
CATALYZED STEAM GASIFICATION OF LOU-RAW COALS 
TO PRODUCE HYDROGEN 

R.E. Sears, R.C. Timpe, S.J. Galegher, and W.G. W i l l son  

U n i v e r s i t y  o f  Nor th Dakota Energy Research Center 
Box 8213, U n i v e r s i t y  S t a t i o n  

Grand Forks, North Dakota 58202 

Abstract  

Advance coal g a s i f i c a t i o n  technologies using low-rank coal i s  a p ran is ing  
a l t e r n a t i v e  f o r  meeting' f u t u r e  demand f o r  hydrogen. Steam g a s i f i c a t i o n  t e s t s  
conducted a t  temperatures between 700' and 800'C and atmospheric pressure resu l ted  
i n  product gas composit ions matchi ng those p red ic ted  by thermodynamic equi l i b r i  um 
ca lcu la t i ons ,  63-65 mol% hydrogen and l e s s  than 1 mol% methane. Steam g a s i f i c a t i o n  
t e s t s  w i t h  f o u r  low-rank coals and a s i n g l e  bituminous coal were performed i n  a 
l abo ra to ry -sca le  thermogravimetri  c analyzer (TGA) a t  temperatures of 700', 750'. 
and 8OOOC t o  evaluate process k i n e t i c s  w i t h  and wi thout  c a t a l y s t  addi t ion.  
Ca ta l ys ts  screened i n c l u d e d  K CO3, Na2C03, t rona,  nahcoli  te ,  sunflower h u l l  ash, and 
recyc led l i g n i t e  ash. N o r t i  Dakota and Texas l i g n i t e  chars were s l i g h t l y  more 
r e a c t i v e  than a Wyomi ng subbi tumi n w s  coal char and e i g h t  t o  t e n  times more reac t i ve  
than  an I1 l i n o i s  bituminous coal  char. Pure and mineral ( t rona  and nahcoli t e )  
a l k a l i  carbonates and recyc led  ash from K2C03-catalyzed steam g a s i f i c a t i o n  t e s t s  
subs tan t i  a l l y  improved low-rank coal  steam g a s i f i c a t i o n  ra tes .  The r e a c t i v i t i e s  
obta ined us ing t r o n a  and n a h c o l i t e  t o  cata lyze t h e  steam g a s i f i c a t i o n  were t h e  
h ighes t ,  a t  nea r l y  3.5 t imes those wi thout  cata lysts .  

I n t r o d u c t i o n  

Hydrogen i s  a key canponent i n  petroleum r e f i n i n g ,  petrochemical processing, t h e  
product ion of coa l -de r i ved  synfuels, and can a l so  be used d i r e c t l y  as a f u e l .  Over 
t h e  next 45 years, t h e  demand f o r  hydrogen has been pro jected t o  increase by a 
f a c t o r  o f  15 t o  20 (1) .  Most of t h e  hydrogen c u r r e n t l y  used i n  chemical 
a p p l i c a t i o n s  i s  produced through steam reforming of na tu ra l  gas; and i n  r e f i n i n g  
a p p l i c a t i o n s  p a r t i a l  o x i d a t i o n  of petroleum i s  a l so  used. Advanced coa l  
g a s i f i c a t i o n  technologies appear t o  be t h e  most probable a l t e r n a t i v e  f o r  meeting t h e  
f u t u r e  demand f o r  l a r g e  q u a n t i t i e s  of hydrogen. Low-rank coa ls  ( l i g n i t e s  and 
subbituminous coals)  a r e  candidate feedstocks f o r  such app l i ca t i ons  because o f  t h e i r  
1 ow mini ng c m t  and h i g h e r  r e a c t i  vi t y  r e l a t i v e  t o  h ighe r  rank coals. 

The two m s t  impor tant  cons iderat ions i n  t h e  design of a process f o r  producing 
hydrogen from coal are t o  mainta in  operat ing condi t ions t h a t  thermodynamically f a v o r  
t h e  product ion of hydrogen ard carbon d iox ide  over carbon monoxide and methane, and 
t o  ob ta in  r e a c t i o n  r a t e s  t h a t  r e s u l t  i n  reasonable g a s i f i e r  throughput. 
Op t im iza t i on  of t h e  hydrogen content of t h e  product gas requi res steam g a s i f i c a t i o n  
a t  r e l a t i v e l y  m i l d  temperatures i n  t h e  range o f  700' t o  800'C and a t  a tmmpher ic  
pressure. I n  t e s t s  a t  t h e  U n i v e r s i t y  of North Dakota Energy Research Center 
(UNDERC), a dry  synthes is  gas con ta in ing  63 mol% hydrogen was produced by steam 
g a s i f i c a t i o n  of low-rank coal ( 2 ) ,  which i s  p red ic ted  by equ i l i b r i um 
thermodynamics. These m i l d  cond i t i ons  do not ,  however, promote h igh  reac t i on  
rates.  As a r e s u l t ,  ach iev ing t h e  maximum coal r e a c t i v i t y  by t h e  use of ca ta l ys ts  
i s  perhaps t h e  most c r i t i c a l  f a c t o r  i n  producing hydrogen from coal. 

The phys i ca l  and chemical na tu re  of low-rank coals (LRCs) o f f e r  several 
advantages f o r  a g a s i f i c a t i o n  process producing hydrogen. One o f  these i s  t h e i r  
enhanced r e a c t i v i t y  compared t o  coals of h igher  rank. This increase i n  r e a c t i v i t y  
i s  Ciwsed by h ighe r  concentrat ions of a c t i v e  s i t es ,  h ighe r  poros i ty ,  ard a m r e  
uniform d i spe rs ion  of a l k a l i  i m p u r i t i e s  t h a t  act as inherent  ca ta l ys ts  (3,4,5). 
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The h igh v o l a t i l e  ma t te r  content of l i g n i t e s  cou ld  a lso support t h e i r  use i n  
steam g a s i f i c a t i o n  t o  produce hydrogen. If in t roduced i n t o  t h e  ho t  zone of a 
g a s i f i e r ,  d e v o l a t i l i z a t i o n  products may be cracked t o  form a d d  t i o n a l  hydrogen 
(6). Under s u i t a b l e  r e a c t i o n  condi t ions raw product gas from such a system would 
then  con ta in  e s s e n t i a l l y  on l y  hydrogen, carbon d iox ide,  carbon monoxide. and only  
smal l  quan t i t i es  o f  methane and s u l f u r  gases. In  add i t i on  t o  producing hydrogen and 
s i m p l i f y i n g  downstream gas clean-up, crack ing of t a r s  and o i l s  i n  t h e  g a s i f i e r  would 
a l so  reduce contaminant concentrat ions i n  t h e  process condensate. 

Even w i t h  t h e  h ighe r  r e a c t i v i t i e s  of LRCs, i t  w i l l  be necessary t o  enhance 
reac t i on  k i n e t i c s  through t h e  use of ca ta l ys ts  t o  o b t a i n  economic r e a c t o r  
throughput. There i s  a weal th  of da ta  r e l a t i n g  t o  t h e  use of a v a r i e t y  of ca ta l ys ts  
t o  enhance t h e  steam g a s i f i c a t i o n  k i n e t i c s  ( 7  - 16). A l k a l i  metals are genera l ly  
accepted as the premier steam g a s i f i c a t i o n  c a t a l y s t  (12,13,16) and thus t h e i r  
i n t e r a c t i o n s  w i th  ash cons t i t uen ts  and subsequent recovery are impor tan t  f ac to rs  i n  
t h e  process econanics. Ca ta l ys t  recovery problems associated w i t h  t h e  format ion of 
i n s o l u b l e  potassium a luminos i l i ca tes  were i d e n t i f i e d  dur ing recovery of t h e  K CO 
c a t a l y s t  i n  the  Exxon C a t a l y t i c  Coal G a s i f i c a t i o n  (CCG) process (6). For  some i i g z  
sodium LRCs, a problem of sodium d i l u t i o n  of t h e  recovered potassium c a t a l y s t  could 
be s i g n i f i c a n t .  However, i f  sodium carbonates a r e  a lso e f f e c t i v e  ca ta l ys ts ,  t h e  
problem o f  a l k a l i  recovery w i l l  be mi t igated,  espec ia l l y  w i t h  h igh  sodium LRCs. 

The o v e r a l l  o b j e c t i v e  of the program a t  UNDERC i s  t o  e s t a b l i s h  the  f e a s i b i l i t y  
of us ing low-rank coal g a s i f i c a t i o n  t o  produce hydrogen. This paper summarizes t h e  
f ind ings of a thetmogravimetric analys is  (TGA) s tudy of steam-char g a s i f i c a t i o n  
k i n e t i c s .  This work focused on low-rank coals, w i t h  l i m i t e d  t e s t i n g  us ing a 
bituminous coal f o r  canparison purposes, and t h e  a d d i t i o n  of var ious c a t a l y s t s  t o  
enhance low-rank coal r e a c t i  v i  ty. 

Experimental 

The reac t i on  between low-rank coal chars and steam was s tud ied  us ing  a DuPont 
951 Thermogavimetric Analyzer (TGA) i n t e r f a c e d  w i t h  a DuPont 1090 Thermal 
Analyzer. The TGA r e a c t i o n  chmber  was an open quar tz  tube, secured t o  t h e  balance 
by means of a threaded nut as shown a t  p o i n t  (A) i n  F igure 1. The opposi te  end o f  
t h e  quartz tube (poi n t  (B)  i n  F igu re  1)  was connected by rubber tuh i  ng t o  a 
vent i  l a t i o n  hood. The canmerci a1 l y  avai 1 ab le  TGA system was modi f i  ed f o r  char/stean 
experiments by adding t h e  steam sidearm shown as p o i n t  ( C )  i n  F igu re  1. This p o r t  
was sealed w i t h  a high-temperature gas chromatography septum. The steam i n l e t  l i n e  
(1/8-inch s ta in less  s t e e l )  was passed through t h i s  septum and i n t o  t h e  r e a c t i o n  
chamber ( p o i n t  ( D )  i n  F igu re  1) .  Steam was prepared us ing a "Hot Shot" FlB-3L 
e l e c t r i c  steam b o i l e r .  The leng th  of steam l i n e  fran t h e  e x i t  of t h e  b o i l e r  t o  t h e  
reac t i on  chamber sidearm was heated con t i  nuously a t  200'C usi ng e l e c t r i c a l  heat 
tape. The reac t i on  chanber was heated i n  a program-control led tube furnace. 

Approximately 20 mg, weighed t o  t h e  nearest  0.01 mg, of as-received coal  ground 
t o  p a r t i c l e  sizes of -100 x +140 mesh, was evenly d i s t r i b u t e d  on a t a r e d  11-mm 
diameter p la t inum pan supported a t  t h e  end of t h e  TGA's qua r t z  balance beam. Coal 
samples were d e v o l a t i l i z e d  i n  argon p r i o r  t o  the  i n t r o d u c t i o n  of steam i n t o  t h e  
reac t i on  chamber. Argon f l o w  was maintained a t  approximately 160 cc/min whi le  t h e  
coal sample was heated fran roan temperature t o  t h e  t a r g e t  r e a c t i o n  temperature 
(700' t o  80OoC) a t  a r a t e  o f  10O0C/min. The average t ime  f o r  d e v o l a t i l i z a t i o n  o f  
these samples was about 15 minutes. 

Char samples produced by t h e  d e v o l a t i l i z a t i o n  procedure were weighed i n  the  TGA 
reac t i on  chamber wi thout  cool ing.  Argon f l o w  was reduced fran 160 t o  60 cc/min, and 
steam t o  t h e  reactor  was then s t a r t e d  a t  ra tes of 1-5 mg/nin. Steam f l o w  ra tes  were 
determined p r i o r  t o  experiments by c o l l e c t i n g  steam from t h e  gas o u t l e t  ( p o i n t  (R) 
i n  F igu re  1) i n  a cold, t a r e d  vessel f o r  approximately 15 minutes. 
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Weight, t ime, and temperature were recorded by t h e  OuPont 1090 Thermal Analyzer 
as t h e  char-steam r e a c t i o n  proceeded. Experiments were terminated when t h e  sample's 
we igh t  l oss  approached zero, o r  i n  t h e  case of very  s lowly  reac t i ng  ma te r ia l s  a f t e r  
150 minutes of r e a c t i o n  t ime. The 1090 Thermal Analyzer was then  used t o  p l o t  
sample weight l o s s  versus t ime and t o  p r i n t  sample weight, t m p e r a t u r e ,  and reac t i on  
t i m e  data. Product gases f rom t h e  system were no t  analyzed. 

Both aqueous impregnat ion and dry  c a t a l y s t  mix ing were evaluated i n  the TGA 
steam g a s i f i c a t i o n  t e s t .  P re l im ina ry  TGA t e s t s  showed t h a t  r e a c t i v i t y  was no t  
dependent on c a t a l y s t  a d d i t i o n  technique; therefore, on ly  dry-mix systems were used 
i n  t h e  remainder o f  t h e  TGA t e s t  program. 

Results 

The m a t r i x  of char-steam g a s i f i c a t i o n  t e s t s  conducted by l abo ra to ry  TGA inc luded 
e x p e r i m n t s  f o r  eva lua t i on  o f  coals, ca ta l ys ts ,  temperature, and c a t a l y s t  loading. 
I n d i a n  Head and Velva l i g n i t e s  f ran  Nor th Dakota. M a r t i n  Lake l i g n i t e  f r a n  Texas, 
Wyodak subbituminous coal  from Wyoming and River  King bituminous coal f rom I 1  l i n o i  s 
were evaluated. Proximate and u l t i m a t e  analyses of these coals a re  g iven i n  Table 
1. The coal  analyses i n  Table 1 show an u n c h a r a c t e r i s t i c a l l y  l o w  mois ture content 
f o r  Ind ian Head l i g n i t e .  The low mois ture content of t h i s  sample, 12.6 w t X ,  r e s u l t -  
ed f rom storage i n  a l a r g e  n i t rogen  purged bunker i n  which a d e f i n i t e  mois ture grad- 
i e n t  was observed f r a n  t o p  t o  bottom, bu t  d i d  not e f fec t  t h e  r e a c t i v i t y  o f  t h e  char. 

Table 1. Coal Proximate and U l t ima te  Analysis 

I;$ an Hied M a r t i n  R ive r  
Lake Uyodak King - - - -  

Test Coal Analyses: 
Moisture, X 12.6 29.5 33.7 25.1 27.5 11.5 
Ash, wt%, mf 17.7 9.0 10.4 22.1 9.6 12.1 
V o l a t i l e  Mat ter ,  w t X ,  m f  38.4 41.2 42.8 39.5 42.3 42.5 
F ixed Carbon, wt%, mf 43.9 49.8 46.8 38.4 48.1 45.3 

Heat i  ng Value, B t u / l  b, 8,383 7,721 6,755 7,258 8,043 11,000 
as-rec'd 

U l t i m a t e  Analys is  of 
Raw Coals, a%, mf: 

Ash 
Carbon 
Hydrogen 
Nitrogen 
Sul f u r  
Oxygen ( b y  d i f f )  

17.7 9.0 10.4 22.1 9.6 12.2 
58.9 65.0 62.4 56.7 65.7 68.3 

3.3 4.2 3.8 3.8 4.3 5.1 
1.6 1.9 1.4 1.2 1.2 1.3 
1.0 0.8 0.5 1.9 0.5 4.0 

17.5 19.1 21.5 14.3 18.7 9.1 

:Low-moisture Ind ian  Head coal  used f o r  m a j o r i t y  o f  TGA work. 
I n d i a n  Head sample used t o  v e r i f y  i n i t i a l  TGA resu l t s .  
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Various a l k a l i  sources were tes ted  as c a t a l y s t s  t o  promote t h e  steam-carbon 
react ion.  These were K2COv Na2C03, trona, nahcol i te ,  sunflower h u l l  ash (a 
n a t u r a l l y  h igh  potassium con a im ng ash), and recyc led l i g n i t e  g a s i f i c a t i o n  ash. 
These substances were se lected as prospey;tive c a t a l y s t s  based on t h e i r  h igh  a l k a l i  
content. Cata lys is  w i t h  inexpensive o r  disposable" c a t a l y s t s  would s u b s t a n t i a l l y  
improve t h e  economics of a hydrogen-from-coal process. L i  kewi se, t rona and 
nahcoli  t e ,  n a t u r a l l y  occu r r i ng  a l k a l i  carbonate mater ia ls ,  a r e  inexpensive r e l a t i v e  
t o  pure carbonates ( 0.04/lb f o r  t rona compared t o  0.34/lb f o r  K C03 and 0.20/lb 
f o r  Na2C03). This cos t  d i f f e r e n t i a l  suggests t h e i r  use as disposab3e ca ta l ys ts .  

R e a c t i v i t y  of Coals f o r  Steam G a s i f i c a t i o n  

Tests were performed t o  es tab l i sh  t h e  uncatalyzed r e a c t i v i t i e s  of t h e  f i v e  test 
coal chars and p l o t t e d  i n  F igure 2. It shows t h e  h igher  r e a c t i v i t y  of low-rank 
coals  compared t o  t h a t  of R i v e r  King bituminous coal. The h ighe r  r e a c t i v i t y  o f  low- 
rank coal chars, documented b y  m n y  research groups (3,4,5), i s  be l ieved t o  be a 
r e s u l t  of t he  h ighe r  mineral content, h igher  concentrat ions of a c t i v e  s i t e s  and 
increased p o r o s i t y  of t h e  low-rank coals. F igure 2 a l so  i l l u s t r a t e s  t h e  l i n e a r i t y  
of conversion over the  0 t o  50 % carbon conversion range. 

Over t h e  i n i t i a l  l i n e a r  p 6 r t i o n  of t h e  curves i n  F igure 2, t h e  carbon Conversion 
ra tes  f o r  t h e  t h r e e  l i g n i t e s  were near ly  i d e n t i c a l ,  w i t h  I n d i a n  Head being only  
s l i g h t l y  less reac t i ve  than t h e  Velva and M a r t i n  Lake l i g n i t e s .  However, a d e f i n i t e  
h ierarchy of r e a c t i v i t y  developed as t h e  a v a i l a b l e  carbon supply was depleted. 
During reac t i on  of t h e  f i n a l  40% of t h e  carbon, M a r t i n  Lake l i g n i t e  showed t h e  most 
r a p i d  conversion, fo l lowed by Velva and I n d i a n  Head. 

Steam g a s i f i c a t i o n  k i n e t i c  data was c o l l e c t e d  over t h e  range o f  700" t o  800°C 
f o r  assessing temperature ef fects .  The increase i n  r e a c t i v i t y  of each LRC w i t h  
i nc reas ing  temperature i s  shown i n  F igu re  3. Increas ing t h e  g a s i f i c a t i o n  
temperature from 700' t o  8OOOC was found t o  increase r e a c t i v i t i e s  f r a n  2.5 t imes f o r  
M a r t i n  Lake l i g n i t e  t o  3.8 t imes f o r  Wyodak subbituminous coal .  Equ i l i b r i um gas 
composit ion modeling and actual  product gases fran a 1 - l b  f ixed-bed systen showed 
t h a t  t h e  hydrogen content of the  gas i s  v i r t u a l l y  unaf fected by t h i s  temperature 
increase (17). Apparent energies o f  a c t i v a t i o n  were a lso ca l cu la ted  f r a n  t h i s  data 
and have been repor ted p rev ious l y  (18). 

S t e m  G a s i f i c a t i o n  of Catalyzed Coals 

F igure 4 shows the  rates o f  carbon conversion a t  750°C f o r  each t e s t  coal with a 
10 w t %  K C03 loading. Comparison of t h e  data i n  F igu re  2 t o  t h a t  i n  F igu re  4 shows 
t h a t  K2C8 a d d i t i o n  s i g n i f i c a n t l y  enhanced the  r e a c t i v i t y  of each coal. As was t h e  
case f o r  t h e  uncatalyzed coals, t h e  r e a c t i v i t y  of t h e  cata lyzed low-rank coals  was 
f a r  super io r  t o  t h a t  o f  t h e  KzC03-catalyzed bituminous coal. However, t h e  
r e a c t i v i t y  ranking of t h e  f o u r  low-rank coals  was not  t h e  same as t h a t  observed 
wi thout  c a t a l y s t  addi t ion.  I n  F igu re  2 M a r t i n  Lake l i g n i t e  was shown t o  have t h e  
most r a p i d  uncatalyzed conversion ra te ;  however, i n  F igu re  4, M a r t i n  Lake was shown 
t o  have t h e  poorest  r e a c t i v i t y  o f  t h e  f o u r  s i m i l a r l y  cata lyzed low-rank coals. 
Conversely, Wyodak subbituminous coa l  was t h e  l e a s t  r e a c t i v e  uncatalyzed low-rank 
coal ,  b u t  showed exce l l en t  carbon conversion rates i n  t e s t s  using K2CO3. 

The ef fect  of temperature on t h e  r e a c t i v i t y  of each of t h e  f o u r  KzC03-catalyzed 
l w - r a n k  coals  i s  i l l u s t r a t e d  i n  t h e  b a r  graph of F igu re  5. The t rend  i n  r e a c t i v i t y  
of t h e  K2CO3-cata1yzed coals  w i t h  a temperature increase from 700" t o  800°C was very 
s i m i l a r  t o  t h a t  shown f o r  t he  uncatalyzed coals  i n  F igu re  3, with r e a c t i v i t y  
i nc reas ing  by a f a c t o r  o f  two over the  temperature range. For t h e  uncatalyzed 
coals, t he  average r e a c t i v i t y  increased by a f a c t o r  of th ree  over t h i s  temperature 
range. It has p rev ious l y  been repor ted t h a t  t h e  add i t i on  o f  K2CO3 decreased t h e  
apparent energies of a c t i v a t i o n  by as much as 60% compared t o  t h e  uncatalyzed coals 
(18). 

169 



Several TGA steam g a s i f i c a t i o n  t e s t s  were performed t o  evaluate the  e f f e c t  of 
K CO concentrat ion on l i g n i t e  r e a c t i v i t y .  Velva l i g n i t e  was used f o r  these t e s t s  2 ?t resu l ted  i n  t h e  h ighes t  r e a c t i v i t y  of t h e  f o u r  LRCs tested. Tests were 
conducted a t  750'C us ing  c a t a l y s t  loadings from 2 t o  20 wt%. Data c o l l e c t e d  from 
these experiments were used b o t h  t o  evaluate t h e  e f f e c t  of c a t a l y s t  loading f o r  each 
of t h e  two carbonates, and t o  compare the  two carbonates c a t a l y t i c  e f fect  over a 
range o f  loadings. Table 2 presents t h e  average r e a c t i v i t i e s  a t  50% carbon 
conversion f o r  t he  range of loadings evaluated w i t h  bo th  K C03 a.nd Na2C03, which 
i nd i ca tes  a l esse r  dependence o f  r e a c t i o n  k i n e t i c s  on c a t a l y s t  loading us ing  Na2C0 . 
Nei ther  c a t a l y s t  produced a s i g n i f i c a n t  r a t e  increase a t  loadings over 10 wtj; 
however, t he  r e a c t i v i t y  increase w i t h  i nc reas ing  c a t a l y s t  loading upto 10 wt% was 
more pronounced f o r  K C03 ca ta l ys i s .  Over t h e  2 t o  10 w t %  l oad ing  range, r e a c t i v i t y  
values f o r  K2C03-cata?yzed Velva l i g n i t e  increased fran 3.3 t o  5.5 (g/hr)/g, whi le  
the correspond1 ng inc rease  f o r  t h e  Na2C03-catalyzed l i g n i t e  was f rom 4.8 t o  5.5 
(g/hr)/g. 

Table 2. E f f e c t  o f  Va r iab le  Ca ta l ys t  Loadings on Velva L i g n i t e  Char R e a c t i v i t y  
i n  Steam a t  75OoC 

Cata lyst  Loading w t %  
of As-received Coal 

0 
2 
5 

10 
15 
20 

2 .o 
3.3 
4.1 
5.5 
5.7 
5.7 

2.0 
4.8 
4.9 
5.5 
5.9 
6.1 

Comparison of C a t a l y s t  Effectiveness 

Data p l o t t e d  i n  F i g u r e  6, compares carbon conversion rates f o r  uncatalyzed Velva 
l i g n i t e  and f o r  Velva cata lyzed w i t h  each of t h e  s i x  add i t i ves  found t o  g i ve  
p o s i t i v e  c a t a l y t i c  e f f e c t s .  The near l y  i d e n t i c a l  r e a c t i v i t i e s  observed f o r  K2CO3 
and Na CO3 c a t a l y s i s  a re  i l l u s t r a t e d ,  as t h e  two conversion curves are super- 
imposab?e throughout t h e  g a s i f i c a t i o n  phase. F igure 6 a l so  i l l u s t r a t e s  the  
c a t a l y t i c  e f f e c t s  o f  sunf lower  h u l l  ash and t h e  mineral addi t ives.  Twenty percent 
sunflower h u l l  ash (23 wt% potassium) was l e s s  e f f e c t i v e  than  10% loadings of the  
carbonates; however, r e a c t i v i t y  was much improved over t h e  uncatalyzed coa l ,  with 
canplete conversion occu r r i ng  i n  l ess  than 20 minutes. The r e a c t i v i t y  f o r  t h e  20% 
sunflower h u l l  ash/Velva l i g n i t e  system a t  75OoC was 4.3 (g /hr ) /g  as compared t o  
on l y  2.0 (g /h r ) /g  wi t h o u t  addi ti ves. 

Perhaps the  most s i g n i f i c a n t  r e s u l t s  i l l u s t r a t e d  i n  F igu re  6 were t h e  rap id 
carbon conversions obta ined us ing t rona and nahcoli  t e  as g a s i f i c a t i o n  cata lysts .  
Both t rona and nahcoli  t e  produced more rap id  conversion of Velva l i g n i t e  than  d id  
add i t i on  of t h e  pure carbonates. Approximately 90% carbon conversion was achieved 
i n  8 minutes using e i t h e r  10 w t %  t r o n a  (29% sodium) o r  nahco l i t e  (15% sodium), 
whereas when us ing t h e  same wt% p*e KzCO3 (47% potassium) o r  Na C03 (37% sodium) 
about 10 minutes was requ i red  t o  achieve 90% conversion. For f rona  ca ta l ys i s  a 
r e a c t i v i t y  of 6.9 ( g / h r ) / g  was obtained compared t o  5.5 (g /h r ) /g  using an i d e n t i c a l  
l oad ing  of e i t h e r  K2C03 o r  Na2C03 a t  t h e  same g a s i f i c a t i o n  condi t ions.  A t  these 
condi t ions,  n a h c o l i t e  c a t a l y s i s  resu l ted  i n  a r e a c t i v i t y  s l i g h t l y  lower than t h a t  
obtained us i  ng t r o n a  (6.2 (g /hr ) /g) .  
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The ef fect iveness of these n a t u r a l l y  occu r r i ng  mi neral c a t a l y s t s  i s  impor tant  t o  
t h e  development o f  a commerci a1 hydrogen-produci ng steam coal g a s i f i c a t i o n  
Process. Based on t h e  r e l a t i v e  costs  of t h e  feedstock, use of these ma te r ia l s  would 
be more favorable t o  process economics than would pure a l k a l i  carbonates. An 
add i t i ona l  cons iderat ion i s  t h a t  cost  and a v a i l a b i l i t y  of these ma te r ia l s  may be 
such t h a t  ca ta l ys t  recovery would be unnecessary. 

Conclusiom 

Uncatalyzed l i g n i t e s  and a subbi tumi nom coal were found t o  be e i g h t  t o  ten  
t imes more r e a c t i v e  with steam a t  70O0-8OO0C than  an I1 li noi s bi tumi nous coal. This 
r e l a t i o m h i p ,  w i t h i n  t h i s  narrow temperature range, i s  impor tant  as t h i s  i s  t he  
range t h a t  thermodynamically favors t h e  product ion of hydrogen fran steam 
g a s i f i c a t i o n  a t  atmospheric pressure. The r e a c t i v i t y  of t he  uncatalyzed coals 
increased 3 t o  4 t imes w i t h  an increase i n  steam g a s i f i c a t i o n  temperature from 700' 
t o  800OC. 

For  t h e  catalyzed coals dur i  ng s t e m  g a s i f i c a t i o n :  

R e a c t i v i t y  increased approximately 2 t imes over t h e  700° - 800°C temperature 
range f o r  low-rank coals  catalyzed w i t h  potassium carbonate. 

Sodium carbonate was found t o  be as e f f e c t i v e  a c a t a l y s t  as potassium carbonate 
f o r  t h e  s t e m  g a s i f i c a t i o n  of low-rank coal chars on a mass l oad ing  basis. 

A l ka l i  carbonate loadings equal t o  10 wt% of t h e  as-received coal mass r e s u l t e d  
i n  low-rank coal r e a c t i v i t i e s  2.5 t o  3.5 times h ighe r  than those measured f o r  
t h e  uncatalyzed 1 ow-rank coals. 

Na tu ra l l y  occurr ing mi neral sources of sodium carbonates/bicarbonates, t r o n a  and 
nahcoli  te ,  are as e f f e c t i v e  i n  ca ta l yz ing  low-rank coal steam g a s i f i c a t i o n  as 
t h e  pure carbonates. 

Use of these na tu ra l l y -occu r r i  ng carbonates sources should be a primary focus 
of continued research. The low  cost  of t rona o r  nahco l i t e  r e l a t i v e  t o  t h e  pure 
carbonates suggests t h a t  a p o t e n t i a l  f o r  t h e i r  use as disposable ca ta l ys ts  
e x i s t s  which would enhance o p e r a b i l i t y  and process economics i n  a hydrogen- 
from-coal g a s i f i c a t i o n  process. 
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F igure  1. Thermogravimetri c analyzer.  
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Figure 2. Rate of carbon conversion a t  75OoC - v a r i a t i o n  with coal rank. 
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Figure 3. React iv i ty  of uncatalyzed low-rank coal chars as a function of steam 

g a s i f i c a t i o n  temperature. 
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Figure 4. Carbon conversion of KZC03-catalyzed coal chars a t  75OOC. 
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Figure 5.  Effect of steam gasification temperature on the reactivity of KzCO3- 

catalyzed low-rank coal chars. 

M 
6 z z 
4 

a 
z 
0 

5 

m a a 
0 

e 
x_ 
LL 

TIME, MINUTES 
Figure 6 .  Rate of carbon conversion a t  750T for Velva lignite char catalyzed w i t h  

various a1 kali sources. 
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