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INTRODUCTION 

Due a t  l e a s t  p a r t l y  t o  t h e  dwindl ing n a t i v e  s u p p l i e s  of  o i l  and n a t u r a l  gas ,  
major research  and development e f f o r t s  aimed a t  conver t ing  c o a l  i n t o  a l t e r n a t i v e  f u e l s  
a r e  c u r r e n t l y  underway i n  t h i s  count ry .  During t h e s e  v a r i o u s  coa l  convers ion  process- 
e s  two main events  t a k e  p l a c e ,  namely: ( i )  e v o l u t i o n  of t h e  v o l a t i l e s  (pyro lys i s )  and 
( i i )  g a s i f i c a t i o n  of t h e  s o l i d  r e s i d u e .  

The understanding of  t h e  mechanisms of p y r o l y s i s  and g a s i f i c a t i o n  of coa l  
i s  t h e r e f o r e  important  f o r  achiev ing  op, t imizat ion of any conversion process .  Never- 
t h e l e s s ,  t h e  complexity of t h i s  s u b j e c t  m a t t e r  i s  so g r e a t  t h a t  i t  i s  always d e s i r a b l e  
t o  s tudy p y r o l y s i s  s e p a r a t e l y  from g a s i f i c a t i o n .  Accordingly,  t h i s  paper  d e s c r i b e s  
experiments i n  which c l o s e l y  s i z e  graded pulver ized  c o a l  p a r t i c l e s  were pyrolyzed ( i n  
a laminar flow p y r o l y s i s  furnace)  fo l lwoing  a r a p i d  r a t e  of heat ing.  The r e s u l t i n g  
c h a r s  were examined t o  de te rmine  t h e  changes i n  p h y s i c a l  c h a r a c t e r i s t i c s  due t o  rapid 
hea t ing .  

EXPERIMENTAL 

Apparatus The appara tus  b u i l t  f o r  s tudying  p y r o l y s i s  fo l lowing  r a p i d  h e a t i n g  of pul- 
v e r i z e d  coa l  I s ,  i n  p r i n c i p l e ,  s i m i l a r  t o  t h a t  of  Badzioch and Hawksley (1). It w a s  
s p e c i f i c a l l y  designed t o  accomplish t h e  fo l lowing  major f u n c t i o n s  i n  t h e  given order :  
( i )  feed  c o a l  p a r t i c l e s  i n t o  t h e  p y r o l y s i s  f u r n a c e  a t  a known r a t e ,  ( i i )  r a i s e  the 
temperature  of t h e  p a r t i c l e s  as r a p i d l y  as p o s s i b l e  ( i . e .  a t  a r a t e  approaching l o 4  
OC/sec) to t h e  predetermined tempera ture  ( i . e .  t h a t  of the  p y r o l y s i s  medium), ( i i i )  
a l low t h e  p a r t i c l e s  t o  be pyrolyzed a t  t h i s  temperature  f o r  a s p e c i f i c  t i m e ,  ( i v )  rap- 
i d l y  cool  t h e  products  t o  suppress  f u r t h e r  p y r o l y s i s  r e a c t i o n s ,  and (v)  s e p a r a t e  s o l i d  
( i . e .  char )  from t h e  gaseous p r o d u c t s .  

The major components of t h i s  a p p a r a t u s  (F igure  1) a r e :  a p y r o l y s i s  furnace, 
a gas  prehea t  furnace ,  a f u e l  supply system, and a cyclone.  A l l  t h e s e  components have 
been descr ibed  i n  d e t a i l  e l sewhere  ( 2 ) .  
gas  prehea t  furnaces .  The p y r o l y s i s  furnace  c o n s i s t s  of  two c o n c e n t r i c  McDanel MV 30 
m u l l i t e  tubes.  The i n n e r ,  r e a c t i o n  t u b e  i s  5.08 cm i d ,  5.72 c m  od, and 58.42 cm long; 
t h e  o u t e r ,  'winding tube  i s  6.35 cm i d ,  6.985 cm od,  and 50.8 cm long .  The winding 
tube  c a r r i e s  two d i f f e r e n t  s i z e s  of Kanthal  A-1 h e a t i n g  elements w i t h  spacing of about 
1 .5  windings per  cent imeter  over  a t o t a l  l e n g t h  of 45.72 cm. Six shunt  t a p s  were con- 
nected to  t h e  e l e c t r i c a l  c i r c u i t  of t h e  furnace  t o  provide c o n t r o l  over  t h e  shape of 
t h e  gas  temperature  p r o f i l e  i n  t h e  r e a c t i o n  zone. 
and t h e  furnace  housing (which w a s  made of s t a i n l e s s  steel s h e e t ) ,  w a s  f i l l e d  with 
f i b r e f r a x  i n s u l a t i o n .  The gas  p r e h e a t  furnace  ( o r  p r e h e a t e r )  a l s o  c o n s i s t s  of a 
McDanel MV 30 m u l l i t e  tube  of 1.905 c m  i d ,  2.54 cm od ,  and 5 3 . 4 3  cm long .  S i l i c o n  
c a r b i d e  (SIC) b a r s  were used as t h e  h e a t i n g  elements .  The prehea ter  was i n s u l a t e d  a s  
s p e c i f i e d  f o r  the p y r o l y s i s  furnace .  The w a l l  temperatures  of t h e  f u r n a c e  and pre- 
h e a t e r  tubes w e r e  Ipeasured wi th  chromel/alumel  thermocouple beads placed along the  
tubes.  The p y r o l y s i s  g a s  tempera ture  p r o f i l e  i n  t h e  r e a c t i o n  zone was measured with 
a sua11 suc t ion  pyrometer a l s o  us ing  a cnromel/alumel thermocouple bead. Tne temper- 
a t u r e s  of t h e  furnace  and p r e h e a t e r  t u b e s  w e r e  each c o n t r o l l e d  by a TEM PRESS temper- 
a t u r e  c o n t r o l l e r .  

Procedure 

Following i s  a summary on t h e  p y r o l y s i s  and 

The space  between t h e  winding tube 

With t h e  temperature  c o n t r o l l e r s  of t h e  p y r o l y s i s  and gas  p r e h e a t  furnaces  
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s e t  a t  955 and 965 OC,  r e s p e c t i v e l y ,  and a t  t h e  t o t a l  n i t r o g e n  gas  ( p y r o l y s i s  medium) 
f low r a t e  s e l e c t e d ,  t h e  temperature  of n i t r o g e n  gas  i n  t h e  Teac t ion  zone was 808 O C .  

An a p p r o p r i a t e  arrangement of t h e  shunts  a c r o s s  t h e  shunt  taps  rendered t h i s  n i t r o -  
gen gas  temperature p r o f i l e  reasonably  f l a t  (2) .  The gas  f low i n  t h e  p y r o l y s i s  f u r -  
nace was laminar wi th  a Reynolds number of 438. Laminar f low h e l p s  t o  keep t h e  
pyrolyzing coa l  p a r t i c l e s  i n  a narrow stream down t h e  furnace  a x i s .  

Coal from t h e  hopper (Fig. 1) was c a r r i e d  i n t o  t h e  p y r o l y s i s  furnace  through 
a water-cooled, and i n s u l a t e d  feeder  probe by a smal l  f low of t h e  primary n i t r o g e n  
gas  s t ream. This feeder  was chosen such  t h a t  i t s  c o l d  v e l o c i t y  w a s  approximately 
i s o k i n e t i c  with t h e  hot  secondary s t ream; t h i s  has  been found t o  d i s t u r b  t h e  p a r t i c l e  
s t ream t h e  l e a s t  (1). 
water-cooled, i n s u l a t e d  probe. Adjustment of t h e  probe a l t e r e d  t h e  r e s i d e n c e  t i m e  
i n  t h e  furnace .  

In t h e  f u r n a c e , t h e  p a r t i c l e s  were c o l l e c t e d  by an a d j u s t a b l e  

The coa l  p a r t i c l e s  i n  t h e  furnace  were i n  a d i l u t e  suspension (gas t o  s o l i d  
r a t i o  w a s  about 80 t o  1) and consequent ly  were heated t o  t h e  gas  temperature  a t  a 
r a t e  of about 8000 OC/sec. The p a r t i c l e s  were allowed t o  pyrolyze a t  t h e  r e a c t i o n  
temperature  f o r  a s p e c i f i c  t ime,  determined by t h e  c o l l e c t i o n  probe p o s i t i o n .  To 
avoid d i s t u r b i n g  t h e  f low of  gas  in t h e  p y r o l y s i s  furnace ,  t h e  s u c t i o n  rate used f o r  
a s p i r a t i n g  the  s o l i d  and gas ious  products  i n t o  t h i s  probe w a s  kept  e s s e n t i a l l y  i s o -  
k i n e t i c  wi th  t h e  f low stream i n  t h e  furnace .  Sol id  and gaseous products  were separ -  
a t e d  i n  a small cyclone.  The fol lowing c o n d i t i o n s  were kept  cons tan t  throughout t h e  
i n v e s t i g a t i o n :  ( i )  c o a l  feed r a t e  = 0.5 /min, ( i i )  t o t a l  n i t rogen  g a s  f low r a t e  
i n t o  t h e  pyro lys i s  furnace  = 31.72 L/min f29.74 L/min from t h e  secondary s t ream and 
1.98 t /min from t h e  primary stream], ( i i i )  g a s  s u c t i o n  r a t e  i n t o  t h e  c h a r  c o l l e c t o r  
probe = 16.99 L / m i n ,  ( iv )  f i n a l  p y r o l y s i s  temperature  = 808 O C ,  and (v) p r e s s u r e  = 
normal a tmospheric .  The p y r o l y s i s  of c o a l  p a r t i c l e s  was determined a s  a f u n c t i o n  of 
t h e  mean p a r t i c l e  s i z e  by weight (50 - 181 pm), i so thermal  p y r o l y s i s  t i m e  (0.018 - 
1.025 seconds) ,  and parent  c o a l  ( t h r e e  l i g n i t e s ,  Table  1). 

RESULTS 

Weight Loss 
the  hea t ing ,  isothermal ,  and cool ing  p e r i o d s .  Based on t h e  p a r t i c l e  cool ing  r a t e  
of 2 . 7 2  x l o 4  OC/sec i n  t h e  c h a r  c o l l e c t i o n  probe, 
s is  dur ing  the  cool ing  per iod was n e g l i b l e  compared t o  t h a t  occur r ing  a t  t h e  maximum 
temperature  ( 2 ) .  Experimental r e s u l t s  a l s o  showed t h a t  p y r o l y s i s  dur ing  t h e  r a p i d  
h e a t i n g  per iod ( t h e  d u r a t i o n  of which w a s  about  0.095 s e c  f o r  a l l  t h e  p a r t i c l e  s i z e s  
s t u d i e d )  was n e g l i g i b l e  compared t o  t h a t  occur r ing  a t  t h e  maximum temperature  (2) .  
On t h e  b a s i s  of these  r e s u l t s  i t  was concluded t h a t  p y r o l y s i s  i n  t h e  laminar  f low 
furnace  occurred under e s s e n t i a l l y  i so thermal  c o n d i t i o n s .  

Coal p a r t i c l e s  f lowing downwards i n  t h e  p y r o l y s i s  furnace  went through 

i t  was concluded t h a t  pyroly-  

Under t h e  experimental  c o n d i t i o n s  g iven  above, t h e  t o t a l  r e s i d e n c e  t i m e  of 
n i t r o g e n  gas  i n  t h e  r e a c t i o n  zone of 30.48 c m  i n  l e n g t h  w a s  0 .3  second. Small c o a l  
p a r t i c l e s  were assumed t o  t r a v e l  a t  t h e  same v e l o c i t y  as t h e  gas, implying t h e r e f o r e  
t h a t  t h e i r  t o t a l  res idence  t i m e  i n  t h e  r e a c t i o n  zone w a s  a l s o  0.3 second. Since no 
a p p r e c i a b l e  pyro lys i s  occurred dur ing  t h e  r a p i d  h e a t i n g  per iod ,  t h e  maximum i s o t h e r -  
mal p y r o l y s i s  time (? i s0)  could be obta ined  from t h e  d i f f e r e n c e  between t h e  t o t a l  
res idence  time and h e a t i n g  time i n  t h e  r e a c t i o n  zone, i . e .  ~i~~ = 0.3  - 0.095 = 0.205 
second. 
of c o a l  p a r t i c l e s  was n e g l i g i b l e ,  t h e  h e a t i n g  ra te  of t h e s e  p a r t i c l e s  was es t imated ,  
on t h e  assumption o f  l i n e a r  r i s e ,  t o  be 8000 O C / s e c  ( 2 ) .  

Assuming t h a t  t h e  temperature  g r a d i e n t  between t h e  c e n t e r  and t h e  s u r f a c e  

Due t o  t h e  geometr ic  c o n f i g u r a t i o n  of  t h e  a p p a r a t u s  (Fig.  1) a p p r e c i a b l e  
amounts of s o l i d s  missed t h e  char  c o l l e c t i o n  probe,  render ing  a d i r e c t  m a t e r a i l  ba l -  
ance  u n r e l i a b l e .  Therefore ,  weight l o s s  (i.e. v o l a t i l e  y i e l d )  w a s  determined us ing  
a s h  a s  a t r a c e r .  For  each l i g n i t e  s t u d i e d ,  weight l o s s  was expressed as f u n c t i o n  of 
mean p a r t i c l e  s i z e  by weight and i so thermal  p y r o l y s i s  t i m e .  
l i g n i t e  (PSOC-246) were recyc led  i n t o  t h e  p y r o l y s i s  furnace  one o r  more t i m e s  g iv ing  

Some samples of one 
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a maximum cumulat ive i so thermal  p y r o l y s i s  t i m e  of 1 .025 seconds.  
iment showed t h a t  r e c y c l i n g  t h e  samples i n t o  t h e  furnace  had no measurable e f f e c t  on 
t h e  k i n e t i c s  of t h e  p y r o l y s i s .  A s i m i l a r  r e s u l t  w a s  obtained by Anthony e t  a l .  (3) .  

A s u b s i d i a r y  exper- 

Typical  r e s u l t s  on weight l o s s  a r e  presented  i n  F igures  2 and 3. 
dashed curves i n  t h e s e  f i g u r e s  a r e  genera ted  by t h e  empir ica l  Badzioch and Hawks ley  
Equation, us ing  t h e  p h y s i c a l  k i n e t i c  c o n s t a n t s  given i n  Table  2: 

The s o l i d /  

where AW i s  t h e  weight l o s s  expressed as a percentage  of t h e  o r i g i n a l  dry-ash-free 
c o a l ,  VM, is t h e  proximate v o l a t i l e  m a t t e r  of c o a l  on dry-ash-free b a s i s ,  Q i s  t h e  
so-cal led Q-factor, C i s  t h e  Badzioch and Hawksley empir ica l  c o n s t a n t ,  k i s  t h e  re -  
a c t i o n  r a t e  c o n s t a n t ,  and T~~~ i s  a s  def ined  above. 

The r e s u l t s  i n  F i g u r e s  2 and 3 show t h a t :  ( i )  weight l o s s  depends on t h e  
p a r t i c l e  s i z e  and p y r o l y s i s  t ime,  smaller s i z e s  and longer  t i m e s  g iv ing  g r e a t e r  
weight l o s s ,  ( i i )  t h e  agreement between t h e  experimental  and c a l c u l a t e d  weight l o s s e s  
i s  good f o r  t i m e s  s h o r t e r  than about  0 . 2  second,  b u t  t h e  d i s p a r i t y  becomes g r e a t  
t h e r e a f t e r ,  and ( i i i )  t h e  e x t e n t  of weight  l o s s  f o r  t h e  two l i g n i t e s  (PSOC-90 and 
PSOC-246) i s  comparable; t h i s  i s  perhaps due t o  t h e  f a c t  t h a t  these  l i g n i t e s  a r e  
q u i t e  similar as f a r  as chemical  composi t ion goes (Table 1). 
behavior  s i m i l a r  t o  t h a t  of PSOC-90 and PSOC-246, and hence i s  omit ted here .  

C h a r a c t e r i s t i c s  of Coals and Chars 
t h e  o r i g i n a l  c o a l s  and t h e  subsequent  c h a r s  w e r e  determined as fol lows:  
en and carbon d i o x i d e  s p e c i f i c  s u r f a c e  a r e a s  c a l c u l a t e d  from t h e  BET and Dubinin- 
Polanyi  equat ions  (4, 5 ) ,  us ing  t h e  a d s o r p t i o n  d a t a  a t  77  and 298 OK, r e s p e c t i v e l y ;  
( i i )  apparent  and t r u e  d e n s i t i e s  ob ta ined  from mercury and helium displacements ,  as- 
suming t h a t  samples were proper ly  degassed ( 6 ) ;  and ( i i i )  t o t a l  open pore  volumes 
and p o r o s i t i e s ,  c a l c u l a t e d  from mercury and hel ium d e n s i t i e s .  

PSOC-140 exhib i ted  a 

The fo l lowing  p h y s i c a l  c h a r a c t e r i s t i c s  o f  both 
( i )  ni t rog-  

For each l i g n i t e  s t u d i e d ,  t h e  changes i n  t h e  s t r u c t u r a l  parameters  were 
determined as a f u n c t i o n  of t h e  mean p a r t i c l e  s i z e  by weight and i so thermal  p y r o l y s i s  
time. Typical  r e s u l t s  a r e  given i n  F i g u r e s  4 and 5 .  The f i g u r e s  show t h a t :  ( i )  
t h e  s p e c i f i c  s u r f a c e  a r e a s  i n c r e a s e  w i t h  i n c r e a s i n g  p y r o l y s i s  t i m e ,  t h e  i n c r e a s e  
becoming more a p p r e c i a b l e  a f t e r  t i m e s  g r e a t e r  than  about  0.2 second, ( i i )  t h e  helium 
d e n s i t y  g r a d u a l l y  i n c r e a s e s  w i t h  i n c r e a s i n g  p y r o l y s i s  t i m e ,  whereas t h e  mercury dens- 
i t y  decreases  wi th  t i m e ,  r a p i d l y  a t  f i r s t ,  t h e n  more s lowly l a t e r ;  bo th  d e n s i t i e s  
tend t o  l e v e l  o f f  a f t e r  about  0 .6  second, and ( i i i )  t h e  t o t a l  open pore  volumes and 
p o r o s i t i e s ,  which were c a l c u l a t e d  from t h e  d e n s i t y  d a t a ,  r a p i d l y  i n c r e a s e  w i t h  in-  
c r e a s i n g  p y r o l y s i s  t ime,  tending  t o  l e v e l  of f  a f t e r  about  0 .6  second; t h i s  l as t  re- 
s u l t  i s  given elsewhere ( 2 ) .  

C o r r e l a t i o n  Between Weight Loss  and Some P h y s i c a l  S t r u c t u r a l  Parameters  The re lease  
of v o l a t i l e  mat te r  dur ing  p y r o l y s i s  r e s u l t s  i n  a development i n  t h e  i n t e r n a l  poros i ty  
of t h e  i n i t i a l  m a t e r i a l .  This  i s  a d i r e c t  r e s u l t  of one or  a combination of the 
fol lowing:  
( i i i )  enlargement of e x i s t i n g  and/or  newly developed pores .  
i n t e r n a l  p o r o s i t y  can be fol lowed by measuring t h e  changes i n  t h e  phys ica l  s t r u c t u r a l  
parameters  g iven  above. This  type  of  in format ion  i s  important  because t h e  na ture  
of pore  s t r u c t u r e  of a p a r t i c u l a r  c o a l  determines t o  a l a r g e  degree t h e  e x t e n t  of 
i t s  r e a c t i v i t y  dur ing  a given c o a l  convers ion  process .  
6 and 7 show t h e  development of t h e  pore  s t r u c t u r e  of PSOC-90 and PSOC-246 as a 
d i r e c t  r e s u l t  of v o l a t i l e  matter r e l e a s e .  

( i )  opening of prev ious ly  c losed  pores ,  ( i i )  opening of new p o r e s ,  and 
The development of the  

The r e s u l t s  given i n  Figures  

DISCUSSION 

Experimental r e s u l t s  showing n e g l i g i b l e  p y r o l y s i s  dur ing  t h e  r a p i d  heat ing 
per iod  a r e  supported by c a l c u l a t i o n s  based on  f i r s t  o rder  non-isothermal k i n e t i c s .  
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D e t a i l s  on  these  c a l c u l a t i o n s  a r e  given elsewhere ( 2 ) .  
of gas ( i . e .  v o l a t i l e s )  r e l e a s e  dur ing  c o a l  p y r o l y s i s  i s  ( 7 )  

B r i e f l y ,  assume t h a t  t h e  r a t e  

dV/dt = k(Vo - V) 2 )  

where Vo i s  t h e  volume of  g a s  l i b e r a t e d  a t  i n f i n i t e  t i m e ,  V i s  t h e  volume of gas  l i b -  
e r a t e d  a t  time t ,  and k = ko exp(  - E/RT) where ko is t h e  frequency f a c t o r ,  E is t h e  
a c t i v a t i o n  energy,  R i s  t h e  gas  c o n s t a n t ,  and T i s  t h e  temperature .  Equat ion 2 was 
used t o  es t imate  the  v a r i a t i o n  of f r a c t i o n a l  weight l o s s  of v o l a t i l e s  (V/Vo) wi th  
t i m e  . 

The va lues  of k were determined exper imenta l ly  (2) and t h a t  of ko was e s t i -  
mated t o  be  of t h e  order  of The r e l a t i o n  k = ko exp(  - E/RT) was 
then used t o  es t imate  t h e  v a l u e s  of a c t i v a t i o n  e n e r g i e s  (E). For example for  k = 
2.6 
from t h e s e  c a l c u l a t i o n s  a r e  given i n  F i g u r e  8. 
f r a c t i o n a l  weight l o s s  of v o l a t i l e s  dur ing  t h e  h e a t i n g  per iod  i s  n e g l i g i b l y  small  
(< 2%) f o r  a l l  v a l u e s  of E > 55 kcal /mole.  
f o r  ko which, i n  t h i s  p a r t i c u l a r  c a s e ,  g i v e s  a v a l u e  of 63 kcal /mole f o r  E ,  then  t h e  
r e s u l t s  i n  F igure  8 are c o n s i s t e n t  w i t h  t h e  experimental  f i n d i n g .  

sec-' (8 ) .  

sec-' and T = 1081 OK (Table 2 ) ,  E was found t o  be  % 63 kcal /mole.  The r e s u l t s  
I t  is c l e a r  from F i g u r e  8 t h a t  t h e  

I f  one a c c e p t s  t h e  v a l u e  of  10  l3 sec-' 

While Badzioch and Hawksley's empir ica l  Equat ion 1 c o r r e l a t e s  f a i r l y  w e l l  

For example t h e i r  assumption t h a t  C remains a 
wi th  t h e  experimental  d a t a  a t  s h o r t  i so thermal  p y r o l y s i s  times (Figures  2 and 3 ) ,  i t  
should be t r e a t e d  wi th  some r e s e r v e .  
p o s i t i v e  cons tan t  v a l u e  a t  i n f i n i t e  t i m e  f o r  weakly swel l ing  c o a l s  i s  c o n t r a r y  t o  
k i n e t i c  expec ta t ions .  It can  be shown us ing  t h e  two-component hypothesis  t h a t  C 
approaches zero a t  i n f i n i t e  t i m e  ( 2 ) .  Badzioch and Hawksley's v a l u e  of 0.14 f o r  C 
was neve the less  used i n  t h i s  i n v e s t i g a t i o n  (2) s i n c e  it gave r e s u l t s  t h a t  c l o s e l y  
approximated t h e  expimental r e s u l t s  a t  s h o r t  t i m e s .  

CONCLUSIONS 

This  s tudy g i v e s  a n  i n s i g h t  i n t o  t h e  p y r o l y s i s  behavior  of pu lver ized  c o a l  
fo l lowing  a r a p i d  r a t e  of h e a t i n g  i n  a laminar  f low furnace .  It is  a l s o  h e l p f u l  f o r  
t h e  understanding of t h e  r e a c t i v i t i e s  of p a r t i c u l a r  c o a l s  wi th  common g a s i f y i n g  gas- 
es (e .g .  steam, a i r ,  oxygen, carbon d i o x i d e ,  hydrogen). For example, t h e  r e s u l t s  
show t h a t  t h e  change i n  t h e  s p e c i f i c  s u r f a c e  areas becomes a p p r e c i a b l e  only a t  t o t a l  
res idence  times g r e a t e r  than 0 .3  second ( i . e .  a t  p y r o l y s i s  t i m e s  g r e a t e r  t h a t  0.2 
second) a t  % 808 O C .  This  type  of in format ion  should be h e l p f u l  i n  a s s e s s i n g  t h e  
s u i t a b i l i t y  of p a r t i c u l a r  c o a l s  f o r  g a s i f i c a t i o n  and/or  determining t h e  u t i l i z a t i o n  
processes  f o r  which they a r e  most s u i t a b l e .  
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Table  1 

Chemical Analyses of Coals 

Coal I d e n t i f i c a t i o n  Chemical Analys is  ( i n  weight pe rcen t )  

(dry) (daf )*  "Itimate Code No. Or ig in  o r  ASTM Rank Proximate 
Source Area Range Analysis+ Analysis** (dry)  Waf)*  

L i g n i t e  Seam; 
PSOC-140 Darco Mine, Lig- 

Texas n i t e  

Lower L i g n i t e  
PSOC-90 Seam; Savage Lig- 

Mine, Montana n i t e  

Coteau Seam; 
psoc-246 Glen Harold Lig- 

Mine, North n i t e  
Dakota 

V o l a t i l e  Ma t t e r  46.0 50.4 
Fixed Carbon 45.3 49.6 
Ash 8.7 - 

V o l a t i l e  Mat te r  39.9 43.5 
Fixed Carbon 51.7 56.5 
Ash 8 .4  - 

V o l a t i l e  Ma t t e r  43.7 47.5 
Fixed Carbon 48.3 52.5 
Ash 8.0 - 

C 
H 
N 
S 
0 
Ash 

C 
H 
N 
S 
0 
Ash 

C 
H 
N 
S 
0 
Ash 

65.0 
4 .7  
1.1 
0.7 

1 9 . 1  
9.4 

64.8 
4.4 
0 . 7  
0 . 3  

20.3 
9 .5  

64.1 
4 .4  
1 . 4  
0.6 

19 .8  
9.7 

7 1 . 7  
5.2 
1 . 3  
0 .7  

21.1 
- 

7 1 . 6  
4 .9  
0.8 
0.3 

22.4 
- 

71.0 
4.9 
1 . 6  
0 .6  

21.9 
- 

* daf = dry-ash-free;  ** Data obta ined  from t h e  Penn S t a t e  Un ive r s i ty  Coal Data Base; 
+ Proximate a n a l y s i s  f o r  s i z e  graded m a t e r i a l s  (200x325 mesh f o r  PSOC-140, 200x270 
mesh f o r  PSOC-90 and PSOC-246). 

Table  2 

Reac t ion  Ra te  Cons tan ts  f o r  P y r o l y s i s  of  Coal 

PSOC-140 PSOC-90 PSOC-246 
Constant 200x325 mesh 200x270 mesh 2cOx270 mesh 

x = 50 pm* x = 58 urn* x = 64 Urn* 

Tf (OC) 770 808 8 08 

Q 1 . 9  2.1 1 .8  

k Csec-') 3.1 2.2 2.6 

* = mean p a r t i c l e  s i z e  by weight 
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