  
d i a m e t e r  c o a l  f e e d  t u b e  w a s  l e n g t h e n e d  by  30 i n c h e s  f o r  t h e  n e x t  h y d r o -  
g a s i f i c a t i o n  t e s t ,  r u n  H T - Z 5 Z .  Wi th  t h e  l o n g e r  f e e d  t u b e ,  t h e  c o a l  e n t e r e d  
t h e  r e a c t o r  a t  t h e  top  of  h e a t i n g  Z o n e  No. 2, w h e r e  t e m p e r a t u r e s  of  a t  
l e a s t  1300 ° F  c o u l d  be  m a i n t a i n e d .  W i t h  t h i s  c h a n g e ,  r u n  H T ~ 2 5 2  w a s  
s u c c e s s f u l l y  c o m p l e t e d  in  t w o  p a r t s ,  i n i t i a l l y  w i t h o u t  s t e a m  f e e d  in r u n  
H T - 2 5 2 A ,  a n d  t h e n  w i t h  s t e a m  f e e d  in r u n  H T - Z 5 2 B .  

T h e  c o a l  u s e d  i n  r u n  H T - 2 5 2  w a s  f r o m  P i t  " B " .  T h e r e  i s  n o  s i g n i f i c a n t  
difference in the compositions of the coals from Pit "A" and from Pit "B" 
(Table 2-A8, appendix). In run HT-Z5ZA, the coal was gasified in a fluidized 
bed with hydrogen only; in run HT-Z52B, the coal was gasified in a fluidized 
bed with hydrogen and steam. The coal feed rate in both tests was nearly the 
same, at 33.8 pounds per hour. In run HT-25ZA, 43.2% of the carbon was 
gasified, as the coal was allowed to react with hydrogen only at a hydrogen- 
to-coal ratio of 42.9% of the stoichiometric ratio. With the addition of 31.4 
mole percent steam to the reactor in run HT-Z5ZB, and nearly the same 
hydrogen-to-coal ratio as in run HT-252A, the carbon gasification increased 
to 53.5%. The addition of steam also resulted in a moderation of the coal-bed 
temperature. With no steam, the average coal-bed temperature was 1675°F, 
and the maxinnum temperature was 1870 °F. When the feed gas was a hydro- 
gen-s£eam mixture, the average coal-bed temperature was 1485°F; the maxi- 
mum temperature was 1770°F. Except for larger carbon oxides concentrations 
in run HT-Z52B, the product gas compositions in both tests were similar. 

T h e  g a s i f i e d  c o a l  r e s i d u e  a n a l y s e s  r e f l e c t  t h e  l a r g e r  a m o u n t  of  c o a l  c o n -  
v e r t e d  in  r u n  H T - 2 5 2 B .  C a r b o n  c o n t e n t  of  t h e  r e s i d u e  w a s  59 .1%,  ~ c o m p a r e d  
to  66. 14 in  r u n  H T - 2 5 2 A ;  t h e  a s h  c o n t e n t  w a s  3 9 . 1 4 ,  c o m p a r e d  to  31 .9% 
( T a b l e  2 - A 8 ,  a p p e n d i x ) .  

Gasification results of runs HT-249 and HT-251, two of the partially 
s u c c e s s f u l  t e s t s  in  w h i c h  t h e  c o a l  a g g l o m e r a t e d ,  s h o w  c a r b o n  g a s i f i c a t i o n s  
o f  31.8% a n d  4 5 . 5 ~  r e s p e c t i v e l y .  T h e  g r e a ~ e r  c a r b o n  c o n v e r s i o n  of  r u n  
H T - 2 5 1  i s  due: p r i n c i p a l l y  to  t h e  l a r g e r  h y d r o g e n - t o - c o a l  r a t i o ,  4 7 . 9 4  of 
s t o i c h i o m e t r i c ,  c o m p a r e d  to  23. 1% of  s t o i c h i o r n e t r i c .  O t h e r  c o n t r i b u t i n g  
r e a s o n s  a r e  a l o w e r  c o a l  t h r o u g h p u t  r a t e  of  3 0 . 8  p o u n d s  p e r  h o u r ,  c o m p a r e d  
to  6 3 . 0 0  p o u n d s  p e r  h o u r ,  a n d  a h i g h e r  a v e r a g e  b e d  t e m p e r a t u r e  of  1 5 6 0 ° F ,  
c o m p a r e d  to  1 3 4 5 ° F .  
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T h e  d i f f e r e n c e s  in  t h e  h y d r o g a s i f i c a t i o n  r e s u l t s  o b t a i n e d  w i t h  t h e  P i t  
" A "  f e e d  in ,  r u n  H T - 2 4 9 ,  a n d  w i t h  P i t  " B "  f e e d  in  r u n  H T - 2 5 1 ,  a r e  due  m a i n l y  
to  d i f f e r e n t  o p e r a t i n g  c o n d i t i o n s  i n  t h e  two  t e s t s  a n d  n o t  to  d i f f e r e n c e s  in  
t h e  c o m p o s i t i o n  o r  b e h a v i o r  of  t h e  c o a l s .  

T h e  r e s u l t s  o f  t h e s e  t e s t s  e s t a b l i s h  t h e  f e a s i b i l i t y  o f  g a s i f y i n g  N e w  
M e x i c o  s u b b i t u m i n o u s  c o a l  i n  a f l u i d i z e d  b e d  w i t h  h y d r o g e n  a n d  s t e a m  w i t h  
no p r i o r  p r e t r e a t m e n t  of  t h e  c o a l .  R e a c t i v i t y  of  t h i s  c o a l  i s  g e n e r a l l y  t h e  
s a m e  a s  t h e  M o n t a n a  a n d  C o l o r a d o  s u b b i t u m i n o u s  c o a l s ,  w h i c h  h a d  b e e n  a l s o  
p r o c e s s e d  in  t h e  d e v e l o p m e n t  un i t .  

2 . 3 . 3 . 5  E f f e c t  o f  S y n t h e s i s  G a s  o n  C o a l  G a s i f i c a t i o n  

T h e  h y d r o g a s i f i c a t i o n  of  s e l e c t e d  f e e d s ,  i n  a f l u i d i z e d  bed ,  w i t h  a s y n -  
t h e s i s  g a s  a n d  s t e a m  f e e d ,  w a s  s t u d i e d  in  a s e r i e s  of  t e s t s  i n  t h e  P D U .  
T h e s e  f e e d s  w e r e :  1) P i t t s b u r g h  No.  8 s e a m  b i t u m i n o u s  c o a l ,  2) M o n t a n a  
s u b b i t u m i n o u s  c o a l ,  3) M o n t a n a  l i g n i t e ,  4) N o r t h  D a k o t a  l i g n i t e ,  a n d  5) I l l i n o i s  
b i t u m i n o u s  c o a l  c h a r .  

The use of synthesis gas instead of hydrogen is of interest as it would 
eliminate the need for carbon monoxide shifting and carbon dioxide removal 
following the hydrogen production step of a complete coal hydrogasification 
process, whether the hydrogen was generated in a conventional char producer 
or in an electrothermal char gasifier. To be of any promise, carbon con- 
version rates to methane would not have to be unduly reduced by the lower 
hydrogen concentration in the feed gas, at least up to about 40,~ carbon con- 
version. To maintain adequate conversions with synthesis gas, moderate 
increases in coal residence time and in coal bed temperatures could be 
role r ate d. 

i s y n t h e s i s  g a s  m i x t u r e ,  s i m u l a t i n g  a g a s  c o m p o s i t i o n  e x p e c t e d  f r o m  
a n  e l e c t r o - t h e r m a l  c h a r  g a s i f i e r ,  w a s  p r e p a r e d  b y  m i x i n g  h y d r o g e n ,  c a r b o n  
m o n o x i d e ,  a n d  c a r b o n  d i o x i d e  i n t o  h i g h - p r e s s u r e  s t o r a g e .  M o l e  f r a c t i o n s  
of  t h e s e  g a s e s  w e r e  a s  f o l l o w s :  h y d r o g e n ,  58~;  c a r b o n  m o n o x i d e ,  374;  a n d  
c a r b o n  d i o x i d e ,  5~. P i t t s b u r g h  No .  8 s e a m  b i t u m i n o u s  c o a l  f r o m  t h e  I r e l a n d  
m i n e  w a s  t h e  f i r s t  f e e d  s e l e c t e d  f o r  t h e s e  t e s t s  a s  i t  h a d  b e e n  p r e v i o u s l y  
h y d r o g a s i f i e d  in  t h e  d e m o n s t r a t i o n  u n i t  o v e r  a w i d e  r a n g e  of  c o n d i t i o n s .  A s  
in  t e s t s  w i t h  h y d r o g e n  f e e d  g a s ,  t h e  c o a l  w a s  g i v e n  t h e  s t a n d a r d  l i g h t  p r e -  
t r e a t m e n t  w i t h  a i r  b e f o r e  h y d r o g a s i f i c a t i o n .  

O p e r a t i n g  c o n d i t i o n s  a n d  r e s u l t s  of  t h e  f i r s t  t h r e e  t e s t s  p e r f o r m e d  w i t h  
P i t t s b u r g h  No.  8 s e a m  b i t u m i n o u s  c o a l ,  r u n s  H T - 1 6 8 ,  H T - 1 6 9  a n d  H T - 1 7 1 ,  
a r e  g i v e n  i n  T a b l e  2 - A 7 ,  a p p e n d i x .  T h e s e  t e s t s  w e r e  p e r f o r m e d  in  a 3 . 5  
f o o t  f l u i d i z e d - b e d  a t  a n o m i n a l  r e a c t o r  p r e s s u r e  of  I 0 0 0  p s i g .  

In  r u n  H T - 1 6 8 ,  t h e  c o a l  b e d  h e i g h t  w a s  i n c r e a s e d  f r o m  3 . 5  f e e t  ( P a r t  A) 
a f t e r  1 h o u r  of  o p e r a t i o n  to  7 . 0  f e e t  ( P a r t  B) t o  o b s e r v e  h o w  t h e  v a r i o u s  bed  
d e p t h s  a f f e c t  h y d r o g a s i f i c a t i o n .  T h e  r e s u l t s  s h o w  o n l y  a s m a l l  i n c r e a s e  in  
c a r b o n  g a s i f i c a t i o n  a n d  no p e r c e p t i b l e  c h a n g e  in  p r o d u c t  g a s  c o m p o s i t i o n .  
A s u b s t a n t i a l  s h i f t i n g  of  t h e  c a r b o n  m o n o x i d e  i n  t h e  f e e d  g a s  t o  h y d r o g e n  
i s  i n d i c a t e d  by t h e  s h a r p  d e c r e a s e  in  c a r b o n  m o n o x i d e  c o n t e n t  f r o m  t h e  f e e d  
g a s  to  t h e  p r o d u c t  g a s ,  and  by  t h e  c o r r e s p o n d i n g  i n c r e a s e  in  c a r b o n  d i o x i d e  
content of the product gas over that of the feed gas. (Table 2-A7, appendix) 
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R u n  H T - 1 6 9  w a s  c o n d u c t e d  a t  c o n d i t i o n s  s i m i l a r  to  t h o s e  of r u n  H T - 1 6 8 ,  
b u t  t h e  p o s i t i o n  of  t h e  c o a l  b e d  w a s  d i f f e r e n t .  T h e  f e e d  g a s  d i s t r i b u t o r  w a s  
s e t  62 i n c h e s  f r o m  t h e  b o t t o m  of t h e  r e a c t o r  f u r n a c e ,  in  c o n t r a s t  t o  31 i n c h e s  
in  r u n  H T - 1 6 8 .  T h e  c o a l  bed ,  t h e r e f o r e ,  w a s  h i g h e f - l n t h e  r e a c t o r  t u b e ,  
so t h a t  h e a t  l o s s e s  to t h e  b o t t o m  e n d  w e r e  l e s s e n e d .  T h e  e f f e c t  of  t h i s  
c h a n g e  is  s h o w n  by  t h e  i n c r e a s e  in  t he  a v e r a g e  c o a l  b e d  t e m p e r a t u r e  f r o m  
1480 ° to  1 5 1 5 ° F  of  r u n  H T - 1 6 8  to  1 6 1 5 ° F .  T h i s  i n c r e a s e  in  
t h e  a v e r a g e  b e d  t e m p e r a t u r e  p a r t l y  a c c o u n t s  f o r  t h e  i n c r e a s e  in t h e  c a r b o n  
g a s i f i e d  f r o m ~ - h e  18 to g l 4 o f  r u n H T - 1 6 8 ,  to  244  f o r  r u n H T - 1 6 9 .  

T h e  h y d r o g e n / c o a l  r a t i o  of r u n  H T - 1 7 1  w a s  r e l a t i v e l y  h i g h  a t  3 3 . 6  ~- 
o f  t he  s t o i c h i o m e t r i c  r a t i o .  T h i s  d o e s  n o t  i n c l u d e  t h e  c a r b o n  m o n o x i d e  
e q u i v a l e n t  of  h y d r o g e n  in  t h e  f e e d  g a s .  C a r b o n  g a s i f i c a t i o n  i m p r o v e d  s u b -  
s t a n t i a l l y  o v e r  t h a t  in t h e  f i r s t  t w o  r u n s  ( H T - 1 6 8  a n d  H T - 1 6 9 ) ,  f r o m  a r a n g e  
of  18 to  244,  up  to  38 A. H o w e v e r ,  t h e  n e t  h e a t  r e l e a s e  in r u n H T - 1 7 1  c o u l d  
o n l y  m a i n t a i n  an a v e r a g e  b e d  t e m p e r a t u r e  of  1 5 7 5 ° F ,  e v e n  w i t h  m a x i m u m  
f u r n a c e  h e a t  i n p u t  f r o m  z o n e s  5 a n d  6. T h e  l o w e s t  f u r n a c e  h e a t i n g  s e c t i o n ,  
z o n e  7, w a s  i n o p e r a t i v e  

T o  d e t e r m i n e  to w h a t  e x t e n t  t h e  c o a l  b e d  t e m p e r a t u r e s  of  t h e  t e s t s  w i t h  
s y n t h e s i s  g a s  we re .  i n f l u e n c e d  by t h e  i n o p e r a t i o n  o f  z o n e  7, r u n  H T - 1 7 3  w a s  
c o n d u c t e d  w i t h  t h e  s a m e  P i t t s b u r g h  s e a m  b i t u m i n o u s  c o a l  u s e d  in  t h e  t e s t s  
w i t h  s y n t h e s i s  g a s ,  b u t  w i t h  a s t e a m - h y d r o g e n  f e e d  g a s  ( T a b l e  2 - A 7 ,  a p p e n d i x ) .  
T h e  d e s i r e d  c o a l  b e d  t e m p e r a t u r e s  of 1 7 0 0 ° F  a n d  a b o v e  w e r e  a c h i e v e d .  R u n  
H T - 1 7 3  t h u s  d e m o n s t r a t e d  t h a t  t h e  l o w  c o a l - b e d  t e m p e r a t u r e s  in t h e  t e s t s  
c o n d u c t e d  w i t h  s y n t h e s i s  g a s  r e s u l t e d  p r i n c i p a l l y  f r o m  t h e  l o w  h e a t  r e l e a s e .  
T h e  r e s u l t s  of  t h e  t e s t s  w i t h  s y n t h e s i s  f e e d  g a s  i n d i c a t e  t h a t  r e d u c e d  h y d r o g e n  
p r e s s u r e  t h a t  r e s u l t s  f r o m  t h e  p r e s e n c e  o f  t h e  c a r b o n  m o n o x i d e ,  r e d u c e s  
h e a t  r e l e a s e .  T h i s  o c c u r r e d  e v e n  t h r o u g h  7 0 . 5 ~  of  t h e  c a r b o n  m o n o x i d e  
w a s  s h i f t e d  in  r u n  H T - 1 7 1 ,  b a s e d  on  t h e  r e d u c t i o n  of  t h e  c a r b o n  m o n o x i d e  
c o n t e n t  b e t w e e n  t h e  f e e d  g a s  a n d  t h e  p r o d u c t  g a s .  T h u s ,  e v e n  t h o u g h  c a r b o n  
m o n o x i d e  a nd  : h y d r o g e n  a r e  e q u i v a l e n t  t h r o u g h  t h e  s h i f t  r e a c t i o n ,  t h e  h e a t  
r e l e a s e  i s  a p p a r e n t l y  a f f e c t e d  by  t h e  p a r t i a l  p r e s s u r e  of  t h e  h y d r o g e n .  

I m p r o v e d  c o a l  a n d  c a r b o n  c o n v e r s i o n s  o f  t h e  P i t t s b u r g h  s e a m  b i t u m i n o u s  
c o a l  w e r e  o b t a i n e d  in  t h e  l a t e r  t e s t ,  r u n  H T - 2 1 0 ,  p e r f o r m e d  in  a 7 - f o o t  f l u i d -  
i z e d  b e d ,  a t  a n  a v e r a g e  c h a r - b e d  t e m p e r a t u r e  o f  1 5 6 0 ° F ,  a n d  a t  a r e a c t o r  
p r e s s u r e  of  987 p s i g  ( T a b l e  Z - A 7 ,  a p p e n d i x ) .  In  t h i s  t e s t ,  5 1 . 6 ~  of  t h e  
m o i s t u r e - ,  a n d  a s h - f r e e  c o a l ,  a n d  4 1 . 7 ~  of  t h e  c a r b o n  in  t h e  c o a l  w e r e  
g a s i f i e d  w i t h  a h y d r o g e n / c o a l  r a t i o  of  4 9 . 3 ~  of  s t o i c h i o m e t r i c ,  a n d  a s t e a m  
c o n c e n t r a t i o n  of 5 1 . 1 ~  in  t h e  f e e d  g a s  m i x t u r e .  

R e s u l t s  of  r u n  H T - 2 4 2  ( T a b l e  2 - A 7 ,  a p p e n d i x )  p e r f o r m e d  in  a 3 . 5 - f o o t  
f l u i d i z e d  b e d  a t  a n  a v e r a g e  c h a r - b e d  t e m p e r a t u r e  of  1 3 1 0 ° F ,  and  a r e a c t o r  
p r e s s u r e  o f  1556 p s i g  s h o w  a c a r b o n  g a s i f i c a t i o n  of  24 .5%,  a n d  a m o i s t u r e - ,  
a n d  a s h - f r e e  c o a l  c o n v e r s i o n  of  29 .2%.  T h e  h y d r o g e n / c o a l  r a t i o  in  t h i s  
t e s t  w a s  24.8~i  of  s t o i c h i o m e t r i c ,  a n d  t h e  s t e a m  c o n c e n t r a t i o n  in  t h e  f e e d  
g a s  m i x t u r e  w a s  50 .3%.  T h e  l o w e r  c a r b o n  c o n v e r s i o n  in  t h i s  t e s t ,  c o m p a r e d  
to  t h a t  of  r u n  H T - 2 1 0 ,  r e s u l t e d  f r o m  1) t h e  l o w e r  h y d r o g e n / c o a l  r a t i o ,  and  
2) t h e  l o w e r  c h a r - b e d  t e m p e r a t u r e .  

In t h e s e  s e r i e s  of  t e s t s  -- g e n e r a l l y  -- H Y G A S  r e s e a r c h e r s  f o u n d  t h a t  t h e  
u s e  of  s y n t h e s i s  g a s  r e s u l t s  in  1) a l o w e r  c h a r - b e d  t e m p e r a t u r e ,  p a r t i c u l a r l y  
i n  t h e  s h o r t e r  f l u i d i z e d  b e d ,  a n d  2) a l o w e r  d e g r e e  of  g a s i f i c a t i o n  t h a n  w h e n  
h y d r o g e n  i s  u s e d °  
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A synthesis gas-steam feed-gas mixture was also used in two tests 
in which researchers simulated, separately, the upper low-temperature 
zone and the lower high-temperature zone of a two-stage hydrogasification 
operation. The simulation was based on using a synthesis gas-steam feed, 
a n d  l i g h t l y  p r e t r e a t e d  P i t t s b u r g h  No.  8 s e a m  b i t u m i n o u s  c o a l  f r o m  t h e  
I r e l a n d  m i n e .  F e e d  to t h e  u p p e r  z o n e  s i m u l a t i o n  in  r u n  H T - 2 0 0 ,  w a s  l i g h t l y  
p r e t r e a t e d  c o a l .  R e s i d u e  f r o m  t h i s  t e s t  w a s  u s e d  a s  f e e d  f o r  t h e  l o w e r  z o n e  
s i m u l a t i o n  in  r u n  H T - 2 0 1  ( s e e  T a b l e  2 - A 8 ,  a p p e n d i x ) .  In r u n  H T - 2 0 0 ,  t he  
l i g h t l y  p r e t r e a t e d  c o a l  w a s  g a s i f i e d  in  a 3 . 5 - f o o t  f l u i d i z e d  bed  a t  a n  a v e r a g e  
b e d  t e m p e r a t u r e  of  1 3 8 0 ° F ,  a r e a c t o r  p r e s s u r e  of  1012 p s i g ,  a n d  w i t h  a 
s y n t h e s i s  g a s - m e t h a n e - s t e a m  f e e d  g a s .  T h e  d r y  f e e d  g a s  w a s  a p r e p a r e d  
m i x t u r e  of  h y d r o g e n ,  c a r b o n  m o n o x i d e ,  c a r b o n  d i o x i d e  and  n a t u r a l  g a s .  T h e  
c o m p o s i t i o n  of t h i s  g a s  s i m u l a t e d  t h a t  of  a g a s  c o m i n g  f r o m  t h e  l o w e r  h i g h -  
t e m p e r a t u r e  z o n e  of  a t w o - s t a g e  r e a c t o r .  S t e a m  w a s  p r e m i x e d  w i t h  t h e  g a s  
m i x t u r e  w h e n  f e d  t o  t h e  r e a c t o r ,  a n d  c o n s t i t u t e d  3 2 . 9  m o l e  p e r c e n t  of t h e  
t o t a l  f e e d  g a s .  T h e  r e s u l t s  of r u n  H T - 2 0 0  s h o w e d  t h a t  14.5% of  t h e  c a r b o n  
in  t h e  c o a l  w a s  g a s i f i e d ,  a n d  t h a t  t h e r e  w a s  no  n e t  s t e a m  d e c o m p o s i t i o n  
( s e e  T a b l e  2 - A 7 ,  a p p e n d i x ) .  

In  r u n  H T - 2 0 1 ,  t h e  r e s i d u e  f r o m  r u n  H T - 2 0 0  w a s  g a s i f i e d  in  a 7 - f o o t  
£ 1 u i d i z e d  b e d  a t  an  a v e r a g e  b e d  t e m p e r a t u r e  of  1 5 6 5 ° F  and  a r e a c t o r  p r e s s u r e  
of  1005 p s i g  i n  a s i m u l a t i o n  o f  a l o w e r ,  h i g h - t e m p e r a t u r e  r e a c t o r  z o n e .  F e e d  
g a s  w a s  a m i x t u r e  of  s y n t h e s i s  g a s  a n d  s t e a m .  S t e a m  c o n c e n t r a t i o n  in  t h e  
f e e d  g a s  w a s  5 4 . 8  m o l e  p e r c e n t .  T h e  r a t i o  o f  h y d r o g e n  p l u s  c a r b o n  m o n o x i d e  
i n  t h e  f e e d  g a s  to  t h e  f e e d  c h a r  w a s  1 1 . 3  s t a n d a r d  c u b i c  f e e t  p e r  p o u n d .  A t  
t h e s e  c o n d i t i o n s ,  19 .3% of t h e  c a r b o n  in t h e  f e e d  c h a r  w a s  g a s i f i e d  a n d  2 9 . 7 4  
of  t h e  e q u i v a l e n t  s t e a m  f e d  w a s  c o n v e r t e d .  T h e  t o t a l  c a r b o n  g a s i f i c a t i o n  in 
r u n s  H T - 2 0 0  a n d  H T - 2 0 1  w a s  31%, b a s e d  on  t h e  f e e d  to  r u n  H T - 2 0 0 .  

R e s u l t s  f r o m  h y d r o g a s i f i c a t i o n  t e s t s  u s i n g  p r e t r e a t e d  P i t t s b u r g h  No.  8 
s e a m  a n d  s y n t h e s i s  g a s - s t e a m  m i x t u r e s  h a v e  s h o w n  t h a t  t h e  r e a c t i o n  r a t e s  
a r e  q u i t e  s e n s i t i v e  to  t h e  h y d r o g e n  p a r t i a l - p r e s s u r e  i n  t he  s y s t e m .  T h e r e -  
f o r e ,  c a r b o n  m o n o x i d e  a n d  h y d r o g e n  in  t h e  s y n t h e s i s  g a s  c a n n o t  be  c o n s i d e r e d  
a s  t h e  e q u i v a l e n t  o f  h y d r o g e n .  T h e  u s e  o f  s y n t h e s i s  g a s  in p l a c e  o f  h y d r o g e n  
w i l l  r e q u i r e  o p e r a t i n g  a d j u s t m e n t s  in o r d e r  to  m a i n t a i n  t h e  n e c e s s a r y  c o n v e r -  
s i o n  l e v e l s  of  c a r b o n  a n d  s t e a m .  T h e s e  a d j u s t m e n t s  m a y  c o n s i s t  of  I)  l o n g e r  
r e s i d e n c e  t i m e ,  a n d  2) h i g h e r  s t e a m  c o n c e n t r a t i o n  to  i n c r e a s e  w a t e r - g a s  s h i f t  
r e a c t i o n ,  3) h i g h e r  s y n t h e s i s  g a s - t o - c o a l  r a t i o ,  4) h i g h e r  s y s t e m  p r e s s u r e  
to  i n c r e a s e  h y d r o g e n  p a r t i a l  p r e s s u r e ,  5) m u l t i s t a g e  c o n t a c t i n g  to  i m p r o v e  
c o u n t e r c u r r e n c y ,  o r  c o m b i n a t i o n s  t h e r e o f .  

G a s i f i c a t i o n  of  a N o r t h  D a k o t a  l i g n i t e  w i t h  a s y n t h e s i s  g a s  p l u s  s t e a m  
f e e d  g a s  w a s  s t u d i e d  in  a s e r i e s  of  t e s t s  t o  d e t e r m i n e  t h e  r e a c t i v i t y  of  t h e  
l i g n i t e  t o  l o w e r  c o n c e n t r a t i o n s  of  h y d r o g e n  in  t h e  f e e d  g a s .  A n o t h e r  m a j o r  
p u r p o s e  of  t h e  t e s t s  w a s  to  o b t a i n  e x p e r i m e n t a l  d a t a  o n  t h e  c o n c e n t r a t i o n  
of  c a r b o n  d i o x i d e  in  t h e  p r o d u c t  g a s  a n d  o n  t h e  q u a n t i t y  of  c a r b o n  d i o x i d e  
p r o d u c e d  w i t h  a h i g h - o x y g e n - c o n t e n t  f e e d  and  a f e e d  g a s  c o n t a i n i n g  c a r b o n  
m o n o x i d e .  In t e s t  r u n  H T - 1 9 6 ,  ( T a b l e  2~A7,  a p p e n d . i x  ) 47 ,  3% o f  t h e  c a r b o n  
i n  t h e  l i g n i t e  w a s  g a s i f i e d  a n d  49. '7% of  t h e  t o t a l  e q u i v a l e n t  s t e a m s  w e r e  c o n -  
v e r t e d  a t  a n  a v e r a g e  b e d  t e m p e r a t u r e  of  1 6 1 5 ° F  a n d  w i t h  a h y d r o g e n  p l u s  
c a r b o n  m o n o x i d e  r a t i o  o f  1 3 . 3  s t a n d a r d  c u b i c  f e e t  p e r  p o u n d  o f  l i g n i t e .  F o r  
p u r p o s e s  o f  c o m p a r i s o n ,  k e y  r e s u l t s  o£ r u n  H T - 1 9 6 ,  a n d  t h r e e  o t h e r  l i g n i t e  
h y d r o g a s i f i c a t i o n  t e s t s  in  w h i c h  t h e  g a s i f y i n g  m e d i u m  w a s  a s y n t h e s i s  g a s -  
s t e a m  m i x t u r e ,  a r e  t a b u l a t e d  i n  T a b l e  2 - 6 .  
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T h e  s i g n i f i c a n t l y  d i f f e r e n t  r e s u l t s  o£ r u n  H T - 1 9 2 ,  c o m p a r e d  to  t h o s e  of  
t h e  o t h e r  t h r e e  t e s t s  p r e s e n t e d  in  T a b l e  Z - 6 ,  m a y  be  p a r t i a l l y  e x p l a i n e d  by 
t h e  l o w e r  a v e r a g e  b e d  t e m p e r a t u r e  o f  1 4 3 0 ° 1  ~. T h e  c a r b o n  g a s i f i c a t i o n ,  
s t e a m  d e c o m p o s i t i o n ,  a n d  c a r b o n  o x i d e s  y i e l d  w e r e  w e l l  b e l o w  t h o s e  of  
t h e  o t h e r  t h r e e  t e s t s ,  a n d  p a r t i c u l a r l y  b e l o w  t h o s e  of  r u n  H T - 1 9 6 ,  w h i c h  
w a s  c o n d u c t e d  a t  s i m i l a r  f l o w  c o n d i t i o n s  b u t  a t  a n  a v e r a g e  b e d  t e m p e r a t u r e  
o f  1 6 1 5 0 F .  B e c a u s e  o f  t h e  c o m p a r a t i v e l y  l o w  c a r b o n  o x i d e s  y i e l d  in r u n  
H T - 1 9 Z ,  h o w e v e r ,  a m u c h  g r e a t e r  f r a c t i o n  o f  t h e  t o t a l  c a r b o n  g a s i f i e d  w e n t  
i n to  t h e  p r o d u c t i o n  of  m e t h a n e ,  so  t h a t  h y d r o c a r b o n  y i e l d  p e r  p o u n d  o f  l i g n i t e  
f e d  (5, 56 s t a n d a r d  d u b i c  f e e t  p e r  p o u n d )  w a s  g r e a t e r  t h a n  in  t h e  t e s t s  w h e r e  
m o r e  c a r b o n  w a s  g a s i f i e d .  As  e x p e c t e d ,  t h e  c o n c e n t r a t i o n  of  m e t h a n e  in  t h e  
p r o d u c t  g a s  of  r u n  I - IT-192 w a s  h i g h e r  t h a n  t h a t  of  t h e  o t h e r  t h r e e  t e s t s ,  b e -  
c a u s e  l o w e r  t e m p e r a t u r e s  f a v o r  e q u i l i b r i u m  m e t h a n e  c o n c e n t r a t i o n .  

A c o m p a r i s o n  of  t h e  r e s u l t s  o£ r u n s  H T - 1 9 6  a n d  H T - 1 9 7  s h o w s  t h a t  
r e d u c i n g  t h e  r a t i o  o f  s y n t h e s i s  g a s  to  l i g n i t e  by a b o u t  50% r e s u l t e d  in  o n l y  
s m a l l  r e d u c t i o n s  i n  t h e  t o t a l  c a r b o n  g a s i f i c a t i o n  a n d  s t e a m  d e c o m p o s i t i o n .  
T h e  l o w e r  c a r b o n  g a s i f i c a t i o n  i s  r e f l e c t e d  in  t h e  l o w e r  h y d r o c a r b o n  a n d  c a r b o n  
o x i d e s  y i e l d s  p e r  p o u n d  l i g n i t e .  H o w e v e r ,  t h e  c o n v e r s i o n  in  r u n  H T - 1 9 7  
w a s  s t i l l  h i g h  e n o u g h  so  t h a t  t h e  c a r b o n  r e m a i n i n g  w a s  j u s t  e n o u g h  to m e e t  
t h e  r e q u i r e m e n t s  f o r  f e e d  s y n t h e s i s  g a s  p r o d u c t i o n ,  a n d  t h u s  a l l o w  f o r  
b a l a n c e d  h y d r o g a s i f i c a t i o n  p r o d u c t i o n .  

T h e  l a s t  c o l u m n  in T a b l e  2 -6  s h o w s  t he  k e y  p a r a m e t e r s  c a l c u l a t e d  f o r  
a l i g n i t e  h y d r o g a s i £ i c a t i o n  m o d e l  u n d e r  t h e  f o l l o w i n g  a s s u m p t i o n s :  

a )  A c a r b o n  a c t i v i t y  of  2 a t  1 7 0 0 ° F ,  

b) W a t e r - g a s  s h i f t  e q u i l i b r i u m ,  a n d  

c) T h e  h y d r o g e n  e v o l v e d  f r o m  t h e  l i g n i t e  i s  d i v i d e d  e q u a l l y  b e t w e e n  t h e  
l o w -  a n d  h i g h - t e m p e r a t u r e  z o n e s .  

T h e  c l o s e  a g r e e m e n t  b e t w e e n  H T - 1 9 7  a n d  t h e  m a t h e m a t i c a l  m o d e l  g i v e s  
c o n f i d e n c e  t h a t  t h e  m o d e l  a n d  a s o u n d  b a s i s  f o r  t h e  e c o n o m i c  e v a l u a t i o n  of 
h y d r o g a s i f i c a t i o n  p l a n t s  u s i n g  l i g n i t e  f e e d .  T h e  m i n o r  d i f f e r e n c e s  b e t w e e n  
t h e  m o d e l  p r e d i c t i o n  a n d  r u n  H T - 1 9 7  c a n  be  a t t r i b u t e d  m o s t l y  t o  t h e  h e a t  
l o s s e s  e n c o u n t e r e d  in  r u n  H T - 1 9 7 .  

T h e  h y d r o g a s i f i c a t i o n  r e a c t i v i t y  of  l i g n i t e  w i t h  a s y n t h e s i s  g a s  a n d  s t e a m  
f e e d  g a s  w a s  a l s o  s t u d i e d  a t  a s y s t e m  p r e s s u r e  of  500 p s i g  i n  r u n  H T - 2 4 1  
( T a b l e  2 - A 7 ,  a p p e n d i x ) .  H y d r o g a s i f i c a t i o n  of  t h e  l i g n i t e  in  a 3 . 5 - £ o o t  f l u i d i z e d  
b e d  w i t h  s y n t h e s i s  g a s  a n d  s t e a m ,  a t  a n  a v e r a g e  l i g n i t e  b e d  t e m p e r a t u r e  of 
1 5 9 0 ° F  a n d  a r e a c t o r  p r e s s u r e  o f  498 p s i g ,  r e s u l t e d  in  t h e  g a s i f i c a t i o n  of  5 1 . 6 ~  
of  t h e  m o i s t u r e - ,  a n d  a s h - f r e e  l i g n i t e ,  a n d  of  36 .0% of  t h e  c a r b o n  in  t h e  l i g n i t e .  
T h e s e  c o n v e r s i o n s  w e r e  o b t a i n e d  w i t h  a s y n t h e s i s - g a s  1 a t e  g i v i n g  a h y d r o g e n  
to  l i g n i t e  r a t i o  of  16 .9% of t h e  s t o i c h i o m e t r i c  r a t i o ,  a n d  a s t e a m  c o n c e n t r a t i o n  
o f  4 9 . 8 %  in  t h e  f e e d  g a s .  A d d i t i o n a l  l i g n i t e  w a s  c o n v e r t e d  to  l i q u i d  p r o d u c t s  
c o n t a i n i n g  o i l  t h a t  i n c l u d e d  2 .72% of  t h e  c a r b o n  in t h e  l i g n i t e .  B a s e d  on  an  
a s h  b a l a n c e ,  0. 531 of  a p o u n d  of  l i g n i t e  r e s i d u e  w a s  r e c o v e r e d  f o r  e v e r y  p o u n d  
of  l i g n i t e  f e d .  
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T h e  s e r i e s  of t e s t s  w i t h  s y n t h e s i s  g a s  h a v e  s h o w n  t h a t  l i g n i t e ,  b e i n g  
h i g h l y  r e a c t i v e  c o m p a r e d  to  p r e t r e a t e d  b i t u m i n o u s  c o a l s ,  c a n  be  g a s i f i e d  
a s  w e l l  w i t h  s y n t h e s i s  g a s  a s  w i t h  h y d r o g e n .  The  h i g h  r e a c t i v i t y  of  l i g n i t e  
i n s e n s i t i z e s  t he  e f f e c t  o f  s u b s t i t u t i n g  c a r b o n  m o n o x i d e  f o r  h y d r o g e n  in t h e  
s y n t h e s i s  g a s .  T h u s ,  w i t h  l i g n i t e ,  t h e  f u l l  b e n e f i t  o f  h y d r o g a s i f y i n g  w i t h  
a s y n t h e s i s  g a s  i n s t e a d  of  h y d r o g e n  c a n  be r e a l i z e d  w i t h o u t  a n y  o f f s e t t i n  ~ 
p e n a l y .  

T h e  h y d r o g a s i f i c a t i o n  b e h a v i o r  of  t h e  M o n t a n a  s u b b i t u m i n o u s  c o a l  w i t h  
s y n t h e s i s  g a s  a n d  s t e a m  w a s  t e s t e d  in r u n  HT-Z.14  in  a 3 . 5 - f o o t  f l u i d i z e d  
b e d  w i t h  a s y n t h e s i s  g a s  c o n t a i n i n g  58.6% h y d r o g e n ,  3 6 . 9 4  c a r b o n  m o n o x i d e ,  
a nd  4. 5% c a r b o n  d i o x i d e .  T h e  r a t i o  of  h y d r o g e n  p l u s  c a r b o n  m o n o x i d e  to  
c o a l  w a s  9 . 9  s t a n d a r d  c u b i c  f e e t  p e r  p o u n d ,  and  t he  s t e a m  c o n c e n t r a t i o n  in 
t h e  f e e d  g a s  w a s  4 7 . 5  m o l e  p e r c e n t .  T e m p e r a t u r e s  in  t h e  c o a l  bed  w e r e  
c o n t r o l l e d  to  a n o m i n a l  1 7 0 0 ° F ,  a n d  t h o s e  a b o v e  t h e  c o a l  b e d  to  1 3 0 0 ° F .  
R e a c t o r  p r e s s u r e  w a s  1111 p s i g .  T h e  c o a l  f e e d  r a t e  w a s  5 8 , 6  p o u n d s  p e r  
hour. 

T h e  r e s u l t s  of  r u n  H T - Z 1 4 ,  ( T a b l e  2 - A 7 ,  a p p e n d i x )  s h o w  t h a t  29 .6% 
of  t h e  c a r b o n  in  t h e  f e e d  w a s  g a s i f i e d  w h e n  t h e  M o n t a n a  s u b b i t u m i n o u s  c o a l  
r e a c t e d  w i t h  s y n t h e s i s  g a s  a t  a h y d r o g e n  to  c o a l  r a t i o  o f  1 7 . 7 % o f  t h e  s t o i c h i o -  
m e t r i c  r a t i o .  I n c l u d i n g  t h e  c a r b o n  m o n o x i d e  e q u i v a l e n t  of  h y d r o g e n  in  t h e  
f e e d  g a s ,  t h e  h y d r o g e n  to  c o a l  r a t i o  w a s  29% of  t he  s t o i c h i o m e t r i c  r a t i o .  

The  r e a c t i o n  of  t he  M o n t a n a  s u b b i t u m i n o u s  c o a l  to  h y d r o g a s i f i c a t i o n  
w i t h  s y n t h e s i s  g a s  i s  s i m i l a r  to t h a t  e x h i b i t e d  by P i t t s b u r g h  No. 8 s e a m  
b i t u m i n o u s  c o a l  to s y n t h e s i s  g a s .  F o r  e x a m p l e ,  in  r u n  H T - 2 0 9  ( T a b l e  2 - A 7 ,  
a p p e n d i x ) ,  29.2,4. of  t h e  c a r b o n  in a p r e t r e a t e d  P i t t s b u r g h  s e a m  b i t u m i n o u s  
c o a l  w a s  h y d r o g a s i f i e d  w h e n  t he  c o a l  r e a c t e d  w i t h  s y n t h e s i s  g a s  a t  a h y d r o -  
g e n  to c o a l  r a t i o  o f  18 .2 f f  of  t he  s t o i c h i o m e t r i c  r a t i o .  

H y d r o g a s i f i c a t i o n  of  t h e  M o n t a n a  s u b b i t u m i n o u s  c o a l  w i t h  s y n t h e s i s  g a s  
and  s t e a m  a t  a s y s t e m  p r e s s u r e  of  489 p s i g  w a s  s t u d i e d  in r u n  H T - 2 4 3 .  T h e  
c o a l  w a s  g a s i f i e d  in a 3. 5 - f o o t  f l u i d i z e d  b e d  a t  an  a v e r a g e  b e d  t e m p e r a t u r e  
of  1550 ° F  u s i n g  1 4 . 2  s t a n d a r d  c u b i c  f e e t  of  h y d r o g e n  p l u s  c a r b o n  m o n o x i d e  
p e r  p o u n d  of  coa l .  A t  t h e s e  c o n d i t i o n s ,  30 .0% of  t h e  c a r b o n  in  t h e  c o a l  w a s  
g a s i f i e d .  In  a s i m i l a r  t e s t ,  r u n H T - 2 4 8 ,  p e r f o r m e d  a t  a p r e s s u r e  of  594 
p s i g ,  a n  a v e r a g e  b e d  t e m p e r a t u r e  of  1 2 9 5 ° F ,  a n d  u s i n g  8 . 4 8  s t a n d a r d  c u b i c  
f e e t  of h y d r o g e n  p l u s  c a r b o n  m o n o x i d e  p e r  lb  of  c o a l ,  27 .4% of  t h e  c a r b o n  in  
t he  c o a l  w a s  g a s i f i e d .  

R u n  H T - 2 2 0 ,  ( T a b l e  2 - A 7 ,  a p p e n d i x )  w a s  d e s i g n e d  to i n v e s t i g a t e  t h e  
h y d r o g a s i f i c a t i o n  of  an  u n t r e a t e d  l i g n i t e  f r o m  S a v a g e ,  M o n t a n a ,  A m i x t u r e  
o f  s y n t h e s i s  g a s  a n d  s t e a m  w a s  u s e d  in a 3 . 5 - f o o t  f l u i d i z e d  b e d  a t  a n  a v e r a g e  
c h a r - b e d  t e m p e r a t u r e  o f  1 5 8 0 ° F ,  and  a t  a r e a c t o r  p r e s s u r e  of  986 p s i g .  

In t h i s  t e s t ,  t h e  d r i e d  l i g n i t e  w a s  f e d  a t  a r a t e  of  66 p o u n d s  p e r  h o u r  f o r  
r e a c t i o n  w i t h  s y n t h e s i s  g a s  f ed  a t  a r a t e  of 547 s t a n d a r d  c u b i c  f e e t  p e r  h o u r ,  
and  w i t h  s t e a m  f e d  a t  a r a t e  of 27 p o u n d s  p e r  h o u r ,  S y n t h e s i s  g a s  w a s  of  
t h e  s t a n d a r d  c o m p o s i t i o n  u s e d  in  p r e v i o u s  h y d r o g a s i f i c a t i o n  t e s t s  c o n t a i n i n g  
57 m o l e  p e r c e n t  h y d r o g e n .  38 m o l e  p e r c e n t  c a r b o n  m o n o x i d e ,  a n d  5 m o l e  

p e r c e n t  c a r b o n  d i o x i d e .  F l o w  r a t e s  w e r e  s e t  so  t h a t  t h e  h y d r o g e n  a n d  c a r -  
b o n  m o n o x i d e  to  l i g n i t e  r a t i o  w a s  25% of  t h e  s t o i c h i o m e t r i c  h y d r o g e n  to  
l i g n i t e  r a t i o .  T h e  s t e a m  c o n c e n t r a t i o n  in  t h e  f e e d  g a s  w a s  51 m o l e  p e r c e n t .  
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The gasification results of run HT-220 may be compared with those of 
runs HT-ZI9, performed at similar conditions, but with hydrogen and steam 
(Table 2-A7, appendix). (Results of run HT-ZI9 were discussed in the 
section on Montana lignite gasification. ) The results of these two tests 
are a good guide to the reactivity of the lignite to hydrogen compared to 
its reactivity to synthesis gas having the carbon monoxide equivalent of 
hydrogen. The net moisture- and ash-free lignite gasified was nearly 
identical in bothltests at 49%; however, 42% of the carbon was gasified when 
hydrogen was used, compared v~th only 33~ when synthesis gas was used. 
This higher carbon gasification is reflected in the 25~ higher hydrocarbon 
and carbon oxides yields per pound of lignite in run HT-219, as compared 
with run HT-220. Liquid yields of the two tests are also significantly 
different, paralleling the differences i n  carbon gasification (Table Z-Ag, 
appendix). More than 9% of the carbon in the lignite was converted to oil 
in the test with hydrogen, compared with only 4.3% conversion to oil in the 
test with synthesis gas. Steam decompositions were similar in both tests. 
With hydrogen feed gas, 22% of the steam fed was reacted; with synthesis 
gas, Z0% of the steam fed was consumed. The latter figure, of course, in- 
cludes steam reacted in the water-gas shift reaction of carbon monoxide 
in the synthesis gas. 

These studies show that Montana [ignite conversions, at levels acceptable 
for certain pipeline gas processes, can be obtained with a synthesis feed gas. 
A beneficial effect of using synthesis gas for lignite hydrogasification is the 
apparent suppression of oil production. This leaves more carbon available 
to react with the gaseous products, or to be retained in the lignite residue 
with subsequent conversion to hydrogen in the hydrogen production stage. 

"The reactivity of Montana lignite was found to be similar to that of 
North Dakota lignite in that both can be gasified to the desired extent with 
either hydrogen- steam or synthesis gas- steam mixture s. 

The reactivity in hydrogasification of a bituminous coal char from the 
FMC Corporation's Project COED, with a synthesis gas-steam mixture, 
was investigated in two tests. The purpose of these tests was to determine 
if this char, produced from an Illinois No. 6 seam, Crown mine high-volatile 
C bituminous coal, is sufficiently reactive to be used as a feed material for 
hydrogasification and methane production. 

In both test runs HT-222 and HT-223, (Table Z-A7, appendix) the FMC 
Illinois No. 6 char was gasified with the standard composition synthesis gas 
and steam in a 3.5-foot fluidized bed, a nominal reactor pressure of I000 
psig; the average char-bed temperature was 1455°F in run HT-Z2Z and 1590°F 
in run HT-223. Steam concentration in the feed gas was 50 to 51~ in both 
tests. In run HT-Z2Z, with a hydrogen to char ratio of 23.8~ of stoichiometric, 
12,3~ of the carbon was gasified. In run HT-223, with a hydrogen/char ratio 
of 18.3~ of stoichiometric, 14.5~ of the carbon was gasified. The lower of 
these two carbon conversions was apparently due to the lower reactor bed 
temperature in run HT-222. Both carbon conversions are somewhat lower 
than the 17.4~ carbon gasification achieved in Run HT-ZZI when the FMC 
char was gasified with hydrogen and steam. 
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2.3.3, 6 1500-psig Hydrogasification Tests 

S t a n d a r d  h y d r o g a s i f i c a t i o n  p r e s s u r e  in  P D U  t e s t i n g  w a s  1000 p s i g .  
H o w e v e r ,  in o r d e r  to  s t u d y  h o w  1500 p s i g  p r e s s u r e  w o u l d  a f f e c t  c a r b o n  
c o n v e r s i o n  a n d  g a s  c o m p o s i t i o n ,  f o u r  t e s t s  w e r e  c o n d u c t e d  a t  t h e  h i g h e r  
p r e s s u r e  w i t h  a l i g h t l y  p r e t r e a t e d  I r e l a n d  m i n e  b i t u m i n o u s  c o a l .  S o m e  
of t h e  a d v a n t a g e s  o f  h y d r o g a s i f i c a t i o n  a t  h i g h e r  p r e s s u r e s  a r e  e v i d e n t ,  
i n c l u d i n g :  1) h i g h e r  h y d r o g e n  p a r t i a l  p r e s s u r e s  in  t h e  f e e d  g a s ,  2) l o n g e r  
f e e d - g a s  r e s i d e n c e  t i m e ,  and  3) a m o r e  f a v o r a b l e  e q u i l i b r i u m  m e t h a n e  
c o n c e n t r a t i o n  i n  t he  p r o d u c t  g a s .  

At 1500 psig, run HT-IZ9, (Table 2-A7, appendix), was the first hydro- 
gasification test conducted in the balanced-pressure reactor at a pressure 
substantially above I000 psig. To maintain an adequate fluidization velocity, 
the feed-gas rates were increased to 750 standard cubic feet per hour of 
hydrogen and 35.8 pounds per hour of steam. Proportionally, the coal feed 
rate was increased to a nominal 75 pounds per hour t~ maintain the hydrogen 
to coal ratio at 25~of the stoichiometric ratio, 

Run HT-IZ9 was conducted with the coal bed controlled to 17000F. A 
carbon conversion to gaseous products of 37~ was realized while producing 
a product gas of 58Z Btu per standard cubic foot on a nitrogen-free basis. 
To obtain these results, a hydrogen %o coal ratio of 32~ of the stoichiometric 
ratio, and a steam concentration of 50 mole percent in the feed gas were 
required. 

R u n  H T - 1 5 4 ,  ( T a b l e  Z-AT,  a p p e n d i x ) ,  w a s  a c h e c k  r u n  to c o n f i r m  e a r l i e r  
r e s u l t s  of  h y d r o g a s i f i c a t i o n  a t  1500 p s i g .  L i k e  t h e  i n i t i a l  1 5 0 0 - p s i g  t e s t  i n  
r u n  H T - 1 2 9 ,  r u n  H T - 1 5 4  a l s o  w a s  m a d e  w i t h  a P i t t s b u r g h  s e a m  b i t u m i n o u s  
c o a l  f r o m  t h e  I r e l a n d  m i n e .  O p e r a t i n g  c o n d i t i o n s  o f  t h i s  t e s t  w e r e  s i m i l a r  
to  t h o s e  of  r u n  H T - 1 2 9 .  T h e  c o a l  w a s  f e d  a t  a n o m i n a l  r a t e  of  75 p o u n d s  
p e r  h o u r  a n d  r e a c t e d  in  a 3 . 5 - f o o t  b e d  w i t h  750 s t a n d a r d  c u b i c  f e e t  p e r  h o u r  
of  h y d r o g e n  a n d  36 p o u n d s  p e r  h o u r  of  s t e a m .  T h e  s o l i d s - b e d  t e m p e r a t u r e  
w a s  c o n t r o l l e d  a t  a n o m i n a l  1 7 0 0 ° F ,  w h i l e  t h e  f r e e - f a l l  r e a c t o r  s e c t i o n  a b o v e  
the coal bed was held at a nominal 1300°F. 

R e s u l t s  of  r u n  H T - 1 5 4  t e n d  to  be s o m e w h a t  e r r a t i c  b e c a u s e  t h e  s t e a d y -  
s t a t e  o p e r a t i n g  p e r i o d  w a s  m a r r e d  by i n t e r m i t t e n t  c o a l  f l o w  in t h e  f e e d  t u b e ,  
F o r  p u r p o s e s  o f  c o m p a r i s o n ,  t h e  k e y  o p e r a t i n g  c o n d i t i o n s  and  r e s u l t s  o f  t h e  
two  t e s t s  a r e  s u m m a r i z e d  in  T a b l e  2 - 7 .  

Two  t e s t s  w e r e  p e r f o r m e d  a t  a n o m i n a l  p r e s s u r e  o f  1500 p s i g  i n  w h i c h  
t h e  I r e l a n d  m i n e  b i t u m i n o u s  c o a l  w a s  g a s i f i e d  w i t h  a s y n t h e s i s  g a s - s t e a m  
f e e d  g a s .  T e s t  r u n s  H T - Z 2 5  a n d  H T - 2 4 2  ( T a b l e  2 - A 7 ,  a p p e n d i x ) ,  w e r e  b o t h  
p e r f o r m e d  i n  a 3 . 5 - f o o t  f l u i d i z e d  bed ,  C h a r - b e d  t e m p e r a t u r e s  in  b o t h  t e s t s  
w e r e  r e l a t i v e l y  l o w  b e c a u s e  t h e  l o w e r  r e a c t o r  h e a t i n g  z o n e  s h o r t e d  o u t  in  
b o t h  t e s t s .  T h e s e  l o w  t e m p e r a t u r e s  l i m i t e d  t h e  c a r b o n  g a s i f i c a t i o n  in  b o t h  
t e s t s .  In  r u n  H T - 2 2 5 ,  w i t h  an  a v e r a g e  b e d - t e m p e r a t u r e  of 1 3 6 5 ° F ,  1 7 . 4 5  
of  t h e  c a r b o n  w a s  g a s i f i e d ,  and  in  r u n  H T - Z 4 2 ,  a t  1 3 1 0 ° F ,  Z4. 5,~ of  t h e  c a r b o n  
w a s  g a s i f i e d .  

For purposes of comparison, the key results of runs HT-Z25 and HT-242 
are presented in Table 2-8 with those of run HT-169, a synthesis gas test 
conducted at I000 psig. A higher percentage of carbon gasification was 
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Tab le  Z-7. OPERATING CONDITIONS AND RESULTS OF 
HYDROGASIFICATION PDU TESTS AT 1 500-psig 

P i t t s b u r g h  No. 8 Seam, I r e l a n d  Mine,  B i t u m i n o u s  Coal  

Run No. HT-129 HT-154 

R e a c t o r  P r e s s u r e ,  p s i g  
R e a c t o r  Tube T e m p e r a t u r e ,  a v e r a g e ,  
Coal  Bed Height ,  ft  
Coal  F e e d  Ra te ,  l b / h r  
H y d r o g e n  F e e d  Rate ,  S C F / h r  
S team F e e d  Rate ,  l b / h r  
H y d r o g e n / C o a l  Rat io ,  % of 

s t o i c h i o m e t r ~ c  
S team C o n c e n t r a t i o n  in  F e e d  Gas ,  

m o l e  
S team Decomposed ,  % of s t e a m  fed 
S team D e c o m p o s e d ,  % of t o t a l  

e q u i v a l e n t  s t e a m  fed 
C a r b o n  Gas i f i ed ,  ~ 
M A F  Coa l  Gas i f i ed ,  
H y d r o c a r b o n  Yield,  S C F / l b  
CO + CO z Yield, SCF/Ib 
Carbon in Oil Products, 

of carbon in coal 

Product Gas Composition, mole 

Nitrogen 
Carbon Monoxide 
Carbon Dioxide 
Hydrogen 
M ethane  
E thane  
P r o p a n e  
Butane  
Benzene  

P r o d u c t  Gas Hea t i ng  Value,  B t u / S C F  

o F 
1502 1500 
1650 1495 
3.5 3.5 

63.51 65.78 
776.7 769.9 
36. I 37.7 

32.1 30.3 

49.5 50.7 
5.01 Z. 84 

25.0 23.3 
37.3 Z4.6 
45.4 26.9 
5.55 4.06 
2.26 1.15 

i. 23 0. 707 

26.4 17.7 
6.4 4.0 
5.3 4.4 

32.9 44. 2 
28.1 28.7 
0.5 0.7 
0.1 0.2 
0.0 0.0 
0.3 0. i 
4Z8 461 

A7 50 6 1 530 
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Table Z--8. COMPARISON OF IRELAND MINE BITUMINOUS COAL 
HYDROGASIFICATION PDU TEST RESULTS WITH SYNTHESIS 

GAS AT i000- AND 1500-psig SYSTEM PRESSURES 

Run No. 

F e e d  Gas 

R e a c t o r  P r e s s u r e ,  ps ig  

Goal Bed Te'mp A v e r a g e ,  °F  

Coal  F e e d  Ra te ,  l b / h r  

S y n t h e s i s  Gas  Rate ,  S C F / h r  

S t e a m  F e e d  Rate ,  l b / h r  

H y d r o g e n / C o a l  Rat io ,  
of stoi c h i o m e t r i c  

E q u i v a l e n t  Hyd r og e n / C  oal  
Rat io ,  ~ of s t o i c h i o m e t r i c  

S team C o n c e n t r a t i o n  in F e e d  
Gas,  m o l e  

S t e a m  D e c o i n p o s e d ,  % of to t a l  
e q u i v a l e n t  s t e a m  fed 

C a r b o n  Gas] f ied,  

M A F  Coal  Gasifie 'd,  

H y d r o c a r b o n  Yield ,  S C F / l b  

C O  + C O  z Yield,  S C F / l b  

P r o d u c t  Gas C o m p o s i t i o n  
( n i t r o g e n - f r e e ) ,  m o l e  

C a r b o n  Monox ide  

C a r b o n  Dioxide  

H y d r o g e n  

Me thane  

E t h a n e  

P r o p a n e  

B e n z e n e  

H y d r o g e n  Sulf ide 

Tota l  

P r o d u c t  Gas Hea t ing  Value  
(nitrogen-free), B t u / S C F  

HT-225 HT-169 HT-242 

Synthesis Gas 

1478 1026 1556 

1365 1615 1310 

63.49 46.05 42.58 

626.5 512.6 674.0 

33.06 25.06 32° 41 

13.0 15.4 24.8 

25.0 28.8 40.9 

52.6 50.7 50.3 

36.5 27.08 45.2 

17.4 23.8 24.5 

22.1 37.3 29.2 

2, 69 4. IZ 3.46 

0. 662 0. 767 0. 929 

19.9 

27.0 

30 .5  

21 0 

0 5 

0 4 

0 4 

0 3 

I00.0 

15.7 17.8 

28.3 23.7 

26.0 39.3 

28.5 17.8 

0.8 0.7 

0.2 0.1 

0.3  0 . 6  

0 .2  0 .0  

100.0  100 .0  

4O4 447 396 

A7506 1 531 
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a t t a i n e d  in r u n  H T - 2 4 2  (24.5%) t h a n  in r u n  H T - 2 2 5  (17.4~-) a t  1500 p s i g ,  
p r i n c i p a l l y  b e c a u s e  of  t h e  l a r g e r  24 .8% h y d r o g e n - t o - c o a l  r a t i o  of  s t o i c h i o -  
m e t r i c  c o m p a r e d  to  1 3 . 0 <  of  s t o i c h i o m e t r i c .  P r o d u c t - g a s  c o m p o s i t i o n s  
of  t h e  two  t e s t s  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t .  A t  a s y s t e m  p r e s s u r e  o f  
1000 p s i g  in  r u n H T - 1 6 9 ,  a c a r b o n  g a s i f i c a t i o n  of  23 .8%,  n e a r l y  e q u a l  to  
t h a t  o f  r u n  H T - 2 4 2 ,  w a s  o b t a i n e d  w i t h  a s i g n i f i c a n t l y  l o w e r  h y d r o g e n - t o -  
c o a l  r a t i o  ( 1 5 . 4 < )  t h a n  in  r u n  H T - 2 4 2 .  T h e  p r o d u c t  g a s  of  r u n  H T - 1 6 9  h a s  
a l a r g e r  m e t h a n e  c o n c e n t r a t i o n  a n d  a l o w e r  h y d r o g e n  c o n c e n t r a t i o n  t h a n  
e i t h e r  r u n  H T - 2 2 5  o r  H T - 2 4 2 .  T h e  p o o r e r  r e s u l t s  a t  a s y s t e m  p r e s s u r e  
of 1 500 p s i g  a r e  a t t r i b u t e d  to  t h e  r e l a t i v e l y  l o w  a v e r a g e  c o a l - b e d  t e m p e r a -  
t u r e s  of, 1 3 6 5 ° F  in r u n  H T - 2 2 5  and  1 3 1 0 ° F  in  r u n  H T - 2 4 2 , *  c o m p a r e d  to  
1 6 1 5 ° F  in r u n H T - 1 6 9 .  

2 . 3 . 3 . 7  5 0 0 - p s i g  H y d r o g a s i f i c a t i o n  T e s t s  

H y d r o g a s i f i c a t i o n  of  s e l e c t e d  f e e d s  a t  a r e a c t o r  p r e s s u r e  of  500 p s i g  
w a s  s t u d i e d  to  d e t e r m i n e  t h e  e f f e c t  of  t h e  l o w e r  p r e s s u r e  on  c a r b o n  c o n -  
v e r s i o n .  C o a l  f e e d s  g a s i f i e d  a t  500 p s i g  i n c l u d e d  P i t t s b u r g h  No.  8 s e a m  
c o a l  f r o m  t h e  I r e l a n d  m i n e ,  a N o r t h  D a k o t a  l i g n i t e ,  a n d  a M o n t a n a  s u b -  
b i t u m i n o u s  c o a l .  T h e  p r i n c i p a l  a d v a n t a g e s  of g a s i f i c a t i o n  a t  a l o w e r  
p r e s s u r e  a r e  a r e d u c e d  c a p i t a l  i n v e s t m e n t  in  t h e  p l a n t  e q u i p m e n t  a n d  a 
s i m p l e r  and  m o r e  e a s i l y  o p e r a b l e  c o a l  f e e d i n g  a n d  s p e n t  c h a r  r e m o v a l  
s y s t e m s .  T h e s e  a d v a n t a g e s  w o u l d  h a v e  t o  o u t w e i g h :  

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

2) t h e  r e d u c e d  m e t h a n e  p r o d u c t i o n  b e c a u s e  of  t h e  l e s s  f a v o r a b l e  e q u i l i -  
b r i u m  m e t h a n e  c o n c e n t r a t i o n  a t  t h e  l o w e r  p r e s s u r e .  

F e e d s  of  r e l a t i v e l y  h i g h  r e a c t i v i t y ,  s u c h  a s  l i g n i t e  a n d  s u b b i t u m i n o u s  
c o a l ,  s h o w e d  t h e  b e s t  p r o m i s e  o f  h y d r o g a s i f i c a f i o n  a t  500 p s i g  w i t h  a c c e p t a b l e  
c a r b o n  c o n v e r s i o n s .  A l l  t h r e e  o f  t h e  f e e d s  w e r e  g a s i f i e d  w i t h  h y d r o g e n  a n d  
s t e a m .  T h e  l i g n i t e  a n d  t h e  s u b b i t u m i n o u s  c o a l  w e r e  a l s o  g a s i f i e d  w i t h  
s y n t h e s i s  g a s  a n d  s t e a m  a t  s e l e c t e d  c o n d i t i o n s .  

L i g h t l y  p r e t r e a t e d  P i t t s b u r g h  s e a m  h i g h - v o l a t i l e  c o n t e n t  b i t u m i n o u s  c o a l  
f r o m  t h e  I r e l a n d  m i n e  w a s  g a s i f i e d  in  r u n  H T - 2 2 4 ,  ( T a b l e  2 - A 7 ,  a p p e n d i x ) ,  in  
a 3 . 5 - f o o t  f l u i d i z e d  b e d  a t  a p r e s s u r e  of  534 p s i g ,  a n d  a t  a n  a v e r a g e  c o a l  b e d  
t e m p e r a t u r e  of  1 6 6 0 ° F .  T h e  h y d r o g e n - t o - c o a l  r a t i o  w a s  2 3 . 8 <  of  s t o i c h i o -  
metric, and the steam concentration in the feed gas was 37.2 mole percent. 
At these conditions, 26.3% of the carbon was gasified and a product gas with 
a heating value of 510 Btu per standard cubic foot was produced. 

K e y  h y d r o g a s i f i c a t i o n  r e s u l t s  of  r u n  H T - 2 2 4  a r e  s u m m a r i z e d  in T a b l e  
2 - 9  f o r  c o m p a r i s o n  w i t h  t h o s e  of  t h e  two  e a r l i e r  t e s t  r u n s  H T - 1 1 9  a n d  
H T - 1 2 8 .  T h e  e a r l i e r  r u n s  w e r e  c o n d u c t e d  a t  s i m i l a r  c o n d i t i o n s  b u t  a t  1000 
p s i g  to  s h o w  t h e  e f f e c t  of  s y s t e m  p r e s s u r e .  T h e  c a r b o n  g a s i f i c a t i o n  of  

T h e  t e m p e r a t u r e  l e v e l  a t t a i n e d  in  r u n  H T - 2 4 2  w a s  l i m i t e d  by t he  h e a t  i npu t  
c a p a c i t y  of  t h e  r e a c t o r  e l e c t r i c a l  h e a t e r s .  
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Table Z-9. COMPARISON OF IRELAND MINE BITUMINOUS COAL HYDRO- 
GASIFICATION PDU TEST RESULTS AT 500 AND 1000-psig SYSTEM 

Run No. 

R e a c t o r  P r e s s u r e ,  ps ig  

Coal  Bed T e m p  A v e r a g e ,  °F 

Coal  Bed Height ,  ft  

Coal  F e e d  Ra te ,  l b / h r  

H y d r o g e n  F e e d  Rate ,  S C F / h r  

S team F e e d  Ra te ,  l b / h r  

S t e a m / C o a l  Rat io,  l b / h r  

H y d r o g e n / C o a l  Rat io :  
of s t o i c h i o m e t r i c  

S team C o n c e n t r a t i o n  in F e e d  
Gas,  m o l e  < 

S team D e c o m p o s e d ,  g of to ta l  
e q u i v a l e n t  s t e a m  fed 

C a r b o n  Gas i f i ed ,  

MAF Coal  Gas i f i ed ,  

Hydroca rbon .  f i e l d ,  S C F / l b  

CO + CO z Yield ,  S C F / l b  

P r o d u c t  Gas C o m p o s i t i o n ,  
n i t r o g e n - f r e e ,  m o l e  

Carbo-a Monox ide  

C a r b o n  Diox ide  

H y d r o g e n  

M e thane  

E t h a n e  

P r o p a n e  

Benzene 

Total 

Product Heating Value, 
n i t r o g e n - f r e e ,  B t u / S C F  

PRESSURES 

HT-Z24 HT-II9 HT-IZ8 

534 1035 1070 

1660 I~35 1765 

3.5 3.5 3,5 

37. 17 54.70 66,81 

3Z7.7 448. 1 708.9 

9.22 10.25  15.62 

0. 248 0. 187 0. 234 

23,8 Zl.Z 
't' 

37, 2 32.5 

28.0 

31,6 

48. 6 41, Z 44.0 

Z6. 3 27.5 37.0 

32, 5 34. 5 46.4 

3.24 4. 18 4.97 

Z, 08 1 . 83 Z, 7Z 

13 

5 

53 

27. 

0 

0 

O. 

100. 

510 

1 12,9 14.7 

0 3.6 4.8 

5 45.4 44.7 

5 36.9 B4.8 

5 0 . 6  0 . 5  

1 0 .3  0, i 

3 0.3 0 . 4  

0 100.0  100.0 

579 564 

A7506 1 532 
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r u n  H T - 2 2 4  i s  o n l y  s o m e w h a t  l o w e r  t h a n  t h a t  of  r u n  H T - 1 1 9 ,  b u t  i t  w a s  
a p p r e c i a b l y  l o w e r  t h a n  t h a t  o f  r u n  H T - 1 2 8 .  T h e  h i g h e r  c a r b o n  g a s i f i c a t i o n  
of  r u n  H T - 1 2 8  i s  d u e  p a r t i a l l ~ r  to  t h e  h i g h e r  h y d r o g e n - t o - c o a l  r a t i o  (28 ~ 
of s t o i c h i o m e t r i c )  c o m p a r e d  to  t h a t  of  r u n  H T - 2 2 4  ( Z 3 . 8 ~  of  s t o i c h i o m e t r ~ c ) .  
T h e  p r o d u c t  g a s  c o m p o s i t i o n  s h o w s  t h e  e f f e c t  of t h e  l o w e r  o p e r a t i n g  p r e s s u r e  
on  t h e  l o w e r  m e t h a n e  c o n c e n t r a t i o n  in r u n  H T - 2 2 4 .  

In a t e s t  p e r f o r m e d  w i t h  a N o r t h  D a k o t a  l i g n i t e  a t  a n o m i n a l  r e a c t o r  
p r e s s u r e  of  500 p s i g  ( r u n  H T - Z 3 9 ,  T a b l e  Z - A 7 ,  a p p e n d i x ) ,  t h e  h y d r o g a s i f i c a t i o n  
r e a c t i v i t y  of  l i g n i t e  w i t h  h y d r o g e n  a n d  s t e a m  w a s  s h o w n  to r e m a i n  r e l a t i v e l y  
h i g h  a t  t h e  l o w e r  p r e s s u r e .  On  a m o i s t u r e -  a n d  a s h - f r e e  b a s i s ,  m o r e  t h a n  
54~ of  t h e  l i g n i t e  w a s  g a s i f i e d ,  and  41 .4@ of t h e  c a r b o n  in  t h e  l i g n i t e  w a s  
c o n v e r t e d  to  g a s e o u s  p r o d u c t s  a t  a n  a v e r a g e  b e d  t e m p e r a t u r e  of  1 5 3 5 ° F ,  
a n d  w i t h  a h y d r o g e n - t o - l i g n i t e  r a t i o  of  34.  Z~ of  s t o i c h i o m e t r i c .  

F o r  p u r p o s e s  of  c o m p a r i s o n ,  k e y  r e s u l t s  o f  t e s t  H T - Z 3 9  a r e  p r e s e n t e d  
in  T a b l e  2 - 1 0  w i t h  t h o s e  of r u n  H T - 1 4 5 ,  c o n d u c t e d  a t  g e n e r a l l y  s i m i l a r  c o n -  
d i t i o n s ,  b u t  a t  a s y s t e m  p r e s s u r e  of  1000 p s i g .  C a r b o n  g a s i f i c a t i o n  at  500 
p s i g  w a s  o n l y  s o m e w h a t  l e s s  t h a n  t h e  4 2 . 1 4  o b t a i n e d  a t  1000 p s i g .  H o w e v e r ,  
t h e r e  w a s  a s h i f t  in  t h e  p r o p o r t i o n  of  t h e  c a r b o n  in t h e  l i g n i t e  c o n v e r t e d  to  
h y d r o c a r b o n s  a n d  to  c a r b o n  o x i d e ,  a s  s h o w n  by  t h e  s t a n d a r d  c u b i c  f o o t - p e r -  
p o u n d  y i e l d  d a t a  f o r  t h e s e  g a s e o u s  p r o d u c t s .  The  h y d r o c a r b o n  y i e l d  a t  500 
p s i g  w a s  o n l y  86~  of  t h a t  a t  1000 p s i g ,  w h i l e  t h e  c a r b o n  o x i d e s  y i e l d  a t  t h e  
l o w e r  p r e s s u r e  w a s  115~ o f  t h a t  a t  t h e  h i g h e r  p r e s s u r e .  T h e  h i g h e r  h y d r o -  
g e n - t o - l i g n i t e  r a t i o  of  r u n  H T - Z 3 9  ( 3 4 . 2 ~  of  s t o i c h i o m e t r i c ) ,  c o m p a r e d  to  
t h a t  of r u n  H T - 1 4 5  ( 2 4 . 7 ~  of  s t o i c h i o m e t r i c )  i s  p a r t i a l l y  r e s p o n s i b l e  f o r  
t h e  l i g n i t e  g a s i f i c a t i o n  a t  500 p s i g  b e i n g  s i m i l a r  to  t h a t  a t  1000 p s i g .  S i x t y -  
f o u r  p e r c e n t  l e s s  c a r b o n  in  l i g n i t e  w a s  c o n v e r t e d  to  o i l  a t  500 p s i g  ( 4 . 7 5 ~  
of  t h e  c a r b o n  in  t h e  l i g n i t e )  t h a n  a t  1000 p s i g  ( 7 . 3 9 ¢  of  t h e  c a r b o n  in  t h e  
l i g n i t e ) .  A l o w e r  m e t h a n e  c o n c e n t r a t i o n  in  t h e  p r o d u c t  g a s  of  t h e  t e s t  a t  
500 p s i g  w a s  a s  e x p e c t e d ,  b e c a u s e  o f  l o w e r  e q u i l i b r i u m  m e t h a n e  c o n c e n -  
t r a t i o n  a t  t h i s  p r e s s u r e  c o m p a r e d  w i t h  t h a t  a t  1000 p s i g .  

T h e  h y d r o g a s i f i c a t i o n  o f  N o r t h  D a k o t a  l i g n i t e  i n  r u n  H T - 2 4 1 ,  a t  500 p s i g  
w i t h  s y n t h e s i s  g a s  a n d  s t e a m ,  w a s  d i s c u s s e d  i n  t h e  s e c t i o n  on t he  e f f e c t  of  
s y n t h e s i s  g a s  on  c o a l  g a s i f i c a t i o n .  C a r b o n  g a s i f i c a t i o n  w a s  n o t  u n d u l y  
a f f e c t e d  by t h e  l o w e r  p r e s s u r e  w h e n  c o m p a r e d  w i t h  t h e  r e s u l t s  of  r u n  H T - 1 9 5 ,  
p e r f o r m e d  a t  s i m i l a r  c o n d i t i o n s ,  b u t  a t  a p r e s s u r e  of  1031 p s i g .  In r u n  H T - 2 4 1  
c a r b o n  g a s i f i e d  w a s  36~ of  t h a t  in  t h e  f e e d  l i g n i t e  w i t h  a h y d r o g e n - t o - l i g n i t e  
r a t i o  of  1 6 . 9 ~  of  s t o i c h i o m e t r i c .  In  r u n  H T - 1 9 5 ,  w i t h  a h y d r o g e n - t o - l i g n i t e  
r a t i o  of  17. 5~ of  s t o i c h i o m e t r i c ,  4 0 . 8 ~  of  t h e  c a r b o n  w a s  g a s i f i e d .  

T h e  e f f e c t  o f  p r e s s u r e  on  M o n t a n a  s u b b i t u m i n o u s  c o a l  h y d r o g a s i f i c a t i o n ,  
w i t h  h y d r o g e n  a n d  s t e a m ,  w a s  s t u d i e d  i n  t e s t  r u n s  H T - 2 4 4  and  H T = 2 4 7  ( T a b l e  
2 - A 7 ,  a p p e n d i x ) ,  w h i c h  w e r e  p e r f o r m e d  a t  a n o m i n a l  r e a c t o r  p r e s s u r e  o f  500 
p s i g .  R e s u l t s  of  t h e s e  t w o  t e s t s  a r e  c o m p a r e d  in  T a b l e  2 -11  w i t h  t h o s e  of  
r u n  H T - 2 1 6 ,  w h i c h  w a s  c o n d u c t e d  a t  s i m i l a r  c o n d i t i o n s ,  bu t  a t  1000 p s i g .  

T h e  r e s u l t s  o f  r u n s  H T - 2 4 4  and  H T - 2 4 7  a s  s h o w n  in T a b l e  2 - 1 1 ,  a r e  
s i m i l a r ,  i n d i c a t i n g  g o o d  r e p r o d u c i b i l i t y .  C a r b o n  g a s i f i c a t i o n  w a s  24# in  
r u n  H T - 2 4 4  a n d  26~ in  r u n  H T - 2 4 7 .  C a r b o n  c o n v e r s i o n  to  o i l s  w a s  o n l y  
s o m e w h a t  l a r g e r  i n  r u n  H T - 2 4 7 ,  w i t h  5 . 4 3 #  of  t h e  c a r b o n  in t h e  c o a l  c o n -  
v e r t e d  to  o i l ,  c o m p a r e d  to 4 . 3 3 ~  f o r  r u n  H T - 2 4 4 .  P a r t i a l l y  r e s p o n s i b l e  
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Table 2-i0. COMPARISON OF NORTH DANOTA LIGNITE HYDRO- 
GASIFICATION PDU TEST RESULTS AT 500 AND 1000-psig 

SYSTEM PRESSURES 

Run No. 

Reactor Pressure, psig 

[,ignite Bed Temp Average, OF 

Lignite Bed Height, ft 

Lignite Feed IRate, ib/hr 

H y d r o g e n  Feed Rate ,  SCF/hr 

Steam Feed Rate, Ib/hr 

Steam/Lignite Ratio, Ib/ib 

H y d r o g e n / L i g n i t e  Rat io ,  ~ of 
s t o i c h i o m e t r i c  2 4 . 7  

S team C o n c e n t r a t i o n  in F e e d  Gas,  
mole  ,4o 31 .2  

S team Decomposed ,  ,4o to to ta l  
equ iva l en t  s t e a m  fed 75.9 

C a r b o n  Gas i f i ed ,  ~ 42.1  

MAF Lign i t e  Gas i f i ed ,  ~ 58.1 

H y d r o c a r b o n  Yield,  S C F / l b  5 .06  

CO + CO,. Yield, SCF/Ib 3.22 

Carbon in Oil Fraction, ~ of 
carbon in lignite 7.39 

Product-Gas Composition 
(nitrogen-free), mole 

Carbon Monoxide II. 2 

Carb on  Dioxide 14.2  

H y d r o g e n  34 .9  

Methane  37.1 

E thane  1 .6  

P r o p a n e  0 .8  

Benzene  0 .2  

Hydrogen Sulfide -- 

Total 

Product-Gas Heating Value 
(nit  r o g e n - f r e e ) ,  Btu /SC F 574 

HT-145 HT-239 

1048 478 

1675 1535 

3 .5  3 .5  

• 85 .76  32 .07  

710.3  368 .8  

15.35 8 .69  

0. 179 0. 271 

100.0  

34. Z 

33.1 

56 .9  

4 1 . 4  

54 .2  

4 .33  

3 .68  

4.75 

12.5 

10.1 

50.2 

24. 9 

1.2 

0.5 

0.5 

0. I 

I00.0 

501 

A7506 1533 
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T a b l e  2 -11 .  C O M P A R I S O N  OF M O N T A N A  SUBBIT UMINOUS COAL HYDRO- 
G A S I F I C A T I O N  R E S U L T S  WITH HYDROGEN AND S T E A M  AT 500 

AND 1 0 0 0 - p s i g  SYSTEM P R E S S U R E S  

Run No. 

Reactor Pressure, psig 

Coal-Bed Temp Average, °F 

Coal Feed Rate, ib/hr 

Hydrogen Rate, SCF/hr 

Steam Feed Rate, Ib/hr 

Hydrogen/Coal Ratio, ~ of 
stoichiometric 

Steam Concentration in Feed 
Gas, mole d 

S t e a m  D e c o m p o s e d ,  ~ of t o t a l  
equivalent steam fed 

C a r b o n  G a s i f i e d ,  

M A F  Coa l  G a s i f i e d ,  4 

H y d r o c a r b o n  Yie ld ,  S C F / l b  

CO + CO z Yie ld ,  S C F / l b  

P r o a u c t - G a s  R a t e  
( n i t r o g e n - f r e e ) ,  S C F / h r  

C a r b o n  M o n o x i d e  

C a r b o n  Di ox ide  

H y d r o g e n  

M e t h a n e  

E t h a n e  

P r o p a n e  

Benzene 

Hydrogen Sulfide 

Total 

Product-Gas Heating Value 
(nitrogen-fr ee), Btu/SC F 

H T - 2 1 6  HT-244 HT-247 

10 52 488 549 

1615 1385 1460 

53.74 69.45 54.60 

461.3 343.8 377.9 

II. 80 9.2Z 8.90 

24.80 14.2 19.9 

34.9 36.0 33.1 

63.1 59.8 50.4 

43.1 23. 5 26. 1 

56.3 34.7 36. Z 

5.12 1.88 2.80 

3.37 2.72 2.22 

664.2 585.4 561.3 

16.4 24.7 13.5 

I0.9 7.6 8.1 

30. 7 45.0 50.7 

39, 0 20.4 25.2 

1.8 1.2 1.4 

0.6 0 . 7  0.6 

0.6 0.4 0.5 

100 .0  1 0 0 . 0  100 .0  

608 479 514 

A750 6 l 534 
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f o r  t h e  s o m e w h a t  l a r g e r  c a r b o n  c o n v e r s i o n s  of r u n  H T - Z 4 4  a r e  t h e  h i g h e r  
ave  r a g e  c o a l - b e d  t e m p e r a t u r e  (1460 ° F  c o m p a r e d  to 1385 °F)  and  t he  l a r g e r  
h y d r o g e n - t o - c o a l  r a t i o  ( 1 9 . 9 ~  of  s t o i c h i o m e t r i c . v e r s u s  1 4 . 2 ~  of  s t o i c h i o -  
m e t r i c ) .  

H o w  p r e s s u r e  a f f e c t s  M o n t a n a  s u b b i t u m i n o u s  c o a l  h y d r o g a s i f i c a t i o n  
r e s u l t s  is  s h o w n  by a c o m p a r i s o n  of  t h e  k e y  r e s u l t s  of r u n s  H T - 2 4 4  a n d  
H T - 2 4 7  w i t h  t h o s e  of r u n  HT- .216 ,  c o n d u c t e d  e a r l i e r  a t  s i m i l a r  c o n d i t i o n s  
e x c e p t  f o r  1000 p s i g .  T h e  c a r b o n  g a s i f i c a t i o n ,  h y d r o c a r b o n  y i e l d ,  a n d  
p r o d u c t - g a s  :hea t ing  v a l u e s  a r e  s i g n i f i c a n t l y  g r e a t e r  a t  1000 p s i g  t h a n  a t  
500 p s i g .  T h i s  i n d i c a t e s  t h a t  s y s t e m  p r e s s u r e  s h o u l d  be  in t h e  1 0 0 0 - p s i  
r a n g e  to m a x i m i z e  m e t h a n e  f o r m a t i o n  in the  h y d r o g a s i f i e r .  

T h e  h y d r o g a s i f i c a t i o n  of M o n t a n a  s u b b i t u m i n o u s  c o a l  a t  a n o m i n a l  
p r e s s u r e  of 500 p s i g  w i t h  s y n t h e s i s  g a s  and  s t e a m  in t e s t  r u n s  H T - Z 4 3  a n d  
H T - 2 4 8 ,  w a s  d i s c u s s e d  in t h e  s e c t i o n  t h a t  d e s c r i b e s  h o w  s y n t h e s i s  g a s  
a f f e c t s  c o a l  g a s i f i c a t i o n .  T h e  w e i g h t  p e r c e n t a g e  of c a r b o n  g a s i f i e d  in  t h e s e  
t w o  t e s t s ,  3 0 . 0 ~  ( r u n  H T - 2 4 3 )  a n d  Z7.4~0 (run H T - Z 4 8 ) ,  c o m p a r e  f a v o r a b l y  
w i t h  2 9 . 6 ~  o b t a i n e d  in  r u n  H T - Z 1 4 ,  p e r f o r m e d  a t  s i m i l a r  c o n d i t i o n s  w i t h  
s y n t h e s i s  g a s  a n d  s t e a m ,  bu t  a t  a s y s t e m  p r e s s u r e  of  1111 p s i g .  

2 . 3 . 3 . 8  P r o d u c t  G a s  C o m P o s i t i o n  a n d  T r a c e  C o m p o n e n t s  

T h e  m a j o r  c o n s t i t u e n t s  of  t h e  p r o d u c t  g a s e s  p r o d u c e d  by t h e  h y d r o g a s i f i -  
c a t i o n  of  c o a l  a n d  l i g n i t e  w i t h  h y d r o g e n  a n d  s t e a m  in  t h e  P D U  t e s t s  d i s c u s s e d  
a r e :  m e t h a n e ,  c a r b o n  o x i d e s  ( c a r b o n  m o n o x i d e  and  c a r b o n  d i o x i d e ) ,  a n d  
h y d r o g e n .  M e t h a n e  c o n c e n t r a t i o n  is  d e t e r m i n e d  by  t h e  d e g r e e  of  c o a l  c o n -  
v e r s i o n  k n d  I n a y  a l s o  be  c o n t r o l l e d  by  t h e  r e a c t o r  t e m p e r a t u r e  t h a t  s e t s  t h e  
e q u i l i b r i u m  c o m p o s i t i o n  of  t he  p r o d u c t  g a s .  T h e  a m o u n t  of  c a r b o n  o x i d e s  
f o r m e d  is  d e p e n d e n t  on  t h e  o x y g e n  c o n t e n t  of  t h e  c o a l  f e e d s  and  t he  s t e a m -  
t o - c o a l  r a t i o .  F e e d s  h i g h  in o x y g e n  c o n t e n t  s u c h  a s  s u b b i t u m i n o u s  c o a l  a n d  
l i g n i t e ,  w h e n  g a s i f i e d ,  p r o d u c e  m o r e  c a r b o n  ox ide ' s  t h a n  b i t u m i n o u s  c o a l s  
p r o d u c e  a t  s i m i l a r  c o n d i t i o n s .  In  a d d i t i o n ,  t h e  h i g h e r  t h e  s t e a m - t o - c o a l  
r a t i o ,  t h e  g r e a t e r  w i l l  be  t h e  c a r b o n  o x i d e s  p r o d u c t i o n ,  o t h e r  c o n d i t i o n s  
b e i n g  e q u a l .  T h e  r a t i o  o f  c a r b o n  m o n o x i d e  to  c a r b o n  d i o x i d e  is  s e t  by  t h e  
w a t e r - g a s  s h i f t  r e a c t i o n ,  w h i c h  i s  t e m p e r a t u r e  c o n t r o l l e d .  H y d r o g e n  c o n -  
t e n t  of  t h e  p r o d u c t  g a s  i s  d e t e r m i n e d  l a r g e l y  by  t h e  q u a n t i t y  of u n r e a c t e d  
h y d r o g e n  r e m a i n i n g  a f t e r  t h e  r e a c t i o n .  T h e  c o n c e n t r a t i o n  of  h y d r o g e n  i s  
r e l a t e d  d i r e c t l y  to  t h e  f e e d  h y d r o g e n - t o - c o a l  r a t i o ,  bu t  n o t  t i n e a r l y .  As  
t h e  s t o i c h i o m e t r i c  h y d r o g e n - t o - c o a l  r a t i o  i s  i n c r e a s e d ,  c o n c e n t r a t i o n  i n  t h e  
p r o d u c t  g a s  t e n d s  to  i n c r e a s e  a t  a g r e a t e r  r a t e .  

in  a d d i t i o n  to  m e t h a n e ,  s m a l l  q u a n t i t i e s  of o t h e r  s a t u r a t e d  h y d r o c a r b o n s  
a r e  p r o d u c e d .  T y p i c a l  c o n c e n t r a t i o n s  o f  t h e s e  c o m p o n e n t s  a r e ,  e t h a n e ,  1 .5%; 
p r o p a n e ,  0 . 5 ~ ;  a n d  b u t a n e ,  0 .2%.  T h e  p r i n c i p a l  a r o m a t i c  in  t h e  p r o d u c t  g a s ,  
g e n e r a l l y  t e s s  t h a n  14, i s  b e n z e n e .  

A p o r t i o n  of  t h e  n i t r o g e n  in t h e  c o a l  i s  g a s i f i e d .  A s u b s t a n t i a l  p a r t  -- 
if  n o t  a l l  - o f  t h e  g a s i f i e d  n i t r o g e n  a p p e a r s  i n  t h e  r e a c t o r  p r o d u c t  g a s  a s  
a m m o n i a ;  the, a m m o n i a  d i s s o l v e s  i n  t h e  w a t e r  c 6 n d e n s a t e .  
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S u l f u r  r e m o v a l  in  h y d r o g a s i f i c a t i o n  w a s  c a l c u l a t e d  f r o m  a n a l y s e s  of  t h e  
c o a l  f e e d s  and r e s i d u e s  w i t h  t h e  r e s u l t s  s h o w n  in  F i g u r e  2 - 1 4 .  Whi le  d a t a  
a r e  c o n s i d e r a b l y  s c a t t e r e d ,  i t  i s  e v i d e n t  t h a t  s u l f u r  r e m o v a l  t e n d s  to i n c r e a s e  
a s  g a s i f i c a t i o n  p r o c e e d s ,  and  t h a t  t he  s u l f u r  i s  p r e f e r e n t i a l l y  g a s i f i e d ,  i . e .  
t h e  p e r c e n t  of  f e e d  s u l f u r  c o n v e r t e d  i s  a l w a y s  h i g h e r  t h a n  t he  p e r c e n t  o f  c o a l  
c o n v e r t e d ,  on a m o i s t u r e -  and  a s h - f r e e  b a s i s .  C o n v e r s i o n  of  s u l f u r  in  t w o  
l o w - s u l f u r  S e w e l l  s e a m  c o a l s ,  one  l o w - v o l a t i l e  b i t u m i n o u s  and the  o t h e r  
medium-volatile bituminous, may be significantly higher than that of lower- 
rank coals. Scatter of data points for a single coal --the Pittsburgh No. 8 
seam -- was not significantly reduced by attempted correlation with gasifi- 
cation condi1:ions. 

Most of the sulfur appears in the reactor product gas as hydrogen sulfide, 
accompanied by small arnoualts (probably <200 ppm) of carbonyl sulfide (COS) 
and traces of organic sulfur compounds. Upon cooling of the gas, a substantial 
part of the hydrogen sulfide is absorbed by the water condensate along with 
the ammonia. 
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Z. 3 . 3 . 9  C h a r  C o m p o s i t i 0 n s  

Cha r  r a t e s  and c o m p o s i t i o n s  r e f l e c t e d  the d e g r e e  of c o n v e r s i o n  of the 
f eeds  to g a s e o u s  and l iqu id  p r o d u c t s .  Vola t i l e  m a t t e r  con t en t s  of b i t u m i n o u s  
coa l s  w e r e  g e n e r a l l y  r e d u c e d  to 3~ or  l e s s ,  and to l e s s  than  7~ for  sub-  
b i t u m i n o u s  coa l  and for  l ign i te .  The  r e d u c t i o n  in h y d r o g e n  con ten t  t e n d e d  
to p a r a l l e l  the  r e d u c t i o n  [n vo la t i l e  m a t t e r  conten t .  H y d r o g e n  c o n c e n t r a t i o n  
in the  r e s i d u e  w a s  r e d u c e d  to l e s s  t han  1 .5~  fo r  a l l  f e e d s .  G a s i f i c a t i o n  of 
the b i t u m i n o u s  c o a l s  r e s u l t e d  in n e a r l y  c o m p l e t e  c o n s u m p t i o n  of the oxygen  
in the  coa l  to. p r o d u c e  c a r b o n  ox ides  and w a t e r .  The r e s i d u e s  p r o d u c e d  
f r o m  subbi tu :minous  coa l  and l i gn i t e  g a s i f i c a t i o n  s t i l l  c o n t a i n e d  f r o m  3-6~ 
oxygen  by we igh t .  C a r b o n  c o n c e n t r a t i o n ,  in  a l l  c a s e s ,  is  s i g n i f i c a n t l y  h i g h e r  
in the  r e s i d u e  t han  in the feed .  

T h e r e  was  no o b s e r v a b l e  t r e n d  in the change  in s i ze  d i s t r i b u t i o n  of 
the coal  f e e d s  a f t e r  h y d r o g a s i f i c a t i o n .  Any b r e a k d o w n  in p a r t i c l e  s i ze  
due to a t t r i t i o n ,  or  f r a c t u r e ,  i nduced  by the r e a c t i o n ,  a p p e a r e d  to be b a l a n c e d  
by p a r t i c l e  g r o w t h  due to c o a l e s c e n c e .  

G a s i f i c a t i o n  of the c o a l s  and l i gn i t e  r e s u l t e d  in a s i z e a b l e  r e d u c t i o n  in 
the bulk den.,;ity. L i g h t l y  p r e t r e a t e d  b i t u m i n o u s  coa l  bulk d e n s i t i e s  w e r e  
r e d u c e d  f r o m  a r a n g e  of 20 to 25 pounds  p e r  cubic  foot, to a r a n g e  of 15 to 
20 pounds  p e r  cub ic  foot.  Bulk d e n s i t i e s  of d r i ed ,  u n t r e a t e d  s u b b i t u m i n o u s  
coa l  and l ign i te  w e r e  of the o r d e r  of 45 pounds  p e r  cubic  foot.  Af te r  g a s i f i -  
ca t ion ,  the s u b b i t u m i n o u s  coa l  bulk d e n s i t y  was  r e d u c e d  to 28 pounds  p e r  
cubic  foot,  wh i l e  the l igni te  bulk d e n s i t y  was  r e d u c e d  to 20 pounds  pe r  cub ic  
foot, 

2 . 3 . 3 . 1 0  L iqu id  P r o d u c t s  

C o n d e n s e d  l iqu ids  r e s u l t i n g  f r o m  the  h y d r o g a s i f i c a t i o n  of coa l s  and 
l ign i te ,  c o n s i s t e d  mair~ly of w a t e r  and l ight  oil f r a c t i o n .  Sma l l  q u a n t i t i e s  
of a m m o n i a  and u n i d e n t i f i e d  su l fu r  c o m p o u n d s  w e r e  g e n e r a l l y  d i s s o l v e d  in 
the l iqu ids .  The r e l a t i v e  q u a n t i t i e s  of w a t e r  and oil  w e r e  dep.endent  m a i n l y  
on the a m o u n t  of s t e a m  fed and s t e a m  d e c o m p o s e d ,  and on the  n a t u r e  of the  
coal  feed.  F e e d s  h igh  in v o l a t i l e  m a t t e r  con ten t ,  such  as s u b b i t u m i n o u s  coa l  
and l ign i t e ,  p r o d u c e d  m o r e  o~ls t hen  b i t u m i n o u s  coa l s ,  o t h e r  cond i t i ons  being 
equal .  Oil p r o d u c t i o n  w a s  a l so  i n f l u e n c e d  by r e a c t o r  t e m p e r a t u r e ,  be ing  
h i g h e r  at  l o w e r  t empera tu re . , J  than  a t  h i g h e r  t e m p e r a t u r e s .  

Spec i f i c  g r a v i t y  of the b y - p r o d u c t  o i l s  was  in the  r a n g e  of 1. 001 to 1. 010. 
Typ i ca l l y ,  the  oi l  c o m p o s i t i o n  was  90 w e i g h t  p e r c e n t  c a r b o n  and 6 w e i g h t  
p e r c e n t  h y d r o g e n ,  the  r e m a i n d e r  of con ten t  be ing  s m a l l  q u a n t i t i e s  of oxygen,  
n i t r o g e n ,  and su l fu r .  The p r i n c i p a l  c o m p o u n d s  in the oil a r e  b e n z e n e  and 
t o luene .  

, ~.a. ~¢ 
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APPENDIX 2-A 

Hydroga sification Data 



T a b l e  No. 

Z-A1 

Z-AZ 

2-A3 

2-A4 

2-A5 

Z-A6 

2-A7 

2-A8 

2-A9 

A P P E N D I X  Z-A CONTENT 

M o v i n g - B e d  H y d r o g a s i f i c a t i o n  Test O p e : a t i n g  Resu l t s  

C h e m i c a l  and S c r e e n  A n a l y s e s  of F e e d s  and  R e s i d u e s  
In M o v l n g - B e d  H y d r o g a s i f l c a t i o n  T e s t s  

C o m p o s i t i o n  of L iqu id  P r o d u c t s  in M o v i n g - B e d  
H y d r o g a s  i f i ca t ion  T e s t s  

F r e e - F a l l  H y d r o g a s i f i c a t i o n  and C a r b o n i z a t i o n  T e s t  
O p e r a t i n g  R e s u l t s  

C h e m i c a l  and  S c r e e n  A n a l y s e s  of F e e d s  and  R e s i d u e s  
In Free-Fall Hydrogasification and Carbonization Tests 

C o m p o s i t i o n  of L iqu id  P r o d u c t s  in F r e e - F a l l  
H y d r o g a s i f i c a t i o n  and C a r b o n i z a t i o n  T e s t s  

F l u i d i z e d - B e d  H y d r o g a s i f i c a t i o n  T e s t  O p e r a t i n g  
R e s u l t s  

Chemical and Screen Analyses of Feed and Residues 
In Fluidized-Bed Hydrogasification Tests 

Composition of Liquid Products in Fluidized-Bed 
Hydroga sification Tests 

2A-2  

2A-26 

2A-39 

2A-48 

ZA-62 

2A-69 

2A-76 

ZA-132 

2A-I 54 
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