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In t roduct ion  

Most processes for producing e i t h e r  high-Btu gas o r  gaso l ine  from coal 
include a g a s i f i c a t i o n  s t e p  t o  make hydrogen o r  syn thes i s  gas.  For high-Btu 
gas or  gasoline pressure  g a s i f i c a t i o n  i s  prefer red  because of i t s  g rea t e r  
y i e ld  of methane and h igher  r a t e  of g a s i f i c a t i o n .  
system has t h e  advantage over o the r  systems of b e t t e r  con t ro l ,  b e t t e r  hea t  

- t r a n s f e r ,  f a s t e r  r e a c t i o n  time, and the  u t i l i z a t i o n  of 'fine coa l s .  However, 
oxygen i s  an expensive i tem i n  the process.  I f  a i r  can be subs t i t u t ed  fo r  
oxygen, s i g n i f i c a n t  savings i n  c o a l  conversion c o s t s  may be r ea l i zed .  Some 
experimenters have opera ted  g a s i f i e r s  without oxygen: The B r i t i s h  wi th  the 
IC1 moving burden technique (g', t h e  Aus t r a l i ans  with a similar sys t em except 
f o r  t he  s u b s t i t u t i o n  of sand f o r  t he  hot ash  (k), Consol ida t ion  Coal with t h e  
C02-acceptor process (3, Rumme1 with the s l a g  ba th  (a, and Kellogg with a 
molten s a l t  bath (9. The Bureau of Mines i s  now t r y i n g  steam plus oxygen 
i n  g a s i f i c a t i o n  of c o a l  under pressure and steam plus a i r  a t  p ressures  below 
7 atmospheres. 

Pressure G a s i f i c a t i o n  

The fluid-bed gas i f i ca t ion  

The Bureau's work i n  f lu id i zed  g a s i f i c a t i o n  has been d i r ec t ed  mainly to  
gas i fy ing  caking c o a l s ,  s p e c i f i c a l l y  Pittsburgh-seam coal (3.  The f i r s t  
system t r i e d  involved two f l u i d  beds i n  s e r i e s  ( f igu re  1 ) - - the  f i r s t  pre- 
t r e a t i n g  t h e  r a w  c o a l  at  about 400' C with steam plus air o r  oxygen; the 
second gas i fy ing  t h e  coal plus  the gases and tars with add i t iona l  steam and 
oxygen a t  850' to 900" C.  Due to the  cocurren t  flow i n  the two r eac to r s ,  
t he  methane y i e l d  was less than expected. In t he  second system t r i e d  
( f igu re  2) t h e  coa l ,  70 p c t  through 200 mesh, was fed i n t o  t h e  top of the 
r e a c t o r  where it dropped through the p r e t r e a t i n g  oxygen and steam which 
mixed with t h e  r i s i n g  gases from a 3-inch-diameter fluid-bed g a s i f i e r .  
Again the pre t rea t ing-carboniz ing  s e c t i o n  was operated a t  400" C and the  
g a s i f i e r  a t  900' C. A t  20 atmospheres pressure  t h e  gas production was 
28 SCP/lb c o a l ,  the  d ry  gas canpos i t ion  approximately 36 pct €IZ, 1 9  pc t  CO, 
31 pc t  C02, and 14 p c t  C&, with t r a c e s  of C2H, and C 3 h .  
the  g a s i f i e r  was 140 lb /h r - sq  f t .  
t h a t  i n  the product ion  of high-Btu gas f r a n  g a s i f i c a t i o n  plus  methanation, 
as much methane can be made i n  the  g a s i f i c a t i o n  a s  in the methanation. 

The throughput of 
This h igh  methane y i e ld  (14 pc t )  means 

Underlined numbers i n  parentheses in  the t ex t  i nd ica t e  items i n  the  l i s t  of 
re ferences  a t .  t h e  end of t h i s  paper. 
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I By i nc reas ing  t h e  pressure  of the  g a s i f i e r  t o  40 atmospheres, we es t imate  
t h a t  we can reduce the  cos t  of the  high-Btu gas about 5 ~ / 1 , 0 0 0  SCF. 
40-atmosphere g a s i f i e r  i s  now under cons t ruc t ion .  

This 

Since almost one- th i rd  of the c o s t  of high-Btu gas from g a s i f i c a t i o n  
plus methanation i s  due t o  the  cos t  of oxygen, we have a l s o  undertaken t o  
develope a system i n  which a i r  i s  s u b s t i t u t e d  f o r  oxygen. 

Atmospheric Gas i f i ca t ion  With Steam Plus A i r  

A ske tch  of the  appara tus  is  shown i n  f i g u r e  3 ,  and a photograph of t he  
u n i t  i s  shown i n  f igu re  4.  
s epa ra t e  po r t s  i n t o  a fluid-bed g a s i f i e r .  The 8-inch diameter by 5-foot high 
r e a c t o r  i s  ba f f l ed  s o  the  products o f  combustion can be separa ted  from the 
products of steam g a s i f i c a t i o n .  
i s t i c s  of a f lu id i zed  bed; namely, t h a t  while t h e  s o l i d s  mix thoroughly,  
t he  upward flowing gases have l i t t l e  l a t e r a l  motion. Thus i t  i s  poss ib l e  t o  
keep two d i s s i m i l a r  gas streams sepa ra t e  i n  a f l u i d  bed (4,). The bottom 
of the  r e a c t o r  is  no t  ba f f l ed  fo r  the f i r s t  f o o t  of reactor h e i g h t ;  above 
t h a t  a s o l i d  b a f f l e  i s  used. The c o a l ,  which has  been p re t r ea t ed  i n  a 
combined en t ra ined  and f r e e - f a l l  s e c t i o n ,  drops i n t o  the  steam s i d e  of the 
g a s i f i e r  so that i t s  carboniza t ion  gases w i l l  be p a r t  o f  the  product stream. 
Figure  5 shows a flowsheet of the system. 

The concept i s  t o  feed a i r  and steam through 
\ 

I The system i s  based on the  flow cha rac t e r -  
I 

The gas produced a t  present  i n d i c a t e s  t h a t  the gas streams can be kept 1 p a r t i a l l y  i s o l a t e d .  The gas produced i s  not  s u i t a b l e  f o r  high-Btu gas a s  
t he  n i t rogen  content--14-20 p c t - - i s  too h igh .  It could,  however, b e  used 
as a syn thes i s  gas i n  making l i q u i d  f u e l s ,  ammonia, o r  a s  a r i c h  producer 
gas .  Analyses of the product and combustion gases ,  and the  temperature 
p r o f i l e  on the  a i r - c o a l  and the  steam-coal s i d e  a r e  shown i n  t a b l e  1. The 
process i s  equal ly  app l i cab le  t o  both caking  and non-caking coa l s .  With 
caking c o a l ,  such a s  our Pittsburgh-seam, pretreatment with steam and oxygen 
was included i n  our experiments,  but t h i s  should not be considered an 
e s s e n t i a l  p a r t  of t h e  process .  

h 

A t  t o t a l  flows of 90 cu  f t / h r  of steam and 60 cu f t / h r  of a i r ,  and a t  
I coa l  feed r a t e s  of 3 l b / h r ,  t he  l e a s t  n i t rogen  i n  the  product stream i s  
I 14 p c t  ( t e s t  14-3) .  The flows a r e  regula ted  by c o n t r o l l i n g  the  quan t i ty  of 
I combustion product gas l eav ing  the  combustion s i d e .  Any gas i n  excess  of 

the  s e t  flow passes through t h e  back pressure  r egu la to r  on the  product gas 
s i d e .  The n i t rogen  percentage is recorded by an on-stream chromatograph 
on the  product s i d e  and the  c o n t r o l l e r  va r i ed  t o  keep i t  t o  a minimum. 
The composition of the  two gas s t leams t h u s  depend both on t h e  e f f i c i e n c y  
of  the  b a f f l e  conf igura t ion  and on the  s e t t i n g  of the  flow c o n t r o l l e r  on 
the  combustion s i d e .  

Temperature p r o f i l e s  ( t e s t  12-5) show 905' C on the combustion s i d e  
compared with 870' C on the  product s ide  a t  t he  leve l  1 9  inches above the  
base of the  r e a c t o r .  Since the  e l e c t r i c  h e a t e r s  which hea t  up  the r e a c t o r  
shut  o f f  a t  temperatures exceeding 800' C, these  temperatures i n d i c a t e  
good s o l i d s  mixing and hea t  t r a n s f e r  from the combustion s i d e  to  the  product 
s i d e .  
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TABLE 1.- T e s t s  i n  a fluid-bed g a s i f i e r  us ing  a i r  in place of oxygen 

T e s t  No . 11-6  12-5  14-3 1 4 - 9  15-9  1 7 - 2  

Coal feed. l b /h r  ................. 2 . 8  
Steam. SCFflb ..................... 30 
A i r .  SCF/lb ...................... 20 
Pre t r ea t e r  oxygen. SCF/lb ........ 1 
Pre t r ea t e r  steam. SCF/lb ......... 5 
Pressure.  atm .................... 2.5 
Cbmbustion s i d e  temperature.  'C: 

2 i n  . from base ............ 970 
1 1  i n  . from base ............ 830 
19 i n  . from base ............ 840 
3 1  i n  . from base ............ 725 

2 i n  . from base ............ 772 
11 i n  . from base ............ 825 
19 i n  . from base ............. 835 
3 1  i n  . from base ............ 715 

Product s i d e  temperature.  'C: 

Product gas ana lys i s .  pct :  
H2 .......................... 35 
N 2  .......................... 28 
co .......................... 9 
cH4 .......................... 7 
c2+ ......................... 4 
GO2 ......................... 17 

Heating value.  Btu/cu f t  ......... 284 
Combustion gas ana lys i s .  pct :  

H 2  .......................... 1 4  
N 2  .......................... 62 
CO .......................... 8 
cH4 ........................... 1 
COB ......................... 1 5  

Heating value.  Btu/cu f t  ......... 7 8  
Yield product gas .  SCF/lb ........ 14  
Yield combustion gas .  SCF/lb ..... 20 
Tota l  y i e ld .  1 SCF/lb ............. 13 

Product gas H2*O*.C. .pet ........ 6 3  
Tota 1 H2SCO+HC 

Pc t  HV i n  product gas ............ 72 
Carbon conversion. p c t  ........... 6 0  

3 . 0  
30 
20 
1 
5 

2 . 5  

880 
920 
905 
7 40 

480 
82 1 
87 0 
7 10 

43 
22 
12 

6 
. 3 

1 4  
2 92 

5 
7 4  

8 
1 

12 
51 
17 
20 
14 

7 9  

85 
56 

3.18 
30 
20 
1 
5 
4 

78Q 
900 
880 
7 10 

443 
850 
850 
680 

45 
1 4  
12  
10 

2 
17 

322 

13  
62 

9 
2 

1 4  
91 
1 0  
26 
1 3  

5 4  

58 
5 0  

3.18 
30 
20 
1 
5 
4 

945 
935 
9 40 
7 6 0  

42 5 
6 40  
890 
7 90 

38 
27 
11 

7 . 
1 

16 
246 

12  
62 
12 
1 

1 3  
88 
20 
20 
16 

69 

7 4  
50 

3.08 
30 
20 
1 
5 
4 

7 6 0  
880 
882 
7 40 

410 
7 40 
850 
7 2 0  

43 
19 
13  

9 
1 

15 
2 9 0  

8 
7 1  

8 

13 
5 0  
15 
1 9  
1 4  

7 9  

82  
52 

.. 

3.86 
2 0  
20  
1 
5 
4 

760 
900 
900 
700 

1140 
860 
885 
690 

35 
34 
13 

3 
1 

1 4  
203 

9 
7 1  

7 
.. 

. 13 
50 
16 
15 
10 

80 

80 
.. 
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Analyses of gas made on the  product s i d e  ind ica t e  a maximum of 322 
Btu/cu f t  o r  twice the  producer gas va lue ,  and ana lyses  of gas made on the 
combustion s i d e ,  50 to  90 Btu. 
i n  t h e  r e a c t o r ,  i s  on t h e  product s i d e ;  a m a x i m u m  of 85 pc t  of the  hea t ing  
va lue  i s  on the  product s i d e .  
s ide  probably r e s u l t s  from C 0 2  from c o a l - a i r  combustion r e a c t i n g  with hot 
carbon. A s  i s  seen i n  t a b l e  1, the  CO on the  combustion s ide  is  almost as 
g rea t  a s  on the product s ide .  When the  steam flow was lowered from 30 t o  
20 c u  f t / l b  coal feed ,  the percentage n i t rogen  increased cons iderably  
(17-2) t o  34 pct .  Fur ther  t e s t s  a r e  being made to  t r y  t o  lower t h i s  n i t rogen  
concent ra t ion .  

A maximum of 7 9  pc t  of the H2i€OSfIC, made 

The l a r g e  percentage of CO on the combustion 

The scheme shown i n  f i g u r e  6 w i l l  be t e s t ed  i n  the  fu tu re .  This design 
may no t  give as good gas sepa ra t ion  as the  f i r s t  des ign ,  but with a i r  i n  the  
annulus,  i t  should give b e t t e r  hea t  t r a n s f e r .  

Conclusion 

Pittsburgh-seam coa l  can be gas i f i ed  s a t i s f a c t o r i l y  i n  a f r e e - f a l l ,  
f luid-bed r e a c t o r  t o  give a product gas of h igh  methane content--20 pc t  
(on a C02-free b a s i s ) .  This y i e l d  of methane means t h a t  i n  the  production of 
a high-Btu gas from g a s i f i c a t i o n  plus methanation a s  much methane can be made 
i n  t h e  g a s i f i c a t i o n  as i n  the  methanation s t e p .  

S u b s t i t u t i n g  a i r  f o r  oxygen, we t r i e d  t o  opera te  a f lu id-bed  g a s i f i e r  
to sepa ra t e  the  products of combustion from the  products of steam-coal 
g a s i f i c a t i o n ,  and a l s o  t o  achieve  good h e a t  t r a n s f e r  of the s o l i d s .  The 
product gas contained a minimum of 14 pct n i t rogen ,  and temperature p r o f i l e s  
showed good hea t  t r a n s f e r .  This  gas i s  not s a t i s f a c t o r y  f o r  a 900-Btu gas 
which would need t o  conta in  l e s s  n i t rogen .  However, i t  could b e  used f o r  
synthes is  of l i q u i d  f u e l s ,  ammonia, o r  a s  a r i c h  producer gas,  and improved 
design and opera t ion  may lower the n i t rogen  conten t  of the product gas so  
tha t  a high-Btu gas may be poss ib l e .  
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Figure 3.  Baffled reactor for gasification of coal with steam and a ir .  , 
, .  



F i g u r e  4. Gas i f i ca t ion  sys t e rn  f o r  gas i f i ca t ion  of c o a l  wi th  s t e a m  a n d  air. f 
- 
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F i g u r e  6. Two- tube  r e a c t o r  f o r  gas i f i ca t ion  of coa l  -with' s team and  a i r .  


