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U .  S .  Bureau of Mines ,  4800 Forbes  Avenue, 

P i t t s b u r g h ,  Pennsy lvan ia  15213 

INTRODUCTION 

An e f f i c i e n t  c o a l  g a s i f i c a t i o n  p rocess  o p e r a t i n g  a t  800' -1,000" C 
and a t  p r e s s u r e s  of 20-30 a tmospheres  i s  d e s i r a b l e  f o r  producing  a syn- 
t h e s i s  gas  which can  be used t o  make a high-Btu g a s .  A t  t h e s e  tempera- 
t u r e s  c o n s i d e r a b l e  methane i s  produced and less oxygen i s  consumed than  
a t  t h e  h i g h e r  t e m p e r a t u r e s  of 1,10O0-1,2OO0 C used g e n e r a l l y  i n  e n t r a i n e d  
g a s i f i c a t i o n  sys t ems .  A f l u i d i z e d  bed can  be  o p e r a t e d  a t  t h e  lower 
t empera tu re  w i t h  s u f f i c i e n t  r e s i d e n c e  t ime t o  o b t a i n  h igh  conve r s ion  of 
t h e  c o a l .  Because m o s t  of t h e  c o a l s  found i n  t h e  E a s t  and Midwest a r e  
c a k i n g ,  t h e y  must  be t r e a t e d  t o  d e s t r o y  t h e i r  c a k i n g  p r o p e r t i e s  b e f o r e  
t h e y  c a n  be  used  i n  a f l u i d i z e d  bed. The purpose  of t h e s e  t e s t s  was t o  
i n v e s t i g a t e  a n  i n t e g r a t e d  p r e t r e a t m e n t  and g a s i f i c a t i o n  sys tem whereby 
t h e  p r e t r e a t e d  coal would be p rocessed  i n  a f l u i d - b e d  g a s i f i e r  a t  con-  
d i t i o n s  t o  produce  a s y n t h e s i s  gas w i t h  h i g h  methane c o n t e n t .  

Two methods of p r e t r e a t i n g  c a k i n g  c o a l  i n  a f l u i d  bed t o  produce 
a f r e e - f l o w i n g  c h a r  have been developed--one a t  h i g h  tempe a t  re and 
one a t  l o w  t e m p e r a t u r e .  In t h e  h igh  t empera tu re  t r e a t m e n t  h,~ c o a l  
i s  f l u i d i z e d  i n  s t eam p l u s  a i r  o r  oxygen a t  430" C f o r  5-10 minu tes .  
The oxygen- to-coa l  r a t i o  is about  0 . 4  SCF p e r  pound. In t h e  low 
t empera tu re  t r e a t m e n t , l /  c o a l  i s  f l u i d i z e d  i n  a i r  a t  240' C f o r  30-40 
minu tes .  The oxygen- to -coa l  r a t i o  i s  abou t  2 . 4  SCF per  pound. 

EXPERIMENTAL PROCEDURE AND RESULTS 

Equipment and Method of Opera t ion  

B r i e f l y ,  t h e  t e c h n i q u e  used i n  t h e  expe r imen t s  w a s  t o  t e s t  t h e  
t r e a t e d  c o a l s  i n  t h e  g a s i f i e r  t o  f i n d  i f  t h e  c o a l s  were s u f f i c i e n t l y  
noncaking  t o  u s e  i n  t h e  g a s i f i e r .  I f  t h e  g a s i f i c a t i o n  were o p e r a b l e ,  
t h e n  t h e  p r e t r e a t e r  and g a s i f i e r  would be ope ra t ed  i n  series s t a r t i n g  
w i t h  a raw c o a l  f e e d .  When t h e  c o a l  was p r e t r e a t e d  u s i n g  s team p l u s  
oxygen, t h e  gas  from t h e  pretreater,  as w e l l  a s  t h e  p r e t r e a t e d  c o a l ,  
would be s e n t  t o  t h e  g a s i f i e r .  

The equipment  used is shown i n  f i g u r e  1. In t h e  u s u a l  method of 
o p e r a t i o n ,  raw P i t t sbu rgh- seam c o a l  from t h e  Bruceton mine (70 pe rcen t  
t h rough  200 mesh w i t h  c o a r s e r  t han  35 mesh removed) i s  fed  i n t o  a 
f lu id -bed  p r e t r e a t e r ,  1 inch  d i a m e t e r  by 30 inches  long ,  ope ra t ed  a t  
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e i t h e r  450" o r  260" C .  The f l u i d i z i n g  gas  i s  steam p l u s  a i r  ( o r  oxygen) 
The p roduc t s ,  g a s ,  t a r s ,  and t r e a t e d  c o a l ,  pas s  from t h e  t o p  o f  t h e  
p r e t r e a t e r  and f l o w  w i t h  a d d i t i o n a l  steam ( o r  steam p l u s  oxygen) i n t o  
t h e  f l u i d - b e d  g a s i f i e r  (3 inches  d i ame te r  by 30 inches  long ,  topped 
by a n  expanded s e c t i o n  6 inches  i n  d i ame te r  by 12 i n c h e s  long) .  The 
product  g a s  and c o a l  f i n e s  pass  t o  a cyc lone  and bag f i l t e r  t o  remove 
t h e  d u s t ,  t h e n  t h r o u g h  a condenser  and e l e c t r o s t a t i c  p r e c i p i t a t o r  t o  
remove wa te r  p l u s  t a r ,  and f i n a l l y  t o  a gas  m e t e r .  An i n l i n e  chromat- 
ograph a n a l y z e s  t h e  gas  f o r  s i x  components e v e r y  20 m i n u t e s .  An oxygen 
a n a l y z e r  c o n t i n u o u s l y  mon i to r s  t h e  p roduc t  g a s .  The r ange  of p rocess  
v a r i a b l e s ,  such  as gas  f l u i d i z i n g  v e l o c i t y  and c o a l - f e e d  r a t e ,  is 
l i m i t e d .  An i n c r e a s e  i n  t h e  c o a l  feed  r a t e  d e c r e a s e s  t h e  r e s i d e n c e  
t ime o f  t h e  c o a l  i n  bo th  t h e  p r e t r e a t e r  and g a s i f i e r .  The s u p e r f i c i a l  
gas  v e l o c i t y  f o r  m o s t  t e s t s  was abou t  0 .25  f o o t  per  second.  

T e s t s  w i th  P r e t r e a t e d  Coa l s  

The f i r s t  t e s t s  i n  t h e  g a s i f i e r  were made wi th  c o a l s  which were 
p r e t r e a t e d  i n  a s e p a r a t e  u n i t  so  t h e  f r e e - s w e l l i n g  i n d i c e s  (FSI)  and 
o t h e r  c o a l  p r o p e r t i e s  cou ld  be de t e rmined .  P i t t sbu rgh- seam c o a l  was , 

used i n  a l l  t e s t s .  The t es t s  were made w i t h  h igh  t empera tu re  t r e a t e d  
c o a l s  (HT) hav ing  i n d i c e s  of 2; 1, and noncaking ,  r e s p e c t i v e l y ,  and 
l o w  t empera tu re  t r e a t e d  c o a l s  (LT) w i t h  i n d i c e s  o f  1 - 1 / 2  and noncaking ,  
r e s p e c t i v e l y .  The g a s i f i e r  was o p e r a t e d  a t  2-1 /2  a tmospheres  and 

a n a l y s i s  of t h e  c o a l s  and t h e  method of p r e t r e a t m e n t .  
8710 c Ca-2 LSSY r - t  roL2 of 0.4 poi;nd p e r  h=.;r. T a b l e  1 chews t h e  

The main d i f f e r e n c e  between t h e  LT and HT c o a l s  i s  t h a t  t h e  l o s s  
o f  v o l a t i l e  m a t t e r  i s  g r e a t e r  i n  t h e  HT c o a l s  (35.6 p e r c e n t  i n  t h e  raw 
c o a l  and 26 .0  p e r c e n t  i n  HT-440), and t h e  oxygen c o n t e n t  i s  g r e a t e r  
i n  t h e  LT (8 .1  p e r c e n t  i n  t h e  raw c o a l  and 11.8 p e r c e n t  i n  LT-56). 
HT c o a l s  w i t h  a n  FSI of  2 and t h e  LT coals w i t h  a n  FSI  of 1 - 1 / 2  were 
caked i n  t h e  r e a c t o r ,  w h i l e  t h e  c o a l s  w i th  FSI  o f  1 o r  l e s s  were 
o p e r a b l e .  

The main d i f f e r e n c e  i n  g a s i f y i n g  LT and HT c o a l s  i s  t h a t  t h e  HT 
c o a l s  y i e l d  more gas and a r e  less l i k e l y  t o  agg lomera te  i n  t h e  g a s i -  
f i e r .  T e s t  6 1  made wi th  HT-2 c o a l  had a y i e l d  o f  22 SCF (CO2- and NE- 
f r e e )  per  pound compared t o  17  i n  t e s t s  58 w i t h  LT-56 c o a l .  The 
t empera tu re  was h e l d  c o n s t a n t  i n  bo th  t e s t s ,  but  1 / 2  SCFH of  oxygen 
had to  be f ed  t o  t h e  g a s i f i e r  i n  t es t  58 t o  p reven t  c a k i n g .  In t e s t s  
62 and 59,  oxygen w a s  f e d  t o  t h e  g a s i f i e r .  The HT-2 c o a l  y i e l d e d  23 
SCF per pound compared t o  22 f o r  LT-56, even  though t h e  LT c o a l  had 
g r e a t e r  ca rbon  c o n v e r s i o n .  The q u a l i t y  o f  t h e  product  gas  was about  
t h e  same in a l l  t h e  above t es t s .  (See Tab le  2 . )  



TABLE 1 . -  Analyses  of p r e t r e a t e d  c o a l s  used i n  t h e  g a s i f i e r  

Raw Raw 
~ o a  C o a l l l  

D-2 D - 1  HT-4OOL1 HT-44O2I HT-li' LT-55?' LT-56- 6 /  

Xol,titi  e 1 . 5  1.5 0 .5  0 . 8  0 . 8  0 . 9  0 . 9  
\ i O l a C l l ~  m a t t e r  36 .6  35 .6  30.4 2 6 . 0  22.7 3 4 . 0  31 .2  
Fixed carbon 53.2 56 .5  62 .2  67 .1  6 9 . 3  56 .2  57 .5  
A s h  8 .7  6 . 4  6 . 9  6 . 1  7 . 2  8 . 9  10.4 
Hydrogen 5 .1  5 .2  4 . 8  4 . 5  4 . 1  4 .7  4 . 2  
Carbon 7 5 . 2  7 7 . 4  7 7 . 8  7 8 . 8  78 .2  7 3 . 6  7 0 . 9  
Li t rogen  1 .5  1 . 5  1.4 1.5 1.7 1 . 5  1.4 
O\ygc n 8 . 1  8 . 4  8 .0  8 . 1  7 . 8  9 . 8  11.8 
S u l f u r  1 .4  1.1 1 . 1  1 .o 1.0 1 . 5  1.3 
FSI 8 8 2 1 NC L1 l& NC 71 

- I /  Brucfton c o a l ;  7 0  percen t  th rough 2 0 0  mesh wi th  c o a r s e r  than  35-mesh 

- 2 /  P r e t r e a t e d  a t  400' C;  O, . /coa l  r a t i o  = 0 . 4  SCF/lb.  Residence t ime i s  

- 3 1  P r e t r e a t e d  a t  440" C ;  O:./coal r a t i o  = 0 . 4  SCF/ lb .  Residence t ime i s  

- 4 /  P r e t r e a t e d  a t  440" C ;  0.  / c o a l  r a t i o  = l . l ' S C F / l b .  Residence t ime is 

- 5 1  P r e t r e a t e d  a t  240' C wi th  a i r ;  O , / c o n l  r a t i o  = 2.4 SCF/lb. 

- 61 Prc%treatc.d a t  250° C wi th  a i r ;  0.  / c o a l  r a t i o  = 2 .4  SCF/lb.  

- 7 /  Noncaking. 

removed. 

10 minu tes .  

30  minu tes .  

3 0  m i n u t e s .  

t ime i s  3 0  minu tes .  

time i.s 3 0  minu tes .  

, 

Residence  

Res idcnce  

P r e t r c n t e r  and G a s i f i e r  i n  S e r i e s  

In  t h c s v  t c s t s  t h e  p r e t r e a t e r  and g a s i f i e r  were ope ra t ed  i n  s e r i e s ;  
t i l { .  produc t s  from thc. r n w  c o a l  p r c t r e a t m e n t - - t h e  c h a r ,  t a r s ,  and g a s e s - -  
w r t ~  s c n t  d i r c c t  l y  t o  t h e  g a s i f i e r .  T h e  g a s i f i e r  ope ra t ed  s a t i s f a c t o r i l y  
wi th  n o  agglomcra t ion  of t h c  c o a l s .  T a b l e  2 shows a comparison of t he  
gas iC ic l i t i on  oC thc .  two types  of t r c a t e d  c o a l .  The c o a l s  p r e t r e a t e d  
a t  $50" C y i t . I d c d  more product  gas than those  t r e a t e d  a t  260" C .  When 
no osygL,n was Icd t o  thc. g n s i f i c r ,  tht ,  \IT c o a l  ( t c s t  3 6 )  y i c l l d e d  22 SCF 
o f  I { .  sCO+cII.: compnrctl t o  18 SCF pc'r pound  coal. ,  Erom t h e  LT c o a l  ( t e s t  6 0 ) .  

pound i n  t c s t  3 3  ~ompar i~c l  t o  19 f o r  t c , s t  h 3 .  
11 was f c d  t o  t h c  g a s i r i c r  tliC r e s u l t s  were s i m i l a r ;  21 SCF 'per 
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TABLE 2 . -  C o n d i t i o n s  of o p e r a t i o n  and r e s u l t s  of tes ts  u s i n g  p r e t r e a t e d  
c o a l s  i n  t h e  f l u i d - b e d  g a s i f i e r ;  p r e s s u r e  i s  2% a tmospheres  

T e s t  No. 

~ 

62 59 36 60 33 63 61 58 

R a w  
c o a l  

D - 1  

R a w  
c o a l  

D-2 

R a w  
c o a l  

D - 1  

Raw 
coa l  
D-2 

Coa 1 HT-2 LT-56 HT-2 LT-56 

I n p u t  
S t e a m ,  SCFH 14 
Oxygen, SCFH, p re -  

t r e a t e r  0 
Oxygen, SCFH, g a s i f i e r  0 
Ni t rogen ,  SCFH 9 
Coa l ,  I b / h r  0.38 

Pre t r e a  t e r  - 
G a s i f i e r ,  a v g  868 
G a s i f i e r ,  max 87 5 

Tempera ture ,  O C  

Oxygen/coal,  SCF/lb 0 
S team/coa l ,  SCF/lb 37 
Carbon conversion, p c t  5? 
Steam c o n v e r s i o n ,  p c t  
Product gas  11 SCF/lb c o a l  
Product g a s i 7  p c t  

22 

Hz 59 
CH4 3 
CO 20  
COZ 18 

/ 

1 7  15  15  

0 0  
0 . 5  2 . 5  

10  10 
0 .40  0.38 

15 15  13  14 

1 .o 
1.4  

10 
0.36 

0 
2 . 5  

10 
0.36 

1.0 
0 

10 
0.37 

1 .6  
0 

0.36 
10 

1.6 
1.1 1 
10 

0.36 

450 
860 
874 
2.7 
4 1  

20 
22 

';1 
> A  

26 1 
869 
877 
4 .5  

36 
54 

18 

450 
857 
873 
6.7 ' 

39 
68 
17 
2 1  

2 58 
863 
866 
7 .5  
47 
? 3  

19 ' 

871 872 
874 877 
1 . 3  6 .6  
38 4 1  
4 3  7 7  

1 7  23 

87 3 
878 
6 .3  
42 
83  

22 

55 45 
3 2 

22 2 5  
20 2 8  

44 
2 

26 
2 8  

55 
4 

22 
19  

48 
3 

24 
25  

45 
3 

29 
23 

42 
2 

24 
32 

- 1/ Ni t rogen-  and COz-free. 
- 2 /  N i t r o g e n - f r e e .  

These  t e s t s  show t h a t  p r e t r e a t m e n t  a t  450"-460' C w i th  l e s s  oxygen I 
is  s u p e r i o r  t o  p r e t r e a t m e n t  a t  250' C ,  n o t  o n l y  i n  i n c r e a s e d  gas pro -  
d u c t i o n ,  bu t  a l s o  because  t h e r e  i s  less l i k e l i h o o d  of t h e  c o a l  cak ing  i n  
t h e  g a s i f i e r .  
t r ea tmen t  because  of oxygen added t o  t h e  c o a l  d u r i n g  p r e t r e a t m e n t  as  shown 
i n  t a b l e  1 .  
t e s t s . l /  These  p r e s e n t  tes ts  a l s o  show more gas  is produced i n  t h e  2-Stage 
p rocess  w i t h  raw c o a l  f eed  than  i n  t h e  g a s i f i c a t i o n  of a c o a l  p r e t r e a t e d  
s e p a r a t e l y  c o n s i d e r i n g  t h e  15-20 p e r c e n t  l o s s  of c o a l  i n  p r e t r e a t m e n t .  

The re  i s  more COz made from t h e  c o a l s  w i t h  t h e  250'-260' c 

T h i s  e v o l u t i o n  of COP from t h e  LT c o a l  was a l s o  noted  i n  e a r l i e r  

1 

/'i 

I 



Table 3 shows some r e s u l t s  i n  t e s t s  where oxygen, c o a l ,  and steam 
rates were va r i ed  t o  g ive  a range of o p e r a b i l i t y .  A t  a cons t an t  coa l  feed 
rate,  an  inc rease  i n  t he  oxygen r a t e  from 2.4 t o  9 .1  SCF per pound c o a l  
increased  t h e  convers ion  from 46 t o  80 percent  and a l s o  t h e  product gas 
(H2+CH4+CO) y i e l d  from 19 t o  23 SCF per pound c o a l .  The hydrogen and 
methane y i e l d s  decreased .  Inc reas ing  t h e  steam from 26 t o  56 SCF per 
pound ( t e s t s  31 and 35) r e s u l t e d  in  only minor changes i n  carbon con- 
vers ion  and gas y i e l d .  The hydrogen content  of t h e  product gas i n -  
c reased  from 42 t o  48 pe rcen t .  An inc rease  in  the  c o a l  r a t e  from 0.36 
t o  0.91 pound per hour decreased t h e  carbon convers ion  from 68 t o  50 
percent  and  t he  gas y i e l d  from 21  t o  16 SCF per pound c o a l .  

TABLE 3 . -  The e f f e c t  of v a r i a b l e s  on t h e  g a s i f i c a t i o n  of Bruceton 
c o a l  us ing  t h e  p r e t r e a t e r  and g a s i f i e r  i n  s e r i e s ;  

p r e s s u r e  i s  2-1/2 atmospheres 

T e s t  No. 39 37 31 35 33 30 

Input  
Steam, SCFH 11 15 10 22 14 35 
Oxygen, SCFH, p r e t r e a t e r  1.0 1.0 1 .5  1 .0  1.0 1 .5  
Oxygen, SCFH, g a s i f i e r  0 2 . 2  0.9 1 .4  1.4 4.5 
Nitrogen, SCFH 8 10 1 2  10 10 12  
Coal ,  l b /h r  0.33 0.35 0.39 0.39 0.36 0.91 

P r e t r e a t e r  450 450 450 450 450 450 
G a s i f i e r ,  avg  860 865 867 858 857 858 
G a s i f i e r ,  max 874 876 875 875 873 871 

Oxygen/coal, SCF/lb 2.4 9.1 6.2 6 .1  6.7 6.6 
Steam/coal,  SCF/lb 32 43 26 56 39 38 
Carbon convers ion ,  pct 46 80  61 64 68 50 

Product g a s , l /  SCF/lb c o a l  19 23 19 21 2 1  16 
Product gas,?/ pc t  

H z  56 42 42 48 45 47 

co 21  29 30 24 29 30 
co2 19 27 26 25 23 20 1 

Temperature, "C 

Steam convers ion ,  p c t  20  13 11 11 17 10 

cn4 4 2 2 3 3 3 

- 1/ - 2 /  Nz- and HzO-free. 
N2-, H 2 0 ,  and Cos-free.  

I 
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The E f f e c t  of F’ressure 

The e f f e c t  of p r e s s u r e  on t h e  methane y i e l d  and on t h e  c a k i n g  
p r o p e r t y  of t h e  c o a l  t r e a t e d  a t  h igh  t empera tu re  was s t u d i e d  at 2-112,  
5 ,  and 8 a tmospheres  ( t a b l e  4 ) .  With an i n c r e a s e  i n  p r e s s u r e ,  however, 
t h e  gas f low of s t eam p lus  oxygen must be inc reased  t o  ma in ta in  t h e  same 
l i n e a r  v e l o c i t y  in  t h e  f l u i d - b e d .  To m a i n t a i n  t h e  d e s i r e d  r a t i o s  of 
oxygenlcoa l  and s t ea rn /coa l  t h e  c o a l  feed  must b e  i n c r e a s e d ,  bu t  wi th  a 
f ixed -bed  h e i g h t  t h e  r e s i d e n c e  t ime of t h e  c o a l  in t h e  p r e t r e a t e r  and 
g a s i f i e r  w i l l  d e c r e a s e .  A t  8 a tmospheres  p r e s s u r e  o p e r a t i o n  of t h e  
g a s i f i e r  w a s  d i f f i c u l t  because of coal agg lomera t ion  due t o  t h e  decreased  
r e s i d e n c e  t ime i n  t h e  pretreater. A t  0.4 pound per  hour  t h e  r e s i d e n c e  
t i m e  of t h e  c o a l  i n  t h e  p r e t r e a t e r  was abou t  40 minu tes ,  and at  1.25 pounds 
per hour abou t  13 minu tes ,  a p p a r e n t l y  t o o  s h o r t  a t i m e  f o r  p re t r ea tmen t  at 
t h e s e  o p e r a t i n g  c o n d i t i o n s .  When t h e  c o a l  r a t e  was dec reased  t o  about  
1 pound per  hour t h e  u n i t  ope ra t ed  s a t i s f a c t o r i l y ,  w i t h  no c o a l  agglomera- 
t i o n ,  bu t  t h e  ca rbon  conve r s ion  was low, i n d i c a t i n g  i n s u f f i c i e n t  r e s idence  
t i m e  o f  t h e  c o a l  i n  t h e  g a s i f i e r .  

TABLE 4 . -  E f f e c t  of p r e s s u r e  on g a s i f i c a t i o n  of Bruce ton  c o a l  u s i n g  
p r e t r e a t e r  and g a s i f i e r  i n  s e r i e s  

T e s t  No. 
P r e s s u r e ,  a t m  
Inpu t  

Steam, SCFH 
Oxygen, SCFH, p r e t r e a t e r  
Oxygen, SCFH, g a s i f i e r  
N i t rogen ,  SCFH 
C o a l ,  l b l h r  

Temperature  , ‘C 
Pre t r e a  ter  
G a s i f i e r ,  avg 
G a s i f i e r ,  max 

Oxygenlcoal,  SCF/lb 
S team/coa l ,  SCFIlb 
Carbon c o n v e r s i o n ,  pc t  
Steam c o n v e r s ’ o n ,  p c t  

P r o d u c t  g a s , q /  p c t  
Product gas,, 1) SCF/lb c o a l  

H P  
C h  
co 
COT 

39 
2.5 

11 
1.0 

0 
8 

0.33 

4 5 1  
860 
874 
2.4 

32 
46 
2 0  
19 

56 
4 

2 1  
19 

4 1  
2.5 

16 
2 . 0  
1 .o 

8 
0.37 

451 
855 
867 
8.1 

38 
66  
18  
18 

46 
3 

22 
2 9  

45 
5 

36 
1.6 

0 
11 

0.75 

455 
862 
873 
2.1 

52 
16 
20 

54 
5 

20 
21 

4a 

4 4  
5 

34 
1.6 
4.0 
11 

0.73 

456 
8 3 1  
874 
7.6 

46 
66  
13 
20  

4 6  
3 

2 3  
28  

46 
8 

65 
2 .2  
0 . 6  

8 
1.25 

456 
842 
869 
2.2 

52 
43 

16 

52 
8 

18  
22 

55 
8 

50 
2 . 0  
‘ 0  

22 
0.91 

453 
823 
869 
2.2 

55 
4 1  
14 
17 

58 
6 

13 
23 

54 
0 

42 
1.2 
5.2 

27 
0.97 

452 
864 
866 
7 .O 

43 
53 
0 
15 

45 
5 

20 

~ ~~~ ~~~ 

- 11 - 2 1  N2- and H2O-free. 
N 2 - ,  H 2 0 - ,  and C02-f ree .  
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The methane c o n t e n t  of t h e  p roduc t  gas i n c r e a s e d  from 4 p e r c e n t  
a t  2-1/2 atmospheres  ( t e s t  39)  ' t o  8 p e r c e n t  a t  8 a tmosphe res  ( t e s t  4 6 )  
when t h e r e  was no.oxygen fed t o  t h e  g a s i f i e r .  Less  amounts o f  methane 
a l ~ d  hydrogen were formed when oxygen was used i n  t h e  g a s i f i e r .  

There was a l s o  less  methane formed a t  8 atmospheres  when t h e  c o a l -  
feed r a t e  was ' dec reased  from 1.25 t o  1 . 0  pound p e r  hour .  A t  t h i s  lower 
r a t e  t h e  n i t r o g e n  r a t e  had t o  be r a i s e d  t o  m a i n t a i n  f l u i d i z a t i o n  s i n c e  
t h e  steam and oxygen r a t e s  a r e  f i x e d  by t h e  c o a l  f e e d .  
n i t r o g e n  d t ,c reased  t h e  p a r t i a l  p r e s s u r e  o f  t h e  r e a c t i n g  g a s e s .  T o  
o p e r a t e  a t  t h e  d e s i r e d  20  atmospheres  t o  produce t h e  maximum y i e l d  o f  
methane t h e  g a s i f i e r  h e i g h t  must be i n c r e a s e d  t o  i n c r e a s e  t h e  r e s i d e n c e  
t ime ,  o r  p o s s i b l y  t h e  product  gas  c o u l d  be r e c y c l e d  so  t h a t  t h e  c o a l  
r a t e  could  be dec reased .  A r e c y c l e  p robab ly  would n o t  be e f f e c t i v e  i f  
oxygen were b e i n g  fed  t o  t h e  g a s i f i e r  s i n c e  p r e s e n t  t e s t s  showed t h a t  oxygen 
would r e a c t  w i t h  gas  i n  p r e f e r e n c e  t o  t h e  c o a l .  

T h i s  . i n c r e a s e  i n  

Methane y i e l d s  i n  t h e s e  t e s t s  may be compared w i t h  y i e l d s  from t h e  
Lurg i  gas i f i c r ? /where  11 p e r c e n t  o f  methane i s  produced a t  a p r e s s u r e  of 
8 a tmosphe res ;  however,  t h e  ca rbon  conve r s ion  o f  t h e  brown c o a l  u sed  i n  
t h e  Lurg i  i s  much h i g h e r  t han  i n  o u r  t e s t s .  

The b e s t  coal-fec,d r a t e  f o r  t h i s  s i z e  g a s i f i e r  a t  2-1/2 atmospheres  
i s  abou t  0.G pound per h o u r .  The minimum oxygen r a t e  t o  t h e  p r e t r e a t e r  i s  
1.2 SCF per  pound of c o a l  f eed  when oxygen i s  fed  t o  t h e  g a s i f i e r  a l s o  but  
2 .0  SCF per pound w i t h  no oxygen t o  t h e  g a s i f i e r .  These f i g u r e s  compare 
wi th  o n l y  0 . 4  SCF oxygen pe r  pound needed i n  t h e  e a r l i e r  t e s t s? / to  p r e t r e a t  
t h e  same c o a l .  

Advantages of thL, 2-Stage P rocess  

The advan tagcs  o f  thc. p r e s e n t  p rocess  u s i n g  two f l u i d i z e d  beds i n  
. ; t .r i<:h a rc ' :  

1 .  Ra:.: c a k i n g  c o a l  can  be fc,d t o  t h i s  system w i t h o u t  d i f f i c u l t y .  
Coal  which tiad been d r a s t i c a l l y  p r c ~ t r c a t c ~ d  d i d  no t  agg lomera te  i n  t h e  
gas  i f i e r  . 

2 .  Y i x i i i X  t h i  t r c a t c d  c o a l  from t h e  p r e t r e a t e r  w i t h  a s h  i n  t h e  
g a s i f i e r  ri.ducc,d t h c  possibi1i :y  or  thc, c o a l  c a k i n g  i n  t h e  g a s j f i e r .  

3 .  F c ' ~ . d i t i g  t r c a t c d  c o a l  i n t o  thc, bottom of t h e  g a s i f i e r  w i t h  oxygen 
and s t~ 'nn1  a l s o  rcducc,d t h i  p o s s i b i l i t y  o f  t h c  c o a l  c a k i n g  i n  t h e  g n s i r i c r .  
T h i s  i s  shown i n  tlic t e s t s  whc'rc osygcn f c d  i n t o  t h e  g a s i f i c r  p rcven tcd  
agg lomera t ion  o i  t h c  c o a l  trt.atc,d a t  250' C i n  t h c  p r t : t r c a t c r .  



Disadvan tages  o f  t.he 2-Stape  P rocess  

The d i s a d v a n t a g e s  o f  t h e  2 - s t age  sys tem are :  

1. Two f l u i d  beds i n  series a r e  d i f f i c u l t  t o  o p e r a t e .  Any s u r g e  i n  
t h e  p r e t r e a t e r  th rows  u n t r e a t e d  c o a l  i n t o  t h e  g a s i f i e r .  

2 .  The c o a l ,  g a s e s ,  t a r s ,  and oxygen e n t e r i n g  a t  t h e  bottom of t h e  
g a s i f i e r ,  make t e m p e r a t u r e  c o n t r o l  d i f f i c u l t .  

I 

3 .  A t  l e a s t  1 .2  SCF oxygen pe r  pound c o a l  is needed f o r  p re t r ea tmen t .  
T h i s  is almost o n e - t h i r d  t h e  r equ i r emen t  f o r  g a s i f i c a t i o n  i n  t h e  Lurg iz /  
which r e q u i r e s  4 SCF per  pound. 

4 

4 .  Produc t ion  o f  methane i s  lower than  t h e  L u r g i  because  i n  t h i s  
system t h e  g a s - s o l i d s  f low i s  n o t  c o u n t e r c u r r e n t .  

New G a s i f i c a t i o n  System 

I n  an  a t t e m p t  t o  overcome t h e s e  d i f f i c u l t i e s ,  t h e  sys tem h a s  been 
r e v i s e d  as shown in  f i g u r e  2 .  Now t h e  c o a l  i s  fed  i n t o  t h e  t o p  of a 10- foot  
l o n g ,  6 - inch  d i a m e t e r  p i p e  and f a l l s  f r e e l y  th rough  a n  upward f low of gas 
from t h e  3- inch  d i a m e t e r  f l u i d - b e d  gasifier. ikn'nc c o a i ,  as it d r o p s ,  is 
ca rbon ized  and d e v o l a t i l i z e d  so by the ' t ime  i t  e n t e r s  t h e  f l u i d  bed i t  
should be noncaking .  P r e l i m i n a r y  t e s t s  of t h e  r e v i s e d  sys tem i n d i c a t e  t h a t  
i t  i s  o p e r a b l e ,  bu t  no d a t a  a r e  a v a i l a b l e  a t  t h i s  t i m e .  The methane y i e l d  
should be h i g h e r  due t o  c o u n t e r c u r r e n t  f l ows .  

! 

. CONCL~JS IONS 

Low-tempera ture  (250' C )  t r e a t e d  c o a l  and h igh - t empera tu re  (450' C )  
t r e a t e d  c o a l  can  be r e a c t e d  i n  a f l u i d - b e d  g a s i f i e r  ope ra t ed  a t  870' C 
wi thou t  agg lomera t ion  o f  t h e  c o a l .  The P i t t sbu rgh- seam c o a l  pas ses  f i r s t  
t o  a p r e t r e a t e r  a n d  t h e n  t o  a g a s i f i e r ,  t h e  t w o  b e i n g  in  s e r i e s .  The raw 

c o a l  was  p r e t r e a t e d  s e p a r a t e l y .  The minimum ,oxygen needed is  1 . 2  SCF per 
-pound of c o a l .  A t  a p r e s s u r e  of 8 a tmospheres  t h e  methane c o n t e n t  of t h e  
product  gas is 8 p e r c e n t .  An inc reased  methane y i e l d  i s  a n t i c i p a t e d  by 
u s e  of c o u n t e r c u r r e n t  f r e e - f a l l  sys t em.  F u r t h e r  improvement in  t h e  
g a s i f i c a t i o n  can  r e s u l t  i f  means a r e  found o f  s u p p l y i n g  h e a t  i n d i r e c t l y  
t o  d e c r e a s e  t h e  oxygen r e q u i r e m e n t .  

c o a l  used  in  t h e  2 - s t age  sys tem y i e l d e d  more product  gas  than  when t h e  (J 

I 
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