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ABSTRACT 

Two-dimensional p y r o l y s i s  behavior  of 14- t o  16-cm ins t rumented  b locks  of bituminous 
and subbituminous c o a l s  i s  be ing  examined a t  t h e  Oak Ridge Na t iona l  ~ a b o r a t o r y ,  (ORNL), 
p r i m a r i l y  i n  suppor t  of  i n  s i t u  c o a l  g a s i f i c a t i o n  p roces s  development. The o b j e c t i v e  of 
t h e  program i s  t o  develop a  f i r m  d a t a  base ' f rom which computerized models may be  developed.  
Fcr  t h i s  reason ,  r e s u l t s  descr ib 'ed below have been obta ined  a t  condi t . ions  expected t o  occur 
underground.. ~ x ~ e r i m e n t s  u t i l i z i n g  maximum r e a c t o r  tempera tures  of 500 t o  1000°C achieved  

. over  pe r iods  of  4  t'o 60 h r  have produced d a t a  c o r r e l a t i n g  t a r  and gas  p roduc t ion  r a t e s  and 
composition w i t h  maximum tempera ture  a n d . h e a t i n g  r a t e .  Chars produced by some experiments  
have exhibited marked p y r o p h o r i c i t y ,  whtkh , h a s , n o t . b e e n  observed p rev ious ly  by o t h e r  re -  
s e a r c h e r s .  Furthermore, thermal  p r o f i l e s  w i t h i n  t h e  b locks  du r ing  p y r o l y s i s  i n d i c a t e  
c l e a r l y  t h a t  v o l a t i l i z a t i o n  o f  water i .s t h e  h e a t  t r a n s f e r  s a t e - l i m i t i n g  mechanism. Gas 
product ion  from as- rece ived  specimens i s  observed t o  be  s i g n i f i c a n t l y  g r e a t e r  than  t h a t  
measured dur ing  t h e  p y r o l y s i s  of powdered c o a l  a t  s i m i 1 a r ; h e a t i n g  , r a t e s .  D i f f u s i o n  of 
s team from a sh r ink ing  c o r e  of w e t  c o a l  i s  p o s t u l a t e d  t o  account  f o r t h i s  phenomenon. 

INTRODUCTION 

It has' been e s t ima ted  t h a t  o n l y . 6  o r  
7% of a l l  U.S. c o a l  r e s e r v e s  may b'e consid- 
e r ed  recoverab le  by c o n v e n t i o n a l ' s t r i p  min- 
i n g  o r  deep-mining t echn iques .  The approx- 
imate ly  2.8 t r , i l l i o n  t ons  remaining comprise 
d e p o s i t s   hat a r e  e i t h e r  t o o  t h i n  o r  t o o  
deep t o  be ob ta ined  by such methods. ls2 
The energy conta ined  by many of t h e s e  
d e p o s i t s ,  however, may be  l a r g e l y  recovered 
by i n  s i t u  g a s i f i c a t i o n ' p r o c e s s e s  w h i c h a r e  
c u r r e n t l y  be ing  developed. 

I n . s i t u  g a s i f i c a t i o n  of co.al e n t a i l s  
i n j e c t i o n  of oxygen o r  a i r  w i t h  o r  wi thout  
s team i n t o  a c o a l  seam whose pe rmeab i l i t y  
lias been enhanced p rev ious ly  be explosives,  
h igh-pressure  1.lquj.d in jec t ion ,  o r  some other 
means. The presence  of  injected oxygen .per- 
m i t s  i g n i t i o n  of  t h e  c o a l  and subsequent  
maintenance of a  combus tion f ron t  which moves 
through the coa l  bed. The heat from combus- 
t i o n  f  a c f i i t a t e s  pyrolysis '  reactions,  steam- 

. ca rbon  r e a c t i o n ,  and o t h e r  g a s i f i c a t i o n  
r e a c t i o n s -  ahead of t h e  moving combustion 
f r o n t .  The g a s e s  t h a t  a r e .  produced may be 
piped t o  t h e  s u r f a c e  f o r  subsequent  use.  

The s p e c i f i c  o b j e c t i v e  of t h e  ORNL - 
program suppor t i ng  i n  s i t u ' o r  under- 
ground c o a l  g a s i f i c a t i o n  .(UCG) development 

*Research sponsored by t h e  Energy Research 
and Development Admin i s t r a t i on  under con- 
t r ac t  w i t h  Union Carbide Corpora t ion .  

is the generation of da ta  describing the pyrol- 
y s i s  of l a r g e  c o a l  b locks  under c o n d i t i o n s  
which can be  expected t o  occur  underground. 
C l e a r l y ,  a  l a r g e  amount of  p y r o l y s i s  d a t a  
has  been ob ta ined  i n  t h e  p a s t ,  bu t  most of 
t h a t  work was done us ing  powdered samples,  
h igh  h e a t i n g  r a t e s ,  and p r e s s u r e  a t  o r  
v e r y  n e a r  a tmospheric .  .Recent  f i e l d  t e s t  
r e s u l t s ,  however, i n d i c a t e  t h a t  hea' t ing 
r a t e s . m a y  be  a s  low a s  a  few deg rees  p e r  
minute .  The c o a l  w i l l  b e  f r a c t u r e d ,  but  
n o t  powdered, and p r e s s u r e s  a r e  s i g n i f i -  
c a n t l y  h ighe r  t han  a tmospher ic .  A s  D r .  
R. D. Gunn po in t ed  o u t  a t  l a s t  y e a r ' s  sym- 
posium,3 t h e  accuracy  of  computer codes' 
developed t o  h e l p  i n t e r p r e t  f . i e ld  tes t  re-  
s u l t s  rests upon t h e  accuracy  of t h e  funda- 
menta l  d a t a  base  i t  u s e s  f o r  c a l c u l a t i o n a l  
purposes .  A s  shown i n  t h e  r e s u l t s  pre-  
s en t ed  below, two-dimensional e f f e c t s  a r e  
d e f i n i t e l y  s i g n i f i c a n t  i n  t h e  determinat ion 
of gas  y i e l d s  from ' p y r o l y s i s  of macroscopic 
samples a t  low hea t ing -  r a t e s .  

TWO-DIMENSIONAL PYROLYSIS STUDIES - 
WESTERN SUBBITUMINOUS COAL 

Two-dimensional e f f e c t s  du r ing  t h e  
p y r o l y s i s  of 16-cm r i g h t ,  c i r c u l a r  c y l i n -  
d e r s  of Wyodak subbi tuminous c o a l  have 
been observed a s  f u n c t i o n s  of maximum 
p y r o l y s i s  t empera ture  and h e a t i n g  r a t e .  
The appa ra tu s  used f o r  t h e s e  exper iments ,  
as w e l l  a s  d e t a i l s  of b lock  p r e p a r a t i o n ,  
i n s t rumen ta t i on ,  and product  a n a l y s i s ,  



4 ' have been desc r ibed  e l sewhere ;  b r i e f l y ,  
, . .however ,  t h e  expe r imen ta l  procedure con- 

sists of p l ac ing  a  t e s t  specimen i n  t h e  
r e a c t o r ,  e s t a b l i s h i n g  a  s t a b l e . c o v e r  gas  

. f low,  and h e a t i n g  t h e  r e a c t o r  a t  one of 
two h e a t i n g  r a t e s  chosen f o r  t h e s e  s tud-  

, . ies (3.0 o r  0 .3  Co/min). (Reactor temper- 
a t u r e  i s  r e f e r enced  t o  a  thermocouple a t  
t h e  s u r f a c e  of t h e  c o a l  block.)  The teF- 
p e r a t u r e  i s  permi t ted  t o  i n c r e a s e  t o  a  
spec . i f i ed  maximum (500 t o  1000°C), where 
i t  .is he ld  cons t an t  u n t i l  thermocouples 
w i t h i n .  t h e  c o a l  b lock  have reached Tmax 
and gas  . evolu t ion  has  ceased.  Most ex- 
.per iments  have. u t i l i z e d  as-received blocks 
(without p r i o r  d ry ing  o r  exces s ive  con- 

. 
t a c t  w i t h  a i r )  and an argon cover  gas  a t  
a tmosphe r i c ' p r e s su re .  

Thcrmal p r o f i l e s  w i t h i n  t h e  b lock ,  
observed dur ing  p y r o l y s i s ,  have b e e n . r e -  
po r t ed  prcviou31y.h Thcsc c a r l i e r  r e s u l t s  
i n d i c a t e d  c l e a r l y  t h a t  t h e  ' core  of t h e  , 

b lock  d i d  n o t  exceed a  tempera ture  of 
% l O O ° C  u n t i l  t h e  mo i s tu re  had been evapo- 

, r a t e d .  .This phenomenon, r a t e - l i m i t e d  by 
h e a t  t r a n s f e r  t o  t h e  core ,  resdts i n  s ig -  
n i f i c a n t  two-dimensional e f f e c t s  when 
macroscopic samp-les of  c o a l  a r e  pyrolyzed. 

R e s u l t s  ob ta ined  t o  d a t e  provide  
some q u a l i t a t i v e  inforniat ion about  two- 

' d imens iona l  p y r o l y s i s .  F igu re  1, f o r  
example, shows t h e  product  d i s t r i b u t i o n  
a s  a  f u n c t i o n ' o f  maximum p y r o l y s i s  temper- 
a t u r e .  A s  one would expec t ,  t he '  ga s  y i e l d  

" i n c r e a s e s  w i t h  temperature '  a t  t h e  expense 
of cha r  ( p r i m a r i l y )  and l i q u i d  hydrocarbons 
Heat ing r a t e ,  w i t h i n  t h e  range  examined, 
seems t o  have only  a  s m a l l  e f f e c t  on t h i s  
d i s t r i b u t i o n .  . Sone d a t a  taken  by t h e  
Lawrence Livermore Laboratory (LLL) us ing  
t h i s  p a r t i c u l a r  c o a l  have been inc luded  i n  

. : Fig.  '1 for comparat ive purposes.5'7 

  as product ion  d a t a  a r e  summarized i n  
F igs .  2-7. A s  shown i n  Fig.  2, t h r e e  d l s -  
t i n c t  r eg ions  of  gas product ion a r e  observed: 
l o s s  of adsorbed o r  l o o s e l y  bound volati les,  
t h e  so -ca l l ed  primary p y r o l y s i s  s t a g e , 8  
and a  secondary s t a g e .  Staged gas  produc- 
t i o n  such a s  t h a t  snown i n  Fig.  2  was s een  
only  i n  t hose  experiments  i n  which t h e  
lower hea t ing  r a t e  was employed. The amount 
of  ga s  produced dur ing  t h e  secondary s t a g e  
is  s i g n i f i c a n t l y  g r e a t e r  than  tha t  predicted 
from convent iona l  d a t a  ob ta ined  from 
powdered c o a l  and i s  thought  t o  be  t h e  
r e s u l t  of e x t e n s i v e  t a r  and steam i n t e r -  
a c t i o n s  w i t h  t h e  cha r  bank n e a r  t h e  b lock  
s u r f a c e .  This  is  brought  i n t o  focus  by 
F ig .  3 ,  which shows t h e  t o t a l  g a s  produc- 
t i o n  p e r  ki logram of c o a l  a s  a f u n c t i o n o f  
p y r o l y s i s  temperature  nnrl of h ~ n t i n u  r a t e  

Determina t ions  made by LLL us ing  traditiorlcrl 
powder p y r o l y s i s  t echniques  a r e  aga in  in- 
cluded f o r  comparison. 5-7 F igu re s  4 throu$b 
6 show ' t h e  e v o l u t i o n  of i n d i v i d u a l  ga s  con- 
sti tuents--CHq, C2, C3, C02, C O ,  and Hz-- 
a s  a  f u n c t i o n  of block tempera ture  a t  a  
h e a t i n g  r a t e  of 0.3co/min. 
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Fig .  1. Product  d i s t r i b u t i o n  a s  a  
f u n c t i o n  of hea t ing  r a t e  and 
maximum p y r o l y s i s  temperature. 
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Fig.  2. T o t a l  g a s  p roduc t ion  f o r  two- 
d imens iona l  pyrolysis  experiments 

. a t  0 .3  CO/min h e a t i n g  r a t e .  
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Fig. 3. Total gas as a func- Fig.. 5. ,Light hydrocarbon content of py- 
tion. of maximum pyrolysis tem- , . . .rolysis gas' as a function of 
perature and heating rate. block surf ace temperature (heat- 

ing rate & 0.3 Co/min). 
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Fig. 4. Methane content of pyrolysis gas Fig. '6. Hydrogen, carbon monoxide, and 
. . as.a function of block surface carbon dioxide contents.of pyrol- 

. . temperature (heating rate = .  , ysis gas as a function of block 
0.3 CO/min). surface temperature (heating . 

. . . . 
rate = 0.3 Co/mSn) . 
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Fig.  7. ~ ~ o - d l r u r 1 ~ s i u i i a 1  pyrolysi is  of w e t  
. and d r i e d  subbituminous c o a l s .  
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By fo l lowing  changes i n  composition of 
t h e  p y r o l y s i s  g a s  w i t h  t ime f o r  a  t y p i c a l  
experiment ,  one observes  t h a t  t h e  evolu- 
t i o n  of methane and l i g h t  hydrocarbons i s  
s u b s t a n t i a l  dur ing  t h e  primary p y r o l y s i s  
s t a t e  b u t  d imin ishes  r a p i d l y  a s  t h e  t'em- 
p e r a t u r e  i n c r e a s e s  beyond 600°C. Produc- 
t i o n  of carbon monoxide and hydrogen ( in -  
~ i g n i f i c a n t  below 400°C) increases  rapi.rl1.y 
t o  account f o r  n e a r l y  90% of t h e  t o t a l g a s  
produced i n  l a t e r  s t a g e s  of p y r o l y s i s .  
Fu r the r  t e s t s  u t i l i z i n g  d r i e d  c o a l  Blocks 
have shown (Fig.  7) t h a t  g a s  product ion  
from as-received b locks  is  h i g h e r ,  by a  
f a c t o r  of two t o  t h r e e ,  than  t h a t  observed 
from dewatef ed. c o a l .  These d a t a  f u r t h e r  
suppor t  ou r  con ten t ion  t h a t  enhanced gas  
product ion  i s  a  r e s u l t  of e x t e n s i v e  steam- 
cha r  r e a c t i o n s  which t a k e  p l a c e  a s  steam 
genera ted  a t .  t h e  c o r e  of t h e  b lock  d i f -  
f u s e s  through a  h igh- tempera ture ' char  bank 
a t  t h e  b lock  s u r f a c e .  Table  1 shows t 'he 
o v e r a l l  composition of p y r o l y s i s  g a s  pro- 
duced by t h e  two types  of experiments .  

EASTERN BITUMINOUS COAL 
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More r e c e n t  experiments  have examined 
t h e  behavior  of an e a s t e r n  bituminous c o a l  
under the same c snd i t i ons  a s  those described 
above. The c o a l ' u s e d  i n  . t he se  tests, ob- 
t a i n e d  .from t h e  Morgantown Energy Research 
Center  (MERC), was taken  from the: P i t t sburgh  
seam n e a r  Pr icetown,  West V i r g i n i a ,  where 

.MERC i s  t o  conduct f i e l d  tests of t h e i r  i n  
s i t u  g a s i f i c a t i o n  process .  Proximate and 
u l t i m a t e  ana lyses  f o r  t h e  c o a l  a r e  g iven  
i n  Table  2,  

' 

Table 1 .  Two-dimensional and moisture contrnt . e fFec ta  

I - . on the overa.11 composition of gases  produccd h y  
pyro lys i s  o f  weitern subbituminous coalea 

i . . 
1 

0 , 4 0 0  800 1200 

Component 
gas  

.Mole Percent 
2-D, wetC 2-D. drv8 

I aA.ll s imples  taketi from Wyoming's Roland-Smith coa l  seam 
(moisture content  % 30%).  Ultimate and proximate analy- I s e s  are  g iven  i n  OMLlTlf-5291. p. 561 (September 1976) .  

. b ~ e p o r e e d  by J. H .  Campbel'l. UCRL-52035 (March 1976) .  

'ORNL experiment BP2-15; heat ing r a t e ,  3 Co/min t o  maximum 
temperature o f  900°C. , 

I 
d~Rh% experiment BP2-19; dried under vacuum a t  1259C 

prior t o  pyro lys i s  a t  3 CO/mfn t o  1000°C. 

R e s u l t s  of t h e  p y r o l y s i s  tests t o  be  
desc r ibed  a r e  s i g n i f i c a n t l y  d i f f e r e n t  from 
those  observed du r ing  s t u d i e s  of wes t e rn  
subbituminous c o a l .  The c o a l  was machined 
i n t o  14-cm r i g h t  c i r c u l a r  c y l i n d e r s ,  a s  
b e f o r e ,  and then  d r i l l e d  t o  accep t  1.2-mm 
thermocouples f o r  i n t e r n a l  t empera ture  
measurement. Table  3 summarizes t h e  test  
c o n d i t i o n s  f o r  bi tuminous c o a l  experiments  
performed thus  f a r .  The ranges  of bo th  
maximum tempera ture  and h e a t i n g  r a t e  a r e  
t h e  same a s  t h o s e  u t i l i z e d  f o r  subbi tumi-  
nous c o a l s ,  a l t hough  fewer d a t a  have been 
taken  f o r  t h i s  t ype  of c o a l .  

.The c h a r s  produced i n  every  experimenc 
desc r ibed  by Table  3 e x h i b i t e d  c h a r a c t e r i s -  
t i c s  s i g n i f i c a n t l y  d i f f e r e n t  from t h o s e  of 
c h a r s  produced by t h e  p y r o l y s i s  of wes te rn  
c o a l  (descr ibed  i n  r e f .  4).  These c h a r s ,  
which have a  h i g h e r  density and a  much g r e a t e r  
c rush ing  s t r e n g t h ,  a r e  n o t p y r o p h o r i c  t o  an> 
degree .  Char r e a c t i v i t y  tests ( t o  be  pe r -  
formed a t  Argonne N a t i o n a l  Labora tory)  a r e  
expected t o  show t h e  m a t e r i a l s  t o  be  f a r  
less a c t i v e  chemica l ly .  I n  a d d i t i o n  t o  t h e  
d a t a  shown i n  Table  3 ,  i t  was observed that  
t h e  d e n s i t y  of t h e  char  p a s s e s  through a  
maximum a s  one t r a v e r s e s  t h e  block from thn  
c e n t e r  t o  t h e  s u r f a c e ;  conve r se ly ,  t h e  p o r -  
o s i t y  pas se s  th rough a  minimum. Workers 
w i t h  coke oven expe r i ence  r e p o r t 9  t h a t  t h i '  
is  t h e  r e s u l t  of t a r  c r ack ing  and subsequenl 
carbon d e p o s i t i o n ,  which take  p l ace  a s  t a r s  
evolved n e a r  t h e  c e n t e r  of t h e  b lock  en- 
counter  t h e  ho t  char  bank i n  t h e i r  outward 
d i f f u s i o n  pa th .  T h i s  e f f e c t  was not  observcal' 
wi th  wes te rn  c o a l  because  t h e  p o r o s i t y  of 
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r Table 2. Proximate and u l t i m a t e  a n a l y s e s  f o r  P i t t sburgh .Seam.  Coal  
. . used i n  two-dimensional p y r o l y s i s  s t u d i e s  (wt %) 

L 
Analys i s  I d e n t i f i c a t i o n  

"MERC h o l e  MERC h o l e  
BP2-WVA-1 BP2-WVA-2 BP2-WVA-4 NO. la. No. 2a 

. . proximate a n a l y s i s  
. Moisture  

. . 
1 ..I4 0.68 0.59 . 0.98 ' 1.04 

V o l a t i l e  m a t t e r  3 4 . 4  '. 37.3 34.1' 42.23. 40.00 
AS h 6.46 6.92 6.43 10.09 8.90 

Ul t imate  a n a l y s i s '  (maf) 
. Carbon 83.73 84'.92 . ' 84.23 81.6 81.8 
Hydrogen 5'. 32 5.95 . 5.78 5.54 . 6.06 
Nitrogen 1.55, 1 .71  1.65 ' .  1.34 1.46 
S u l f u r  3.80 2.69 . .4.29 4.61 4 .58 , .  
oxygen (by d i f f e r e n c e )  5.61 4.73 4. 0,5 . , 5.87 6.10 

a ~ a t a  ob ta ined  f r o m  r ,nke'sarnples taken  a t  the  Pricetown UCG f i e l d  test  s i te .  Values  
shown r e p r e s e n t  a  range of de t e rmina t ions -  ( i . e . ;  1.0.09% ash  i s . a n  average  of determina-  
t i o n s  ranging  from 3 t o  40%). See Chemical and Mine ra log i ca l  C h a r a c t e r i z a t i o n  of Core 

-Samples from underground Coal Gas i f5ca t ion  S i t e s  in-Wyoming'.and West V i r g i n i a ,  Report 
No. M E R C / R I - ~ ~ / ~  (December 1975).  

t h e  cha r  was much g r e a t e r , a n d  t h e  product  
o i l s  were l i g h t e r .  A summary of char  
c h a r a c t e r i s t i c s  .from some r . ep re sen t a t i ve  
tests i s  g iven  i n  Table  4.-  .Not,e t h a t ,  . a s  
expected-, t h e  hydrogen conten t  of the cha r  
dccrease 's  as t h e  maximum temper- 
a t u r e  rises. These d a t a  a l s o  suppor t  t h e  
obse rva t ion  t h a t  i n c r e a s e s  i n  cha r  density 
a t  r a d i a l  p o s i t i o n s  about halfway f r o m t h e  
c e n t e r  t o  t h e  s u r f a c e  of t h e  r e s i d u a l  
b lock  a r e  caused .by  t a r  c r ack ing  . . and sub- 
sequent  carbon d e p o s i t i o n .  Samples from 
BP2-24, f o r  example, show increased carbon 
con ten t  a t  r , /R = 0.5. 

Table 3; Two-dimensional pyrolys i s  experiments u t i l i z -  
i n g  a n ' e a s t e r n  bituminous c o a l  (Pittsburgh seam) . 

. . 
. . Beating. Maximum 

Pyrolys i s  r a t e  temperature 
t e s t  no.  (CO/min) . ("C) 

'considerable f luctuat ion  i n  gas production o b s e r v ~ d  and 
eevere temperature cyc l ing .  

a n a l y s i s  data not :complete. 

During each  experiment ,  t h e  £ l u i d  
n a t u r e  of  t h i s  c o a l ,  upon r each ing  t h e  
s o f t e n i n g  p o i n t ,  could be  i n f e r r e d  from 
t h e  sound of gases  bubbl ing w i t h i n  t h e  
' r e a c t o r  and from observed f l u c t u a t i o n s  
i n  the '  ga s  produ 'c t ion r a t e .  ' F igu re  8 i s .  
t y p i c a l  of t h i s  behavior  f o r  t h e  low- 
hea t ing - r a t e  experiments .  Also ,  t h e  re- 
s i d u a l  char  b lock  produced by each tes t  
showed many e f f e c t s  of s w e l l i n g  and f l u i d  
behavior  dur ing  p y r o l y s i s ,  such  a s  i n t e -  
r i o r  bubble  v o i d s  and smooth; g l a s s l i k e  

. s u r f  aces .  

. ' Figu re s  9 through 11 .provide d e t a i l s  
of component gas  p roduc t ion  f o r  some of 
t h e  tests descri .bed b.y Table  3 .  Note t h a t  
n e a r l y  a l l 'C2-C3 hydrocarbons are. evolved 
when t h e  s u r f a c e  tempera ture  of t h e  b lock  
l i e s  between 300 and 500°C. A s  observed 
w i t h  t h e  wes te rn  c o a l ,  CO and H2 a r e  pro- 
duced i n  l a r g e  q u a n t i t i e s  ''only a t  h ighe r  
tempera tures .  A t  t h e  lower h e a t i n g  rate, 
CH4,appears t o  be  produced by two d i f f e r -  
e n t  mechanisms, peak p roduc t ion  t a k i n g  
' p l ace  when t h e  s u r f a c e  tempera ture  l i e s  
w i t h i n  t h e  ranges  100 t o  300°C and 400 t o  
600°C. This  behavior  is  riot observed a t  
t h e  h ighe r  h e a t i n g  r a t e  due t o  t h e  increased 
voluine of ga s  p roduc t ion  p e r  u n i t  t i m e .  
Table  5 g i v e s  t h e  observed t o t a l  g a s  pro- 
. duc t ion  f o r  a l l  tests, normalized t o  a 
u n i t  weight  of maf sample. R e s u l t s  f o r  
wes t e rn  c o a l s  a r e .  a l s o  p re sen t ed  f o r  corn-. 
pa r i aon .  



Tabla 4. Characteristics of chars  produced by two-dimensional pyro lya ia  of P i t t sburgh  aeam c o a l  

b ~ l  v a l u e s e r e  msf except those s h o ~  f o r  moisture and ash.  

'values ah- a r e  msf. t tu l t lp ly  by 2.328 ro  o b t a i n  kJlkg.  

t 

ORNL DWG 7.7-728A 

ORNL D W G  7 7 - ' 7 2 ~  

Heating valuec 
(Btu/lb) 

14,192 

. 13,698 

14.254 

14.418 . 

15,987 

14.207 

13.967 

f EMPERATURE (OC') 

'char samples were taken from three  a r e a s  .of t h e  c y l i n d r i c a l  block: a t  t h e  a x i s  of symmecry ' ( r /~  - 0). a t  t h e  s u r f a c e  ('/R - 1 ) .  and between 
theae extremes trIR - 0.5). 

Component weight percent b 

nOisture . ~ s h  . Carbon Hydrogen Nitrogen Sul fur  

0.43 8.06 95.95 0.66 1.43 , 2.02 

0 7.47 . 97.47 ' .0.53' ' 1.31 ' 1.62 

0.33 8.73 96.82 0.85 1.43 1.96 

0.52 7.84 94 .62 ,  1.11 1.71 3.39 

0.65 9.25, 90.88 2.85 2.06 . l .  96 

0.15 4.63 96.37 0.63 1.64 1.35 

0.14 . . 9 . 9 5  97.44. , 0.68 ' 1.07 ' . '1.77 

Fig. 8. Fluctuatlng gas production at 
0.3 co/min heating rate using 

, , 

Pittsburgh coal. 

Re'dial 
p o s i t i o n  ( K / R ) ~  

1 

' 0.5 

0 ' 

0.5 

0 

0 .5  

1 

' sample Haximum pyrolys is  
number . temperature ('C) 

BP2-24P ' ' 1000 

BP2-24G 1000 

BPZ-24H 1000 

BP2-250 ' 800 

BP2-27C , 600 . , 

BP.2-23C 1000 

'BPZ-26D 1000 

- I t -  
0 C 0 500 . 1000 
> 2 - . TEMPERATURE (OC) 

Heating r a t e  
(c0/min) 

3.0 

. 3.0 

3.0 

, L O  

3.0 

0 .3  , 

0.3 

Fig. 9. Hydrogen and methane.content of 
pyrolysis.gas as a function of. 
bl.ock surface temperature. (heat- 
ing rate = 0; 3 Co /min) . 

\.. . TEMPERATURE ( O C )  

~ i g .  10. Carbon monoxide and carbon dio- 
xide 'content of pyrolysis gas as 
a function of block surface tem-' 
perature (heating rate = 0.3 cO/ 

. min) . 



TEMPERATURE ( "C)  

Fig. 11. Light hydrocarbon content of 
pyrolysis gas as a function of 
block surface,temperature 
(heating. rate = 0.3,C0/min). 

Table 5. Total  gas production for  bituminous coal pyrolysis  
t e s t s  dnd selecled subbitumlnuus Lest, 

Maximum Total  gas 
temperature 

Test descr ipt ion 
production 

("C) (91kg coal ) '  

. . 

For 3.0eC/min hcat ing r a t e  

.For 0.3°C/min heat inq r a t e  

% a s  production for  each t e s t  I s  normalized t o  the maf weight of the 
coal  specimen pyrolyzed. 

>ests using western subbituminous coal (Roland-Smith seams) having an . 
as-received n u i s t u r e  content of  about 27 wt X.  

DISCUSSION 

Although the 'results of pyroiysis 
experiments utilizing eastern coals are 
incomplete,, several points of similarity 
.and difference between the two coa1:types 
being studied.are already obvious: 

. . 

(1) Produced chars po'ssess signifi- 
cantly different characteristics; 
western coa'ls yield a more fri- 
able, reactive residue'. 

. . 
(2) Two-dimensional gas production 

during pyrolysis of the wetter 
' 'subbituminous - coal is signif i- 
cantly greater, although the 
'overall mechanisms for the pro- 
duction of specific components 
appear to be similar. 

These observations and the results des- 
cribed above clearly suggest' that UCG pro-. 
cess applications to eastern coal fields 
will require' special attention to porosity 
losses through swelling, low char reactiv- 
ity, and reduced gas'production from 
p y r ~ i y ~ i ~ .  

Future experiments at ORNL will. be 
directed at determination of the effects 
of pressure on the results obtained thus 
far using an atmospheric-pressure system. 
Such effects are presently,unknom and may 
greatly influence the accuracy of present- 
'generation-diagnostic codes. 
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