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STRONGLY CAKING COAL GASIFIED I N  A STIRRED-BED PRODUCER 

BY 
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INTRODUCTION 

P a r t i a l  combustion of coa l  with continuous a d d i t i o n  of steam converts 
a l a r g e  f r a c t i o n  of t h e  energy i n  t h e  s o l i d  f u e l  i n t o  combustible gases:  
carbon monoxide, hydrogen and hydrocarbons p lus  a small f r a c t i o n  of non- 
combustible carbon dioxide.  This g a s i f i c a t i o n  process i s  we l l  known. and 
i t  has been p rac t i ced  on a l a r g e  scale f o r  many years .  It  is ca r r i ed  out 
i n  a r e to r t - type  v e s s e l  c a l l e d  a producer. and t h e  product is known as 
producer gas.  

Gas i f i co t lon  w i t h  a i r  d i l u t e s  t h e  gas  wi th  inert  n i t rogen  t o  t h e  
ex ten t  of about 50 percent .  This d i l u t i o n  can be reduced or eliminated - 
e n t i r e l y  by s u b s t i t u t i n g  oxygen f o r  a p a r t  or a l l  of t h e  air .  
requirements and economi,s f o r  each a p p l i c a t i o n  determine whether a i r  or 
oxygen w i l l  be used.(l)- 

Process 

Gas producers are usua l ly  c l a s s i f i e d  i n  t h r e e  ca t egor i e s  according t o  
the  c h a r a c t e r i s t i c s  of t he  f u e l  bed, namely: f i x e d ,  f l u i d i z e d ,  or entrained.  
Within t h i s  broad d e s c r i p t i o n ,  many innovations have been proposed. 
f i v e  producers o f  a l l  types are descr ibed i n  a recent r epor t . (2 )  
fixed-bed producer is t he  only type accepted thus  f a r  f o r  commercial use. 
Flxed-bed producers reached t h e i r  maximum use i n  the  United S t a t e s  about 
1925 when approximately 11,000 were i n  se rv i ce  i n  the  United S ta t e s .  
They are s t i l l  used t o  a minor extent  i n  Europe, South Afr ica ,  Aus t r a l i a ,  
and Japan f o r  f i r i n g  i n d u s t r i a l  furnaces and generat ing town and synthesis  

Sixty- 
The 

gae . 
I n t e r e s t  i n  pressurized gas producers is increasing here and abroad 

f o r  app l i ca t ion  t o  thermal power gene ra t ion  using combined gas and steam 
tu rb ines  with gas  c l ean ing  proceeding combustion. The f i r s t  commercial 
p l an t  of t h i s  type i s  scheduled f o r  completion t h e  surmner of 1971. I ts  
output is 170 Mw, and the  loca t ion  is Lznen, West Germany. The pressurized 
gas producer also has  p o t e n t i a l  f o r  t he  product ion of high-Btu p ipe l ine  gas 
from coa l  because of t he  s u b s t a n t i a l  a m u n t  of methane formed during gasi-  
f i c a t  ion.  

- 1/ Numbers i n  pArenthesis r e f e r  t o  references a t  end of paper. 
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The U.S. Bureau of Mines is undertaking t h e  development o f  a fixed-bed 
producer a t  i t s  Morgantown. W.Va. Energy Research Center. (3)  This  exper i -  
mefital producer provides  more ex tens ive  s t i r r i n g  of the  f u e l  bed than has 
been the  p r a c t i c e  here tofore .  It conforms t o  t h e  accepted concept of  a 
fixed-bed producer i n  a l l  o t h e r  respec ts . (4)  The des igna t ion  s t i r r e d - b e d  
producer is  proposed i n  order  t o  d i s t i n g u i s h  t h i s  type from t h e  o t h e r s .  

The fixed-bed producer has demonstrated thermal e f f i c i e n c i e s  (percent-  
age of heat ing va lue  of t h e  f u e l  appearing i n  t h e  gas)  of about 90 percent  
f o r  hot raw gas and about 75 percent  f o r  co ld  c l e a n  gas. General ly  t h e  
f u e l  has been l imi ted  t o  coke, a n t h r a c i t e ,  or noncaking bituminous coa ls .  
M i l d l y  caking c o a l s  have been used in some commercial producers which were 
provided with a mechanical s t irrer f o r  a g i t a t i n g  t h e  top l e v e l  of  t h e  bed. 
This  s t i r r i n g  a c t i o n  broke t h e  weak coke t h a t  formed and f i l l e d  voids  i n  
t h e  bed. The bulk of t h e  bituminous c o a l  loca ted  i n  t h e  e a s t e r n  ha l f  of 
t h e  United States is too  s t r o n g l y  caking t o  be g a s i f i e d  i n  a f i x e d  bed. A 
s t r o n g l y  caking c o a l  from West V i r g i n i a ' s  P i t t sburgh  seam was g a s i f i e d  i n  
t e s t s  performed a t  Dorsten, Germany, i n  a fixed-bed producer equipped wi th  
a top  s t i r r e r ,  The  caking property had t o  be reduced by adding a s h  from 
l o c a l  c o a l  i n  o r d e r  t o  prevent adherent  coke from s topping  t h e  c o a l  flow.(5) 
A c o a l ' s  performance under condi t ions  e x i s t i n g  i n  a f i x e d  bed v a r i e s  with 
i ts  p l a s t i c  p r o p e r t i e s ,  minera l  c o n t e n t ,  hea t ing  rate, p a r t i c l e  s i z e ,  and 
opera t ing  condi t ions.  Development of  equipment and techniques f o r  gas i fy-  
ing caking coa ls  i n  a f i x e d  bed w i l l  provide a v e r s a t i l e ,  economical system 
f o r  convert ing c o a l  t o  gas .  

EXPERIMENTAL 

Equipment 

The s t i r red-bed  producer is shown i n  f i g u r e s  1 and 2. I t  o p e r a t e s  at 
pressures  t o  a nominal 100 ps ia .  I n s i d e  dimensions are 3.5 f e e t  i n  diameter 
and 24 f e e t  i n  length.  The fuel-bed a g i t a t o r  o r  stirrer is t h e  des ign  
f e a t u r e  t h a t  d i s t i n g u i s h e d  t h i s  experimental  producer from o t h e r  producers 
of fixed-bed design.  The a g i t a t o r  c o n s i s t s  of a V e r t i c a l l y  mounted r o t a t -  
ing  s h a f t  t o  which is  a t t a c h e d  two h o r i z o n t a l  arms, or r a b b l e s ,  loca ted  
2- fee t  a p a r t .  
cooled by c i r c u l a t i n g  water. A t h i r d  rabble ,  uncooled and pos i t ioned  2-feet  
above t h e  middle arm, l e v e l s  t h e  top  of t h e  bed. The v a r i a b l e  speed d r i v e  
acts through two l e v e r  arms and r a t c h e t  mechanisms which r o t a t e  t h e  s h a f t  
and move i t  v e r t i c a l l y  in r e c i p r o c a l  motion. 
is c o n t r o l l e d  by t h e  p o s i t i o n i n g  of l i m i t  switches wi th in  a maximum span of 
6-feet  4-inches. For t h e  experiments repor ted  here ,  t h e  v e r t i c a l  t r a v e l  
was l i m i t e d  t o  2- fee t .  
a g i t a t o r  rates of  15 o r  22-112 r e v o l u t i o n s  per  hour and 3-112 o r  5-114 f e e t  
per  hour t r a v e l ,  r e s p e c t i v e l y .  L i m i t s  i n  r o t a t i o n  were 8 t o  40 revolu t ions  
per  hour and i n  v e r t i c a l  t r a v e l  2 t o  9-113 f e e t  per  hour. 
w a s  used most of t h e  t i m e  during these tests. 

Both rabble  arms and t h e  en t i r e  length of t h e  s h a f t  a r e  

The d i s t a n c e  t r a v e l e d  v e r t i c a l l y  

S e t t i n g s  of 2 o r  3 on t h e  v a r i a b l e  speed d r i v e  gave . 

A s e t t i n g  of 3 

Continuous i n f r a r e d  ana lyzers  record  t h e  concent ra t ion  of carbon 
monoxide and carbon d ioxide  i n  t h e  product gas .  Continuous monitor ing of 



t h e  f u e l  bed f o r  bed depth,  occurrence of voids .  l o c a t i o n  of combustion 
zone, and presence of excess aeh is obtained by nuclear  instruments ,  f i g u r e  
3. The percentage of gamma-ray r a d i a t i o n  t ransmi t ted  through t h e  vesse l  
from a cobalt-60 source  v a r i e s  with t h e  thickness  and bulk dens i ty  of t h e  
mater ia l  through uhlch  t h e  gamma-rays pass. Coal, ash,  and gas  a t t e n u a t e  
t h e  r a d i a t i o n  i n  varying degrees dependent upon t h e i r  presence or absence 
and bulk d e n s i t y ,  but a t t e n u a t i o n  by t h e  v e s s e l  wall is constant . (6)  A 
625-mill icurie source  wi th  t h r e e  d e t e c t o r s  l o c a t e s  the  t o p  of t h e  f u e l  
bed, Coal i s  added when t h e  middle d e t e c t o r  ind ica tes  "empty". A 4-curie  
source and two d e t e c t o r s  with outputs  recorded on a s t r i p  c h a r t  shows t h e  
presence or absence of voids or high-arh level as indica ted  in f i g u r e  4. 
Adjustments to t h e  s t i r r i n g  r a t e  are based on t h i s  da ta ,  

Operat ion  

The fue l  bed moves downward countercurrent t o  t h e  ascending hot gases 
r e s u l t i n g  from p a r t i a l  combustion of t h e  c o a l .  A i r  and steam are admitted 
below t h e  g ra te .  Fuel consumption is c o n t r o l l e d  by adjustment of t he  a i r  
r a t e ,  and temperature i s  cont ro l led  by adjustment of the steam r a t e .  The 
temperature is h e l d  below t h e  ash fus ion  temperature t o  avoid forming 
c l i n k e r s  which c l o g  t h e  gra te .  

Coal i s  fed i n t e r m i t t e n t l y  t o  t h e  top  o f  t h e  bed by adding batches 
weighing 200 - 250 pounds about every 10 minutes through lock hoppers 
pressurized with i n e r t  gas. Ash is discharged by means of  a r o t a t i n g  g r a t e  
and removed through a lock  hopper. The removal rate is  ad jus ted  by varying 
t h e  g r a t e  r o t a t i o n  between 4 and 10 rph.  The combustion zone is  held about 
one foot  above t h e  g r a t e .  The normal bed depth above t h e  g r a t e  is about 
e i g h t  f e e t .  The i n t e r f a c e  between t h e  ash  and combustion zones is genera l ly  
below the  zone d e t e c t e d  by t h e  nuc lear  d e n s i t y  gage; d e t e c t i o n  is by 
means of thermocouples having v e r t i c a l  spacing o f  12  inches. Temperature 
d i f f e r e n t i a l s  g i v e  a good i n d i c a t i o n  of  t h e  i n t e r f a c e  loca t ion ,  although 
' h - m $ > t e m p e r a t u r e s  , -2 are much lower than  those i n  t h e  i n t e r i o r  of 
t h e  bed because o f  t h e  c l o s e  proximity of  t h e  thermocouples t o  t h e  water- 
cooled w a l l .  A 5 - f O O t  length of t h e  w a l l  above t h e  top of  t he  g r a t e  is  
water jacketed wi th  t h e  remaining wal l  a r e a  faced wi th  i n s u l a t i n g  brick. 

Gases leave through a s i d e  o u t l e t  i n  t h e  top  cover ,  and a r e  reduced 
i n  pressure  by a c o n t r o l  valve. The gas  is cleaned of t h e  l a r g e  p a r t  of 
i ts  dust load by flowing through a one-stage cyclone separa tor  before  it 
Is burned in t h e  atmosphere. The gas is continuously analyzed f o r  carbon 
monoxide and carbon d ioxide  but i s  not  sampled f o r  steam, t a r ,  or dus t .  
Per iodic  samples are taken f o r  laboratory ana lyses  o f  t h e  gas ,  a s h ,  and 
cyclone dus t .  

Star t -ups are made with a n t h r a c i t e  i n  order  t o  avoid depos i t ing  l a r g e  
amounts of t a r  i n  t h e  co ld  producer Rituminous c o a l  feed s t a r t s  when t h e  
e x i t  gas temperature reaches l,OOOO'F. 
temperature reaches a maximum of  about 1.200° F. 
f i l l  t he  producer, and one type of c o a l  completely d i s p l a c e s  t h e  o t h e r  i n  
about four hours. 

A t  s teady condi t ions ,  t h e  gas 
About 1 .5  tons of  coa l  
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Operations a r e  scheduled on a 3 - s h i f t ,  5-day week b a s i s .  
and burnout each r e q u i r e  one s h i f t .  
weekend is poss ib l e ,  bu t  burnout is t h e  usual  p r a c t i c e .  
g ive  a 4-day ope ra t ing  period. 

Light of f  
Holding in banked c o n d i t i o n  over a 

These procedures 

Data a r e  p re sen ted  f o r  s t r o n g l y  caking h i g h - v o l a t i l e  A bituminous, 
P i t t s b u r g h  bed, Monongalia County, West V i r g i n i a ,  and f o r  moderately s t rong  
caking h igh -vo la t i l e  B bituminous,  No. 6 seam, J e f f e r s o n  County, I l l i n o i s .  
Proximate and u l t i m a t e  ana lyses  are given i n  t a b l e  1. The P i t t s b u r g h  bed 
coal  was cleaned and o f  2 x 1-1/4 inch sc reen  s i z e .  The I l l i n o i s  NO. 6 
c o a l  waa cleaned and o f  1-1/2 x 314 inch  s i z e .  

Table  1. - Analyses of h i g h - v o l a t i l e  c o a l  
( a s  r ece ived1  

Illi*? 
W. V a .  P i t t s b u r g h  

s e d 1  No. 62 
Ultimate  

Carbon ................ 76.9 70.9 
Hydrogen .............. 5.5 6.4 
Nitrogen .............. 1.3 1.7 
S u l f u r  ............... 2.4 1.2 

Ash ................... 7.7 5.4 
oxyged' .............. 6.2 14.4 

Proximate 
Moisture .............. 1.3 6.9 
V o l a t i l e  matter ....... 36.8 36.1 
Fixed carbon .......... 54.2 51.5 
Ash ................... 7.7 5.5 

- 11 By d i f f e r e n c e  
- 2/ FSI 8 ,  HV 13,850 Btu/ lb .  
- 3J PSI 4-112, HV 12,050 B t d l b .  

RESULTS 

Process cond i t ions  and performance d a t a  a r e  given in t a b l e  2. There 
d a t a  are t h e  average r e s u l t s  from 2 t o  4 nonconsecutive o p e r a t l n g  pe r iods  
of 7 t o  10 hours du ra t ion .  The r e s u l t s  do no t  r ep resen t  s t eady  s t a t e  dat4, 
and a r e  shown because they approximate w h a t  would be poss ib l e .  Steam. t8r, 
and dus t  con ten t s  of t h e  gas are not  known bu t  can be est imated.  

26OoF and producer gas  a t  t h e  o u t l e t  ranges from 900' t o  1,20O0F. 
weight o f  air  is approximately 6 t imes t h e  steam weight. 
a t  about 200°F while  steam is reheated t o  about 400°F, (75' 8uperheat) ,  
thus  t h e  heat input  is a p p r o x i m t e l y  5 percent  g r e a t e r  than it  would be 
if combustion of coa l  were t h e  only source.  

Temperature o f  t h e  air -s team mixture  a t  t h e  i n l e t  range from 230° to 

A i r  is suppl ied 
The 
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A cooling water  temperature increases  about 25OF'for the  s t i r r e r  and 

28OF f o r  the s h e l l  j acke t .  
approximately 310 and 65,600 pounds per hour, respec t ive ly .  
loss  t o  cooling water  f o r  t h e  s t i r r e r  is v i r t u a l l y  n i l  and f o r  t h e  jacket 
ranged from 6 t o  10 percent of t h e  heat input. 

Water flows f o r  the s t i r r e r  and jacket  a r e  
The heat 

Table 2.  - Process condi t ions and performance averages 

Data period, h r s ,  (cumulative) 
Pressure,  psig 
Feeds, 

coal ,  as rec .11,  lb /hr  
coa l ,  lbr/Mscf gas 
steam, l b / h r  
a i r ,  lb/hr  

steam:coal.Y 
a i r  : coaLL1 

Feed r a t i o s ,  l b / l b  

Gas yie ld  
M scf /hr  
M scf /hr-sq f G /  
s c f / l b  c o a l  

cas composition. m o l  pc& 
co 
H2 
co2 
CH4+ 
N 

Heat 14 value. Btu/rcf  (gror r )  
Heat Losses ( e s t l m t c d ) ,  pct of input 
Cold gas ef f ic iency ,  pct 

W. Va. Pit tsburgh seam 
Test 1 Test 2 

16 
80 

1,150 
15.7 
560 

3.830 

0.49 
3.32 

73 
7.6 

63.5 

20 .0  
15.5 
7.2 
2.8 

54.5 
142 

13 
62 

31 
80 

1,390 
15.4 
7 20 

4,600 

0.52 
3.31 

90 
9.4 

64.8 

20.5 
15.6 
8.7 
2.4 

53.2 
145 

10 
65 

I1 1 i n o i  s 
No. 6 seam 

Test 3 

36 
80 

1,630 
18.1 
630 

4,600 

- 

0.38 
2 .82  

90 
9.4 

55;2 

21.7 
15.8 
6 . 8  
3.0 

52.7 
164, 
11 
72  

- I/ as received - 21 Crate  a rea ,  9.6 sg f t .  - 3/ Dry basis. 

DISCUSSION 

Performance 

E%perience with Pi t tsburgh seam coal  i n d i c a t e s  tha t  g a s i f i c a t i o n  of 
s t rongly  caking c o a l s  can be accomplished by s t i r r i n g  t h e  bed t o  break 
coherent  coke formations. 
a g i t a t o r  provides slow continuous s t i r r i n g  t h a t  f i l l s  voids and keep8 the 

The compound r o t a t i o n  and a x i a l  movement of the 
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bed permeable. 
q u a l i t y  and bed d e n s i t y  as recorded by c o n t r o l  instruments .  Gross 
changes i n  bed d e n s i t y  are immediately apparent  and gas  q u a l i t y  d e t e r i o r -  
a t e s  o r  improves w i t h  a r e s p e c t i v e  decrease  or i n c r e a s e  i n  d e n s i t y .  The 
bed d e n s i t y  gage has g r e a t  va lue  because it provides  a d e f i n i t e  and 
i m e d i a t e  i n d i c a t i o n  of condi t ions  i n  t h e  bed. The gas  a n a l y z e r s  have a 
time l a g ,  and c o a l  a d d i t i o n s  produce minor v a r i a t i o n s  i n  g a s  composition. 
This d e n s i t y  gage is mounted i n  a f i x e d  p o s i t i o n ;  i t  would have g r e a t e r  
u s e f u l l n e s s  i f  i t  were mounted on a movable p la t form t r a v e r s i n g  t h e  e n t i r e  
bed and t h e  movement c o n t r o l l e d  from a remote s t a t i o n .  A c o r r e l a t i o n  
between t h e  s t i r r i n g  rate and gas q u a l i t y  was not ob ta ined ,  but one 
probably e x i s t s  as P slow s t i r r i n g  rate al lows voids  to be r e t a i n e d  f o r  a 
longer t i m e  before  they co l lapse .  

The condi t ion  of t h e  bed is determined by observing t h e  gas  

A predic ted  l i f e  f o r  t h e  a g i t a t o r  and g r a t e  cannot be made a t  t h i s  
time. 
Chances of overheat ing e i t h e r  a g i t a t o r  or g r a t e  are v i r t u a l l y  e l iminated 
by c o n t r o l l i n g  opera t ions  through t h e  use of instruments .  It does not 
appear t o  be necessary t o  extend t h e  s t i r r i n g  i n t o  t h e  o x i d a t i o n  zone, 
and t h e  lower r a b b l e  arm I s  not  subjec ted  t o  high temperature  i n  an  
oxid iz ing  atmosphere. 

Based on last y e a r ' s  experience,  long l i f e  can be a n t i c i p a t e d .  

Gas Q u a l i t y  

Gas q u a l i t y  is f a i r l y  t y p i c a l  f o r  a n  air-blown producer-except  t h a t  
carbon d ioxide  is 2 t o  3 percent  higher  and carbon monoxide p l u s  hydrogen 
is lower by t h e  same amount than is normal f o r  a commercial producer. This 
is a t t r i b u t e d  to gas  temperatures  being somewhat lower because t h e  smaller 
experimental  producer has more water-cooled s u r f a c e  per  volume of r e a c t i o n  
space. 
t h e  r e a c t i o n  C -t C02 - 2 CO and some C02 pasaes  through t h e  zone unreduced, 
e x p e c i a l l y  i f  t h e  bed depth is shallow. 
e f f e c t .  
oppor tuni ty  f o r  unreduced carbon d ioxide  and stem to leak  around t h e  
f u e l  bed. 

Lower gas  temperatures  i n  t h e  reduct ion  zone slows t h e  rate of 

Design geometry has  another  
The g r e a t e r  w a l l  s u r f a c e  t o  r e a c t i o n  volume provides  b e t t e r  

Heating Value 

Gross hea t ing  va lue  of  t h e  dry  gas  is s l i g h t l y  higher  f o r  I l l i n o i s  
No. 6 seam than f o r  W.Va. P i t t s b u r g h  seam. The gas  from I l l i n o i s  coal 
Contained 0.5 percent  C H 
values  are i n  t h e  range31&0 to 165 Btu per  s c f ,  which is normal f o r  air-blown 
producer gas .  

+ C3H6 t o  0.1 percent  f o r  t h e  latter. Heating 

Eff ic iency  

The co ld  gas  e f f i c i e n c y  is t h e  p o t e n t i a l  hea t  i n  t h e  gas  expressed 
as a percent  of t h e  heat  input .  Two t e s t s  wi th  P i t t s b u r g h  seam c o a l  
gave e f f t c i e n c i e s  of 62 and 65 percent ,  while  t h e  test of I l l i n o i s  No. 6 
gave 72 percent .  
small experimental  producer because hea t  l o s s e s  to  t h e  cool ing  water a r e  
g r e a t e r  than would be experienced w i t h  a l a r g e  producer opera ted  cont inuously 

The lower va lues  are conaidered more r e p r e s e n t a t i v e  of t h e  



a t  steady condi t ions .  Heat lo s s  t o  t h e  water-cooled s t i r r e r  is negl ig ib le  
because its s u r f a c e  a r e a  is r e l a t i v e l y  small, but t he  6 t o  10 percent 
l o s s  t o  the  water-cooled wal l  ie 2 t o  3 times g r e a t e r  than normal fo r  
a large producer. 

Steam: Coal Ratio 

The a d d i t i o n  of  steam has two very important func t ions :  To improve 
the cold e f f i c i e n c y  and t o  cont ro l  c l i n k e r i n g  of t h e  ash.  The decomposition 
of steam by r e a c t i o n  w i t h  carbon is s t rongly  endothermic; hence, some of 
t he  sens ib le  hea t .  which is l o s t  when the  gas  is used co ld ,  i s  converted 
in to  p o t e n t i a l  hea t  i n  t h e  gas  In the  form of hydrogen and carbon monoxide. 
Enough steam must be added t o  prevent ex tens ive  c l i n k e r  formation, which 
clogs the  g r a t e  and s tops  t h e  fue l  flow, but  excess steam causes excessive 
cooling and, pass ing  through undecmposed, i s  wasted. P i t t sburgh  bed coa l  
has a s t rong  tendency t o  form hard c l i n k e r s ,  and--by t r ia l - -  a steam-to-coal 
weight r a t i o  of  0.5 gave s a t i s f a c t o r y  r e s u l t s .  I l l i n o i s  No. 6 coa l  showed 
no tendency t o  form c l i n k e r s  with a steam-coal r a t i o  of 0 . 4 ,  

Gas Yields 

Gas y i e l d s  a r e  dependent upon the a i r  r a t e  which l i m i t s  the  com- 
bustion r a t e  up t o  t h e  po in t  where f u e l  l o s s  by entrainment i n  the gas 
stream becomes excess ive .  The maximum air rate in these  t e s t s  WBS t h e  
f u l l  output of a compressor, 60,000 scfh.  The gas y i e l d s  a t  80 psig 
a r e  63-65 s c f  per l b  of P i t t sburgh  seam coal  and 55 for I l l i n o i s  No. 6. 
The smaller  y i e l d  f o r  t h e  la t ter  coa l  r e s u l t s  i n  p a r t  from i t s  lower 
carbon content .  

Some a d d i t i o n a l  improvement i n  gas  y i e l d  appears poss ib le  i f  a i r  flow 
is increased by adding more compressor capaci ty .  Another approach would 
be t o  add oxygen t o  t h e  a i r  b l a s t .  This  method could be used w i t h  a 
r o t a t i n g  g r a t e  d ischarg ing  t h e  ash as s o l i d s .  The a d d i t i o n  of  oxygen 
increases  t h e  temperature  i n  t h e  combustion zone, and excess  steam must 
be added to avoid c l i n k e r  formation by ash fusion.  When 100 percent oxygen 
i s  used the  p r e f e r r e d  a s h  removal method is f l u i d  s l a g .  This  would 
requi re  a hear th- type r e t o r t  w i t h  oxygen admitted above t h e  hear th  through 
tyeres .  In  e i t h e r  case, t h e  higher g a s i f i c a t i o n  rate i s  not expected t o  
a l te r  f u e l  bed c h a r a c t e r i s t i c s ,  and s t i r r i n g  i s  expected t o  maintain 
nonagglomerated bed condi t ions.  

CONCLUSIONS \ 

Short-time t e s t s  i n  gas i fy ing  s t rongly  caking c o a l  i n  a s t i r r e d -  
bed ind ica te  t h a t  continuous s t i r r i n g  of  t h e  f u e l  bed is necessary and 
succeeds in  maintaining t h e  f u e l  flow. Nuclear dens i ty  and leve l  gages 
supply the  d a t a  needed t o  c o n t r o l  opera t ion  of t h e  producer and hold the  
gas q u a l i t y  uniform. Further  increase i n  gas  production r a t e  appears 
possible  by increas ing  t h e  a i r  b l a s t  rate.  Some improvement i n  gas q u a l i t y  
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may be obtained by c l o s e r  c o n t r o l  and op t imiza t ion  of opera t ing  condi- 
t i ons .  
and q u a l i t y  at  maximum coa l  feed r a t e s  and to determine o p e r a b i l i t y  using 
smal le r  s i z e s  of coal .  

Addi t iona l  tests are needed t o  ob ta in  d a t a  showing gas y i e l d s  
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Figure 1. - S c h e m t i c  d r a w i n g  of gas producer 
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Figure 2 .  - View of g a s  producer 
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Figure  3 .  - Nuclear d e n s i t y  gages appl ied  t o  gas producer  
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Figure  4 .  - Typical  d i s p l a y  and i n t e r p r e t a t i o n  of d e n s i t y  
measurements f o r  t h e  combustion zone 


