
PROPERTIES OF M I L D  GASIFICATION CHARS: A COMPARISON 
OF P I L O T  PLANT- AN0 LABORATORY-PREPARE0 SAMPLES 

J. A. DeBarr, M. Rostam-Abadi, R. D. Harvey and C. W .  Kruse, 
I l l i n o i s  S t a t e  Geo log ica l  Survey, Champaign, I L  

Keywords: m i l d  g a s i f i c a t i o n ,  p y r o l y s i s ,  coa l  - c h a r  b l e n d  

INTRODUCTION 

M i l d  g a s i f i c a t i o n  (MG) of h i g h  v o l a t i l e  b i tuminous  c o a l  t o  produce h i g h  q u a l i t y  l i q u i d ,  
s o l i d  and gaseous p r o d u c t s  has been a major  c o a l  research  a c t i v i t y  a t  t h e  I l l i n o i s  
S t a t e  Geo log ica l  Survey (ISGS) s i n c e  1966. Three m a j o r  f o c i  o f  t h e  program have been 
t o  1) e v a l u a t e  c o n d i t i o n s  f o r  p roduc ing  t h e  h i g h e s t  q u a l i t y  l i q u i d s ;  2) c h a r a c t e r i z e  
t h e  char; and 3) deve lop  a market f o r  char.  The f e a s i b i l i t y  o f  u s i n g  MG chars,  a lone 
o r  as a c o a l - c h a r  blend, i n  t y p i c a l  i n d u s t r i a l  p u l v e r i z e d - c o a l  b o i l e r s  has been 
examined as one avenue f o r  c h a r  use. I n  the  ISGS s t u d i e s ,  MG c h a r s  o f  v a r i o u s  v o l a t i l e  
m a t t e r  (VM) c o n t e n t  have been prepared b o t h  i n  l a b o r a t o r y  and p i l o t  p l a n t  f a c i l i t i e s .  
I n  t h i s  paper, t h e  e f f e c t  o f  c h a r  p r e p a r a t i o n  c o n d i t i o n s  on t h e  p h y s i c a l  and chemical 
p r o p e r t i e s  o f  MG chars  i s  discussed. 

EXPERIMENTAL 

P i l o t  p l a n t - p r e p a r e d  samples - Chars were prepared f rom sample number 3 o f  t h e  I l l i n o i s  
Basin Coal Sample Program (IBC-103) ( 1 ) .  T h i s  sample i s  a mine-washed c o a l  ( rank HvBb) 
and c o n s i s t s  o f  a b l e n d  o f  80% H e r r i n  (No. 6) and 20% S p r i n g f i e l d  (No. 5) c o a l s .  The 
chars were produced i n  t h e  M i l d  G a s i f i c a t i o n  U n i t  a t  The U n i t e d  Company ( f o r m e r l y  
Un i ted  Coal Company Research C o r p o r a t i o n )  i n  B r i s t o l ,  V i r g i n i a  (2). The chars were 
prepared by h e a t i n g  t h e  c o a l  ( ~ 2 0 0 0  pin) under a s l i g h t  vacuum i n  an 8 - i n c h  i.d., 8 - f o o t  
f i xed-bed r e a c t o r .  The r e a c t o r  was l o c a t e d  i n s i d e  a n a t u r a l  g a s - f i r e d  fu rnace 
main ta ined a t  760°C d u r i n g  t h e  p r o d u c t i o n  runs. Three p a r t i a l l y  d e v o l a t i l i z e d  (PD) 
samples ( h e r e i n  r e f e r r e d  t o  as PD chars) des ignated  as PD-1, PD-2 and PD-3 were 
prepared u s i n g  res idence t i m e s  o f  1.70, 2.90 and 3.17 hours .  F o r  each sample, 38-53, 
53-75, 75-105, 105-150 and 150-212 p m  p a r t i c l e  s i z e  f r a c t i o n s  were prepared.  F u r t h e r  
d e t a i l s  o f  sample p r e p a r a t i o n  a r e  g i v e n  elsewhere (3 ) .  A l l  samples were s t o r e d  under 
n i t r o g e n  p r i o r  t o  use. 

Labora tory -prepared samples - Chars were d e r i v e d  f rom sample number 1 o f  t h e  I l l i n o i s  
Basin Coal Sample Program (I6C-101).  T h i s  sample was o b t a i n e d  f rom t h e  H e r r i n  
( I l l i n o i s  No. 6, HvCb) seam and was a mine-washed c o a l .  Three PD c o a l s  ( h e r e i n  
r e f e r r e d  t o  as PD-89 chars )  were prepared from 150-600 pm IBC-101 c o a l  i n  a 2 - i n c h  i .d. 
batch f l u i d i z e d - b e d  r e a c t o r  system. A m u l t i - s t e p  h e a t i n g  procedure  was used t o  
min imize  agg lomera t ion  o f  coa l  p a r t i c l e s  i n  t h e  r e a c t o r .  The f i n a l  temperature and 
f i n a l  soak t i m e  were a d j u s t e d  t o  produce t h e  d e s i r e d  l e v e l  o f  VM i n  t h e  char.  F i n a l  
temperatures and soak t imes f o r  l a b o r a t o r y  chars  were 475OC, 10 mins f o r  t h e  h i g h -  
v o l a t i l e  char  (PD-1-69); 505"C, 30 mins f o r  t h e  m e d i u m - v o l a t i l e  c h a r  (PD-2-89); and 
600°C, 60 mins f o r  t h e  low v o l a t i l e  c h a r  (PD-3-89).' A l l  samples were ground and s ieved 
i n  a s t e p  w i s e  manner t o  p repare  38-53, 53-75 and 105-150 pm s i z e  f r a c t i o n s .  Other  
d e t a i l s  o f  sample p r e p a r a t i o n  a r e  g i v e n  elsewhere ( 4 ) .  

D e v o l a t i l i z a t i o n  behav io rs  o f  t h e  coa l  and chars  were de termined u s i n g  a 
t h e r m g r a v i m e t r i c  a n a l y z e r  (TGA). Each sample was heated  i n  f l o w i n g  n i t r o g e n  (200 
c d m i n )  t o  900°C a t  a c o n s t a n t  h e a t i n g  r a t e  o f  ZO"C/min. The w e i g h t  o f  sample 
remaining, t h e  r a t e  o f  w e i g h t  l o s s  and t h e  gas tempera ture  i n  t h e  v i c i n i t y  o f  t h e  
sample were m o n i t o r e d  by a computer as a f u n c t i o n  o f  t ime.  The prox imate  and u l t i m a t e  
analyses and t o t a l  s u l f u r  c o n t e n t s  o f  t h e  samples were measured u s i n g  LECO MAC 400, CHN 
600, and SC32 a n a l y z e r s .  I n t e r n a l  surface areas of  t h e  samples were ob ta ined from 
n i t r o g e n  and carbon d i o x i d e  a b s o r p t i o n  a t  -196" and -77"C, r e s p e c t i v e l y .  Ash 
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compos i t ion  and ash f u s i o n  tempera tures  o f  t h e  samples were de termined accord ing  t o  
method ASTM D1857. 

R e a c t i v i t i e s  o f  chars  were measured i n  a i r  u s i n g  t h e  TGA system. A sample mass o f  2-4 
mg was heated a t  50"C/min under  n i t r o g e n  f l o w  (200 cc/min) t o  between 400 and 480°C 
f o r  these exper iments .  A m o d i f i e d  TGA q u a r t z  fu rnace tube was used t o  a l l o w  the  
r e a c t a n t  gas (200 cc/min) t o  e n t e r  t h e  q u a r t z  r e a c t o r  t u b e  d i r e c t l y  (3).  The o b j e c t i v e  
was t o  achieve, as q u i c k l y  as p o s s i b l e ,  a u n i f o r m  c o n c e n t r a t i o n  when t h e  r e a c t a n t  gas 
was i n t r o d u c e d  i n t o  t h e  f u r n a c e  t u b e  t o  o b t a i n  r e l i a b l e  r a t e  d a t a  i n  t h e  i n i t i a l  stage 
o f  r e a c t i o n .  The p e r c e n t  w e i g h t  o f  t h e  c h a r  remain ing ,  t h e  r a t e  o f  w e i g h t  l o s s  and gas 
temperature i n  t h e  v i c i n i t y  o f  t h e  sample were mon i to red .  

RESULTS AND DISCUSSION 

The r e s u l t s  o f  t h e  prox imate  and u l t i m a t e  ana lyses  f o r  105-150 p m  IBC-101, IBC-103, 
PD chars and PD-89 c h a r s  a r e  g i v e n  i n  t a b l e  1. The VM c o n t e n t s  ( d r y  b a s i s )  o f  p i l o t  
p l a n t  c h a r s  were 22.1% (PD-1), 14.1% (PO-2) and 10.3% (PD-3). The l a b o r a t o r y  chars  had 
VM conten ts  ( d r y  b a s i s )  o f  18.5% (PD-1-89), 15.4% (PD-2-89) and 9.8% (PD-3-89). Coal 
I8C-101 has a h i g h e r  VM and s u l f u r  con ten t ,  and lower  carbon conten t ,  than IBC-103. 
The l a b o r a t o r y  chars  had p r o j e c t e d  SO, emiss ions  27% l e s s  t h a n  IBC-101 w h i l e  p i l o t  
p l a n t  chars  had p r o j e c t e d  SO, emiss ions  14% l e s s  than IBC-103 c o a l .  The d i f f e r e n c e s  
i n  p r o j e c t e d  emiss ions  c o u l d  be t h a t  o n l y  h a l f  t h e  s u l f u r  p r e s e n t  i n  IBC-103 i s  o r g a n i c  
s u l f u r ,  w h i l e  n e a r l y  75% o f  t h e  s u l f u r  i n  IBC-101 i s  p r e s e n t  i n  t h e  o r g a n i c  form. I t 
has been shown t h a t  a t  p y r o l y s i s  tempera tures  below 600°C. o r g a n i c  s u l f u r  i s  more 
e a s i l y  removed than p y r i t i c  s u l f u r  ( 5 ) .  

The TGA d e v o l a t i l i z a t i o n  p r o f i l e s  o f  105-150pm IBC-103 and p i l o t  p l a n t  chars  a re  shown 
i n  f i g u r e  1. The d e v o l a t i l i z a t i o n  process  f o r  c o a l  can be d i v i d e d  i n t o  t h r e e  stages: 
stage I, below 380°C, t h e  l o s s  o f  " f r e e "  m o i s t u r e  and t h e  r e l e a s e  o f  t rapped gases and 
low molecu la r  we igh t  m a t e r i a l s ;  s tage 11, 380°C t o  550°C, t h e  r e l e a s e  o f  ma jor  amounts 
o f  t a r  and gas; and s t a g e  111, t h e  thermal decompos i t ion  and/or r e a c t i o n s  o f  p y r i t e  
i m p u r i t i e s  i n  t h e  c o a l  and secondary p y r o l y s i s  o f  t h e  c h a r  (6).  

D e v o l a t i l i z a t i o n  p r o f i l e s  o b t a i n e d  f o r  p i l o t  p l a n t  chars ( f i g u r e  1)  e x h i b i t  we igh t  l o s s  
i n  the t h r e e  stages descr ibed f o r  t h e  c o a l .  The we igh t  l o s s  (about  2.2%) i n  s tage I 
cou ld  have been due t o  o i l  and t a r s  t h a t  were t rapped w i t h i n  t h e  p a r t i c l e s  d u r i n g  
p r e p a r a t i o n  o f  these chars .  TGA a n a l y s i s  t o  de termine b o i l i n g  p o i n t  curves  f o r  c o a l  
o i l  and t a r s  have i n d i c a t e d  t h a t  these m a t e r i a l s  d e v o l a t i l i z e  below 400°C ( 7 ) .  Weight 
losses f o r  s tage I 1  were about 14% f o r  PD-1, 7.5% f o r  PD-2, and 5% f o r  PD-3. T h i s  
s tage of  r e a c t i o n  shou ld  be absent  f o r  chars  t h a t  have a l r e a d y  been processed a t  
temperatures above 550°C. The we igh t  l o s s  f o r  IBC-103 c o a l  was about 25% between 380 
and 550°C. The f a c t  t h a t  p i l o t  p l a n t  chars  l o s e  we igh t  i n  s tage I 1  i n d i c a t e s  v a r y i n g  
amounts o f  " c o a l - l i k e ' '  m a t e r i a l  remain ing  i n  these chars.  D e v o l a t i l i z a t i o n  da ta  f o r  
a 15% VM c o a l - c h a r  b l e n d  prepared by m i x i n g  a c h a r  made i n  a mic roba lance r e a c t o r  a t  
800°C w i t h  IBC-103 a r e  shown i n  f i g u r e  1. It i s  seen t h a t  between 35O-55O0C, t h e  
shape of  t h e  we igh t  l o s s  c u r v e  f o r  t h e  c o a l - c h a r  b l e n d  i s  s i m i l a r  t o  t h a t  o f  PD-2; 
c o n f i r m i n g  t h e  n o t i o n  t h a t  t h e  p i l o t  p l a n t  chars  c o n t a i n  c o a l - l i k e  m a t e r i a l .  

Because t h e  p i l o t  p l a n t  r e a c t o r  was heated e x t e r n a l l y ,  i t  i s  expected t h a t ,  due t o  h e a t  
t r a n s f e r  l i m i t a t i o n s ,  coa l  p a r t i c l e s  i n  t h e  c e n t e r  o f  t h e  8 - i n c h  r e a c t o r  were s u b j e c t e d  
t o  temperatures lower  t h a n  t h o s e  n e a r  t h e  w a l l  o f  t h e  r e a c t o r .  Uns teady-s ta te  one- 
dimensional  h e a t  t r a n s f e r  c a l c u l a t i o n s  r e v e a l e d  t h a t  t h e  tempera ture  near  t h e  c e n t e r  
o f  the  r e a c t o r  was l e s s  t h a n  400°C. tempera tures  a t  wh ich  t h e  r a t e  o f  p y r o l y s i s  i s  
apprec iab le ,  even a f t e r  3 hours.  T h i s  i m p l i e s  t h a t  t h e r e  was a r a d i a l  tempera ture  
p r o f i l e  a t  l e a s t  w i t h i n  a p o r t i o n  o f  t h e  r e a c t o r .  As a r e s u l t ,  c o a l  p a r t i c l e s  were 
sub jec ted  t o  v a r i o u s  thermal h i s t o r i e s  p roduc ing  m i x t u r e s  of  h i g h l y  d e v o l a t i l i z e d  c o a l  
and "raw" c o a l .  
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The we igh t  percent  of  c o a l - l i k e  m a t e r i a l  i n  each c h a r  was c a l c u l a t e d  u s i n g  the  
r e 1  a t  i o n s h i  p g i v e n  b e l  ow. 

Wpu/(Wm + FCpu) 
P =  x 100% 

W,/(W, + FC,) 

where: = percent  we igh t  l o s s  i n  s tage I 1  f o r  c o a l ;  W,, = p e r c e n t  we igh t  l o s s  i n  
s tage I 1  f o r  chars;  FC, = p e r c e n t  f i x e d  carbon ( d r y - a s h - f r e e  b a s i s )  i n  c o a l ;  and FC,, 
= percent  f i x e d  carbon (d ry -ash- f ree  b a s i s )  i n  chars .  The v a l u e s  o f  FC, and FC,, were 
ob ta ined from t a b l e  1. A v a l u e  o f  25.6% was used f o r  W, (see f i g u r e  1) .  These 
c a l c u l a t i o n s  show t h a t  f o r  105-150 pm chars,  t h e  amount o f  c o a l  -1 i ke m a t e r i a l  p resent  
i n  PD-1, PD-2 and PD-3 was 49%, 24% and 14%, r e s p e c t i v e l y .  

The d e v o l a t i l i z a t i o n  p r o f i l e s  of  105-150 pm IBC-101 c o a l  and l a b o r a t o r y  c h a r s  a r e  shown 
i n  f i g u r e  2. Coal IBC-101 e x h i b i t s  a v o l a t i l e  r e l e a s e  p r o f i l e  s i m i l a r  t o  t h a t  o f  I B C -  
103. The we igh t  l o s s  below 150°C amounted t o  6.5% f o r  IBC-101, and l e s s  than 1.0% f o r  
t h e  l a b o r a t o r y  chars.  The w e i g h t  l o s s  between 150 and 380°C was about 2% f o r  t h e  coa l ,  
and l e s s  than 1% f o r  t h e  l a b o r a t o r y  chars.  F o r  these chars  a n o t i c e a b l e  we igh t  l o s s  
beg ins  about 460°C f o r  PO-1-89, 520°C f o r  PD-2-89 and 615°C f o r  PD-3-89. These 
temperatures a r e  c o n s i s t e n t  w i t h  t h e  maximum heat  t r e a t m e n t  tempera tures  used d u r i n g  
l a b o r a t o r y  char  p r e p a r a t i o n .  T h i s  i n d i c a t e s  t h a t  l a b o r a t o r y  c h a r s  were homogeneous and 
n o t  m i x t u r e s  o f  h i g h l y  d e v o l a t i l i z e d  c o a l  and raw c o a l .  

I n t e r n a l  sur face  areas f o r  53-75 pin samples a r e  presented  i n  t a b l e  2. The two c o a l s  
have comparable CO, s u r f a c e  areas, b u t  IBC-101 had a s u b s t a n t i a l l y  h i g h e r  N, s u r f a c e  
area  than IBC-103. The CO, s u r f a c e  areas f o r  t h e  c o a l s  ranged f r o m  216 t o  239 m2/g and 
were t y p i c a l  of HvC b i tuminous  c o a l s .  Chars had lower  N,-BET s u r f a c e  areas than t h e i r  
p a r e n t  coa l ,  i n d i c a t i n g  perhaps t h a t  t h e  incomple te  removal o f  v o l a t i l e  m a t t e r  r e s u l t e d  
i n  p a r t i a l  p l u g g i n g  o f  a l a r g e  f r a c t i o n  o f  t h e  pores i n  t h e  c o a l  t h a t  were p r e v i o u s l y  
a c c e s s i b l e  t o  N, a t  -196°C. The e x t e n t  o f  d e v o l a t i l i z a t i o n  had l i t t l e  i n f l u e n c e  on 
development o f  CO, s u r f a c e  area .  The p i l o t  p l a n t  chars  had l o w e r  CO, s u r f a c e  areas than 
IBC-103, whereas t h e  l a b o r a t o r y  chars  had h i g h e r  CO, s u r f a c e  areas  t h a n  IBC-101. The 
l a b o r a t o r y  chars  (PD-3-89) had about t w i c e  t h e  s u r f a c e  area  o f  t h e  p i l o t  p l a n t  chars  
(PD-3). It has been found p r e v i o u s l y  t h a t  chars  p repared f rom IBC-101 and IBC-103 
under i d e n t i c a l  c o n d i t i o n s  i n  l a b o r a t o r y - s c a l e  r e a c t o r s  had i d e n t i c a l  sur face  areas 
(5 ) .  T h i s  suggests t h a t  d i f f e r e n t  c h a r  p r e p a r a t i o n  c o n d i t i o n s ,  n o t  d i f f e r e n t  p a r e n t  
coa ls ,  a r e  r e s p o n s i b l e  f o r  d i f f e r e n c e s  i n  s u r f a c e  areas o f  t h e  chars .  Dur ing  
l a b o r a t o r y  c h a r  p r e p a r a t i o n ,  s p e c i a l  p r e c a u t i o n s  were taken t o  min imize  agglomerat ion 
o f  IBC-101, w h i l e  no such p r e c a u t i o n s  were used f o r  p i l o t  p l a n t  c h a r  p r o d u c t i o n  u s i n g  
IBC-103. T h i s  c o u l d  e x p l a i n  t h e  d i f f e r e n c e s  i n  t h e  s u r f a c e  areas o f  t h e  chars,  b u t  
w i t h o u t  f u r t h e r  s tudy ,  no d e f i n i t e  conc lus ions  can be i n f e r r e d .  

Apparent r a t e s  [R = (l/m).dm/dt; m = mass ( a s h - f r e e )  o f  sample] f rom TGA r e a c t i v i t y  
t e s t s ,  c a l c u l a t e d  a t  50% b u r n - o f f ,  i n d i c a t e  v i r t u a l l y  no dependence on p a r t i c l e  s i z e  
i n  t h e  tempera ture  range used f o r  o x i d a t i o n  s t u d i e s  (400-480°C) (2,3). T h i s  suggests 
t h a t  o x i d a t i o n  r a t e s  were s u f f i c i e n t l y  low such t h a t  p o r e  d i f f u s i o n  had no r a t e -  
l i m i t i n g  e f f e c t  and t h e  r e a c t i o n  proceeded under k i n e t i c a l l y  c o n t r o l l e d  c o n d i t i o n s .  

Ar rhen ius  p l o t s  (apparent  r a t e s  vs 1/T) f o r  PD-3 and PD-3-89 c h a r s  a r e  presented i n  
f i g u r e  3. The a c t i v a t i o n  energ ies  c a l c u l a t e d  a r e  a p p r o x i m a t e l y  33 kcal /mol f o r  b o t h  
chars.  Labora tory  chars  a r e  about an o r d e r  of  magnitude more r e a c t i v e  t h a n  p i l o t  p l a n t  
chars.  A comparison o f  r e a c t i v i t i e s  o f  these chars,  w i t h  those r e p o r t e d  p r e v i o u s l y  f o r  
chars  p repared from I l l i n o i s  No. 6 coa l  (3,8,9), i s  a l s o  shown i n  f i g u r e  3. The 
r e a c t i v i t y  of  PD-3-89 ( l a b o r a t o r y - p r e p a r e d  c h a r )  i s  comparable w i t h  those o f  chars  
prepared i n  s i m i l a r  l a b o r a t o r y - s c a l e  r e a c t o r s  (3 ,8 ) .  A 15% VM c h a r  p repared i n  t h e  TGA 
from IBC-103 ( t h e  same coa l  used t o  p repare  PD-3) e x h i b i t e d  s i m i l a r  r e a c t i v i t y  t o  t h a t  
o f  PD-3-89. PD-3 has r e a c t i v i t y  comparable t o  t h e  r e a c t i v i t y  wh ich  has been r e p o r t e d  

W, 
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f o r  a p i l o t - s c a l e  cha r  (9). These r e s u l t s  c o n f i r m  t h a t  c h a r  p r e p a r a t i o n  c o n d i t i o n s  and 
r e a c t o r  s i z e  and t ype  i n f l u e n c e  t h e  r e a c t i v i t y  o f  t h e  r e s u l t a n t  cha r .  

Ash composi t ion and ash f u s i o n  tempera tu re  data were used t o  c a l c u l a t e  a number o f  
e m p i r i c a l  parameters (10) .  The r e s u l t s  o f  these t e s t s  and o t h e r  ash c h a r a c t e r i z a t i o n  
da ta  f o r  IBC-101, IBC-103, PD-3 and PO-3-89 a r e  compi led i n  t a b l e  3. The two coa ls  
e x h i b i t  d i f f e r e n c e s  i n  ash compos i t i on  which can a f f e c t  t h e  e m p i r i c a l  parameters 
der ived.  Coal IBC-101 has a h i g h e r  c o n c e n t r a t i o n  o f  CaD, Na,O and SO,, and a lower  
c o n c e n t r a t i o n  of  A1,0, t h a n  IBC-103. The h i g h e r  Na,O con ten t  t r a n s l a t e s  i n t o  a 
s i g n i f i c a n t l y  h i g h e r  f o u l i n g  i n d e x  f o r  IBC-101 ( h i g h  f o u l i n g  t ype )  than IBC-103 ( low 
f o u l i n g  t y p e )  (10) .  The s l a g g i n g  i n d e x  (10) f o r  IBC-101 i s  s i g n i f i c a n t l y  h i g h e r  than 
t h a t  o f  IBC-103 due t o  t h e  h i g h e r  s u l f u r  c o n t e n t  o f  IBC-101. Bo th  coa ls ,  however, f a l l  
i n  the range c o n s i s t e n t  w i t h  medium-slagging coa ls .  

A d i r e c t  comparison of  t h e  ash p r o p e r t i e s  o f  PD-3 and PO-3-89 i s  n o t  a p p r o p r i a t e  s ince  
t h e  ash p r o p e r t i e s  o f  t h e  pa ren t  c o a l s  a r e  d i f f e r e n t .  However, t h e  ash composi t ion and 
ash c h a r a c t e r i s t i c  va lues f o r  PD-3 and PD-3-89 a r e  n e a r l y  i d e n t i c a l  t o  those  o f  t h e i r  
parent  c o a l s .  MG processes d i d  n o t  s i g n i f i c a n t l y  a l t e r  t h e  compos i t i on  o f  t h e  ash, and 
t h e r e  i s  no ev idence t h a t  cha rs  have d i f f e r e n t  s l a g g i n g  o f  f o u l i n g  i n d i c e s  than those 
o f  t h e i r  pa ren t  coa ls .  

SUMMARY AND CONCLUSIONS 

Chars w i t h  about 10, 15 and 20 p e r c e n t  VM were prepared f r o m  I l l i n o i s  coa ls  under m i l d  
g a s i f i c a t i o n  c o n d i t i o n s  b o t h  i n  p i l o t -  and l a b o r a t o r y - s c a l e  r e a c t o r s .  The method o f  
cha r  p r e p a r a t i o n  i n f l u e n c e d  t h e  p h y s i c a l  and chemical p r o p e r t i e s  o f  t h e  cha rs .  P i l o t -  
sca le cha rs  were m i x t u r e s  o f  h i g h l y  d e v o l a t i l i z e d  coa l  and r e l a t i v e l y  unreacted coa l ,  
and had d e v o l a t i l i z a t i o n  c h a r a c t e r i s t i c s  s i m i l a r  t o  a b lend  prepared by m ix ing  t h e  
pa ren t  coa l  and cha r .  P i l o t - s c a l e  cha rs  were an o r d e r  o f  magnitude l e s s  r e a c t i v e  than  
l a b o r a t o r y - s c a l e  chars.  Measured CO, s u r f a c e  areas o f  1 abo ra to ry -sca le  chars were 
about two t imes g r e a t e r  t han  t h o s e  o f  p i l o t - s c a l e  cha rs .  MG processes d i d  n o t  
s i g n i f i c a n t l y  a l t e r  t h e  compos i t i on  o f  t h e  ash, and t h e r e  was no ev idence t h a t  cha rs  
have d i f f e r e n t  s l a g g i n g  o f  f o u l i n g  i n d i c e s  than  t h e i r  pa ren t  c o a l s .  

ACKNOWLEDGEMENTS 

Th is  work has been sponsored by t h e  I l l i n o i s  Department o f  Energy and N a t u r a l  Resources 
through i t s  Coal Development Board and Center  f o r  Research on S u l f u r  i n  Coal .  

REFERENCES 

1. 
2. 

3. 

4. 

5. 

6. 

7. 

8. 
9. 

10. 

Harvey, R. D. and C. W .  Kruse. 1988. J.  Coal Qual., 7(4) ,  pp. 109-112. 
Rostam-Abadi, M., J. A. DeBarr, C. W .  Kruse. 0. L. Moran, R. D. Harvey and R. 
R .  Fros t ,  1987. F i n a l  Techn ica l  Report,  CRSC, Champaign, I L .  
Rostam-Abadi, M., J. A. DeBarr and W .  T. Chen, 1988. "Combustion C h a r a c t e r i s t i c s  
o f  Coa l -de r i ved  S o l i d  Fue ls " .  F i n a l  Technica l  Repor t ,  CRSC, Champaign, I L .  
Rostam-Abadi, M., J. A. DeBarr, R. D. Harvey, S. A. Benson, D. P. McCol lor ,  1989. 
" R e a c t i v i t y  and Combustion P r o p e r t i e s  o f  Coa l -de r i ved  S o l i d  Fue ls " .  F i n a l  
Technica l  Report,  CRSC, Champaign, I L .  
Hack ley,  K .  C., R .  R .  F r o s t ,  C-L. L i u ,  S.J. Hawk and D. 0. Coleman, 1990. 
I l l i n o i s  S t a t e  Geol. Survey C i r c .  #545. 
Rostam-Abadi, M. and C.  W .  Kruse, 1983. Proc.  o f  t h e  1 2 t h  Annual N o r t h  Amer. 
Thermal A n a l y s i s  S o c i e t y  Conf., paper #175. 
Kruse, C. W . ,  A .  D. W i l l i a m s  and F. D. Guf fey,  1989. F i n a l  Technica l  Repor t ,  
CRSC, Champaign, I L .  
Khan, M. R., 1987. 
Du t ta .  S .  and C. Y .  Wen, 1977. Ind .  Eng. Chem. Process Des. Dev., 16(1) ,  pp.31-37 
A t t i g ,  R.  C. and A .  F. Duzy, 1969. 

Fuel ,  66 (12 ) ,  pp. 1626-1634. 

Proc. Amer. Power Conf., 31, pg. 290-300. 

406 



C . .  
u C 

I < 
! 

L 

c + 
f 
+ 
r 

‘r I 

a 

E 

> C 

n 

a 
r 

L n. r 

c 

C 

c 
C 

C 

F C 

c 

0 
0: 

P 

C 

0 

c. 
C 

0 - 
C 

- 
c 
I L 
- 
E 

m o  . .  
2 2  

? ” !  
U U  3 h  

3 L D  

N h  N U 3  

. .  

h m  

a *  m m  
. .  

“ 9 ‘ 9  
m w  

h 

7 %  
m 3  - h  

m u  . .  
2 g  

o u  . .  
2 s  

L W 

u m m ~ m u  
? ? ” ;  7 ” ; ” :  
4 0 3 N 3 3  co 3 

~ m h m m  
? ? “ 9 9 ” ‘ 9  
N h 4 3 N m  

h 3 

c VI 
4 

407 



Table 3. Ash c h a r a c t e r i z a t i o n  o f  c o a l s  and chars .  
Charac ter  IBC-101 PD-3-89 IBC-103 PD-3 
Ash ana lvses  (% o f  ash) 
Si02 

2OJ 

CaO 

MgO 

K2O 

Na,O 
T i  0, 

MnO 
S r O  

8aO 

p20, 

soj 

S i l i c a  r a t i o  

48.60 48.20 
17.49 17.36 
18.22 18.08 
4.89 4.76 
0.99 0.98 
2.22 2.22 
1.47 1.50 
0.89 0.90 
0.27 0.26 
0.05 0.06 
0.04 0.04 
0.04 0.04 
4.19 4.29 

68.85 66.93 

49.63 47.77 
22.13 21.82 
18.16 21.82 
1.59 1.58 
0.92 0.90 
2.44 2.35 
0.33 0.30 
1.30 1.20 
0.33 0.37 
0.02 0.03 
0.06 0.03 
0.06 0.05 
1.43 1.22 

70.6 69.0 
Base/acid 0.41 0.41 0.32 0.34 
Ash f u s i o n  temp.. O F ,  r e d u c i n q  

I n i  t i a1 d e f o r m a t i o n  2055 2115 2000 2050 
Sof ten ing  2140 2185 2160 2220 
Hemi spher ic  2225 2260 2310 2335 
F l u i d  2310 2330 2465 2460 
EmDir ica l  ash p r o p e r t i e s  

T m  O F  2425 2460 2490 2510 
T,,, " F  2584 2584 2305 2310 
S l a g  v i s c o s i t y  ( p o i s e  @2600"F) 105 106 175 140 
S1 agging 

index  1.75 1.20 0.71 0.61 
t ype  medium medium medium medium 

index 0.60 0.62 0.11 0.11 
t Y  Pe h i g h  h i g h  1 ow 1 ow 

F o u l i n g  
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