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1NTRODUCTIO;J 

The Morgantown Energy Research Center is conducting research on s o l i d ,  
regenerable absorbents t o  remove 1I.S from hot (1,000°-1,5000F) low-Btu f u e l  gas made 
by gasifying coa l  with air and steam. The hea t ing  value of  low-Btu gas ranees  from 
100 t o  150 Btu per  cubic f o o t ,  which makes it uneconomical f o r  long d i s t a n c e  t r a n s -  
por t  but  i s  s u i t a b l e  f o r  "on-site' '  u t i l i z a t i o n  t o  f i r e  powerplant o r  i n d u s t r i a l  
b o i l e r s .  
two b e n e f i t s  f o r  t h e  u t i l i z a t i o n  of low-Btu gas as a f u e l .  
d i r e c t l y  f i r e d  i n  b o i l e r s  and meet environmental s tandards concerning s u l f u r  emissions 
t o  the atmosphere. 
increaaing t h e  o v e r a l l  thermal e f f ic iency  o f  t h e  f u e l .  

Removal of t h e  s u l f u r  ( l a r g e l y  H2S) from t h e  gas while s t i l l  hot a f fords  
F i r s t ,  t h e  gas can be 

Second, t h e  sens ib le  heat  of  t h e  gas is r e t a i n e d ,  thereby 

The use of  i ron  oxide t o  remove 112s from i n d u s t r i a l  gases has been p r a c t i c e d  
Coke oven gases have been desulfur ized by f ixed  o r  f l u i d  beds of  for  many years .  

i ron  oxide at temperatures up t o  752OP (1) . Abel e t  al .  ( 2 )  and Shul tz  (3)  reported 
t h e  r e s u l t s  of  laboratory s tudies  i n  which s o l i d  absorbents were used t o  remove H2S 
from h o t ,  simulated and a c t u a l  producer gas. Clay and Lynn ( 4 )  descr ibed t h e  use of  
i ron  oxide supported on alumina t o  remove NOx and SOx from powerplant s tack  gases at 
temperatures approaching, 1,OOOOF. They i n j e c t e d  a stream of  synthes is  gas (CO + H z )  
t o  reduce t h e  SO2 t o  HzS and NO t o  112 before passing t h e  f l u e  gases over the c a t a l y s t .  

Laboratory inves t iga t ions  a r e  being d i rec ted  toward developing a s o l i d ,  
regenerable absorbent composed of i r o n  oxide supported on a matrix of f l y  ash  which 
has both t h e  absorpt ion capaci ty  and physical  s t ren&h bel ieved t o  be required f o r  a 
commercial appl ica t ion  i n  removing HzS from low-Btu f u e l  gases at temperatures above 
l.OOO°F. 

Mechanical problems involving a t t r i t i o n  of t h e  i ron  oxide leading  t o  unacceptable 
carry-over and absorbent replacement, and plugging or foul ing  of system components 
were some of t h e  shortcomings of previous work using i r o n  oxide t o  remove H2S from 
various type gases. By supporting t h e  i r o n  oxide upon a matr ix  of f l y  ash ,  these 
problem are overcome. The development of  a s o l i d ,  pe l le t - s ized  absorbent having 
adequate sur face  area o r  pore volume which e f f e c t i v e l y  removes II2S e l imina tes  t h e  
need f o r  f l u i d i z a t i o n  and/or t h e  use of very small i ron  oxide p a r t i c l e s .  Another 
advantage is  t h e  lower c a p i t a l  and opera t iona l  c o s t s  when using a f ixed  bed f o r  
absorbing, i n  which continuous recycl ing and replacement of i ron  oxide is not  required.  

The process described here in  is designed t o  remove H2S from r a w  producer gas 
above l,lOO°F by passing it through a f ixed  bed of f l y  ash-iron oxide absorbents. 
The H2S r e a c t s  with t h e  Fez03 t o  form FeS and FeS.. 
su l f ided ,  t h e  FeS-FeSp i s  e a s i l y  re turned t o  Fez03 by passing air through t h e  bed 
f o r  a short  period. 

When t h e  absorbents are f u l l y  

MATERIAL, EQUIP!CQTT AND PROCEDURES 

Fly ash from a coal-f i red powerplant near  Korgantown, West Virg in ia ,  w a s  used 

A t y p i c a l  ana lys i s  
exclusively as supporting mater ia l  for t h e  f l y  ash-iron oxide absorbents. This  f l y  
ash w a s  similar t o  t h e  f l y  ash from t h r e e  o ther  l o c a l  sources. 
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of t h e  f l y  ash was: 
MgO-0.945, Ti02-0.84%, 11a,0-0.66~, and P20,-0.34$. 
gm. The f l y  ash was d r i ed  and screened t o  remove agglonerates but  w a s  not otherwise 
processed. 

s io , -51 .7~ ,  A l 2 0 ~ 2 4 . 6 5 ,  Feros-15.95, cao-3.065, 1&0-2.385, 
The GET sur face  a rea  w a s  0.95 m z /  

The i r o n  oxides used were F isher  Cer t i f i ed  o r  I4CB Technical Grade with BFT 
su r face  areas of 10 and 8.5 mZ/@ respec t ive ly .  
maintain cons is ten t  d a t a  throughout t h e  inves t iga t ions .  Commercial i ron  oxides w i l l  
be  used f o r  l a t e r  tests. ) 

(These i ron  oxides were used t o  

Laboratory grade, high-swelling bentoni te  ( 2  grams t o  24 milli l i ters) o f  632 
Si02  and 19% A120s conten t ,  and t echn ica l  grade 40-42O Baume (3.22 SiOr/NaaO) sodium 
s i l i c a t e  so lu t ion ,  were used as add i t ives  t o  improve phys ica l  s t r eng th .  

The d r j  ingredien ts  were thoroughly mixed using a sp l i t - s l eeve  mixer, then 
t r a n s f e r r e d  t o  a s m a l l  por tab le- type  cement mixer. Water w a s  added t o  t h e  mixture 
t o  obta in  cor rec t  consistency f o r  ex t rus ion .  
inch diameter by 3/4-inch long  ex t ruda tes  through a mul t ip le  d i e  arrangement a t  t h e  
end of a 2-inch diameter by 6-inch long b a r r e l  and auger. 
d r i ed ,  then  s in t e red  at  temperatures and t imes requi red .  The crush s t r eng th  ( fo rce  
appl ied  across  the  d iameter )  was measured on a Tinius-Olsen t e s t i n g  machine. 

Figure 1 i s  a flowsheet o f  t h e  equipment used t o  conduct absorption and 

The ex t rus ion  apparatus produced 3/16- 

The s o l i d  ex t ruda tes  were 

regenera t ion  experiments with t h e  i ron  oxide-fly ash absorbents.  An entrainment 
carbonizer,  used i n  prev ious  coa l  carbonization research  ( 5 )  was adapted t o  simulate 
on a s m a l l  s ca l e  t he  production of ho t ,  raw producer gas (conta in ing  coa l - re la ted  
tars and p a r t i c u l a t e s )  or  c l ean ,  hot producer gas. 
producer gas were supplied from bo t t l ed  gases metered i n t o  a manifold and i n t o  t h e  
gas prehe&t.ter. Water w a s  metered and in j ec t ed  i n t o  t h e  gas prehea ter  t o  simulate 
t h e  amount of steam i n  a c t u a l  producer gas. 

Various gases t o  make up t h e  

When tars and p a r t i c u l a t e s  were required i n  t h e  experiment, coa l  was fed  i n t o  
t h e  carbonizer by a screw-type feeder .  The coal en tered  t h e  top  of t h e  carbonizer,  
4-inch diameter by 18-inches high which was e l e c t r i c a l l y  hea ted ,  and w a s  charred as 
it f e l l  through; char and ash were removed through a lock  hopper at t h e  bottom. 
o u t l e t  gas contained tars ,  l i g h t  o i l s ,  and p a r t i c u l a t e s  and t h e  gas make up was 
s i m i l a r  t o  ac tua l  producer gas.  Eighty percent of t h e  t o t a l  gas passed through t h e  
absorption bed; t he  o t h e r  20% provided a sample of t h e  input f o r  ana lys i s .  The 
absorption vesse l  was 2-inches in s ide  diameter by 45-inches long. 
screen 31-inches down from t h e  top  supported t h e  absorbent bed. The vesse l  was 
ex te rna l ly  heated by high temperature hea t ing  tapes .  
t apes  were covered with in su la t ion  t o  prevent excessive heat l o s ses .  
thermocouples were used t o  monitor bed temperatures. 

The 

A s t a i n l e s s  s t e e l  

Both the vesse l  and heating 
Five i n t e r n a l  

The input  gas sample system cons is ted  of a hea ted 'dus t  f i l t e r ,  an 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 ,  a water-cooled condenser, a s i l ica  g e l  t r a p  and a dry gas meter. The 
input gas w a s  analyzed f o r  IIzS only using t h e  Tutwiler method ( 6 ) .  
system following the  absorp t ion  bed was i d e n t i c a l  t o  t h e  input  sample system except 
t h e  gas stream passed through a bank of in f ra - red  gas analyzers  and w a s  analyzed for  
C o ,  C O z .  CHu and H 2 .  

The gas sample 

H z S  w a s  aga in  analyzed by t h e  Tutwiler method. 

On s t a r t -up ,  the  prehea ter  w a s  heated t o  95OoF and t h e  carbonizer chamber 
preheated t o  1,300°F. The absorbent bed w a s  heated t o  l,lOOoP before s t a r t i n g  t h e  
absorption period. The gas flow w a s  allowed t o  proceed u n t i l  a predetermined amount 
of HzS  was found i n  t h e  gas pass ing  through t h e  absorption bed, usua l ly  400 g ra ins  
HzS Per 100 standard cubic  f e e t  of gas. The input H2S concent ra t ion ,  as near as 
poss ib le ,  w a s  maintained at a l e v e l  decided upon before the  start  o f  t h e  experiment. 
HzS concentrations much higher than normal producer gas were used t o  shorten t h e  
time requi red  t o  complete an experiment. Results have been c ross  checked with those 
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made with producer gas Ii2S concentrations and no major d i f fe rences  i n  r e s u l t s  were 
obtained. Total  gas flow throuch the  system var ied  with the  experiment and ranged 
from 25 t o  35 scfh.  When t h e  predetermined 1i2S concentration w a s  reached, t h e  input 
gases were turned o f f  and a nitrogen purp,e s t a r t e d .  
minutes with nitrogen t o  prepare the  system f o r  t he  regeneration cyc le .  

The system w a s  purged f o r  30 

Figure 2 is a flow diagram f o r  t he  absorption t e s t s  made us ing  a 1,500 scfh 
s i d e  stream from the  LERC s t i r r e d ,  fixed-bed g a s i f i e r  ( 7 ) .  
at  i ts  e x i t  temperature of l , l O O +  by means o f  e l e c t r i c  hea te rs  and in su la t ion  sur- 
rounding t h e  pipe.  
absorbents i n  R 6-inch d i ane te r ,  k foot  h ich  s t a i n l e s s  s t e e l  absorber equipped with 
e l e c t r i c  s h e l l  hea t e r s  and insu la ted  for  temperature cont ro l .  
were regenerated by introducing air a t  7O0F i n t o  t h e  1-inch i n l e t  of t h e  absorber and 
p ip ing  the  SO,-rich gas t o  the  s tack  through t h e  1-inch e x i t  l i n e .  
piped i n t o  the  absorber i n l e t  f o r  bed temperature con t ro l  during regenera t ion .  
complete system w a s  maintained above l,OOO°F t o  prevent condensation o f  t he  tar  which 
would a f f e c t  the absorbents or plug t h e  l i n e s  t o  and from the  absorber.  The absorber 
contained 73  pounds o f  3/16-inch diameter absorbents ,  composed of 25:; i r o n  oxide and 
755 f l y  ash with 35, by weight, of  bentoni te  added as a binder.  
( sc fh  gas/cu. f t .  absorbent) of 1 ,900  was maintained throuehout t h e  tests. 

The gas was maintained 

The hot gas was broueht i n t o  contact with t h e  i ron  oxide-fly ash 

The su l f ided  absorbents 

I n e r t  gas was a l s o  
The 

A space ve loc i ty  

EXPERIbIENTU RESULTS 

Four important c r i t e r i a  must be met before an absorbent can be considered 
optimum for  process cons idera t ion .  The absorbent must b e  phys ica l ly  s t rong  t o  w i t h -  
s tand  handling, loading and cyc l i c  thermal degradation. The absorbent must have t h e  
necessary sur face  area containing i ron  oxide p a r t i c l e s  t o  e f f e c t i v e l y  r e a c t  wi th  H2S 
and provide enough absorptive capac iv j  f o r  economical opera t ions .  The absorbent 
should be regenerable so t h a t  mater ia l  and replacement cos t s  are at a minimum. 
F ina l ly ,  and equally important,  t h e  absorbent should have a s a t i s f a c t o r y  l i f e  
expectancy. 

Absorbents containing addi t ives  such as bentoni te ,  sodium s i l i c a t e  and magnesium 
s u l f a t e  were prepared and t e s t e d  f o r  t h e i r  e f f e c t  on phys ica l  s t r eng th .  The addi t ion  
of bentoni te  g rea t ly  increased both hardness and crushing s t rength .  
addi t ion  of 35 bentoni te  caused a sharp decrease i n  IInS absorption capac i t i e s .  The 
d a t a ,  as shown in  Table 1, ind ica t e  t h a t  bentoni te  does not  adversely e f f e c t  absorp- 
t i o n  capacity u n t i l  1.55 i s  added and t h e  l e s s e r  amounts a r e  e f f e c t i v e  i n  providing 
s t r en@h t o  the  absorbent.  
crush s t rength  of approximately 70 pounds per  one centimeter l eng th ,  as opposed t o  
around 16 pounds for a n  unt rea ted  ex t ruda tc ,  k-ithout a7preciable loss i n  absorption 
capacity.  On the  o the r  hand, t h e  addi t ion  of magnesium s u l f a t e  decreased t h e  
absorption capacity without benef i t ing  the  p!yrsical s t r eng th  of t h e  absorbent.  

However, t h e  

Sodium s i l i c a t e  a l s o  produced an ex t ruda te  having a 

The var iab les  e f f ec t ing  absorption capac i ty  t h a t  were t e s t e d  included poros i ty ,  
mount of i r o n  oxide contained i n  the  absorbent and steam concentrations of t h e  hot 
gas being desulfurized. Ten percent ,  by weight, of ordinary s t a r c h  w a s  added t o  and 
burned out from t h e  f l y  ash-iron oxide absorbent mixture t o  determine i f  add i t iona l  
poros i ty  could be obtained. This absorbent showed near ly  twice t h e  absorption 
capac i ty  of t h e  unt rea ted  absorbent,  however, it d id  not develop t h e  c rush  s t r eng th  
observed e a r l i e r  with a similar absorbent containing 1% bentoni te .  A f t e r  s i n t e r i n g  
f o r  2 hours,  the absorbent showed a decrease i n  absorption capac i ty  with very l i t t l e  
increase  i n  physical  s t r eng th .  

By addinc varying amounts o f  i ron  oxide mixed with f l y  ash i n  p r e p r i n g  an 
absorbent mixture, it was found t h a t  252 i ron  oxide with 757 f l y  ash showed t h e  
b e t t e r  absorption capacity.  
absorption capacity w a s  noted ( 2 ) .  
decrease was observed. I t  i s  believed t h a t  p a r t i c l e  s i z e  d i s t r i b u t i o n  o f  t h e  i ron  

When 332 i ron  oxide was used, a s i g n i f i c a n t  decrease i n  
I?hen 13;; i ron  oxide w a s  used, t h e  same s ign i f i can t  
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oxide and f l y  ash con t ro l s  t h i s  phenomenon. Another disadvantage of higher amounts 
of i r o n  oxide was t h e  lesser phys ica l  s t r eng th  ind ica t ed  by not iceable  amounts of 
absorbent degradation during t e s t i n g  while those a t  l e s s e r  percent were q u i t e  
r e s i s t a n t  t o  degradation. 

Abel (2 )  reported t h a t  producer gas containing steam reduced t h e  capac i ty  of 
the  absorbent t o  r e a c t  wi th  IIzS. 
about 25% i n  w e t  (8%) simulated gas. 
is a product o f  reac t ion  i n  t h e  absorption of HzS. 
inves t iga t ions  using improved absorbents a l so  showed reduced capacity.  
s h i f t  reac t ion ,  CO + HzO = COz + Hz, occurred with t h e  i ron  oxide-fly ash absorbent 
bed ca ta lyz ing  the r eac t ion  t o  show an approximate s h i f t  of 2% fo r  HZ and COZ.  
e f f e c t  may be bene f i c i a l  when t h e  end use  is feed s tock  f o r  a methanation p l an t  since 
the  Ha/CO r a t i o  is brought c l o s e r  t o  t h e  desired 3 t o  1 value fo r  t h e  dry COZ-free gas. 

A t  1,500°F t h e  absorption capacity w a s  reduced 
This phenomenon is not surpr i s ing  s ince  steam 

Tests performed under t h e  present 
The water-gas 

This 

Regeneration o f  t h e  s u l f i d e d  absorbents vas  accomplished by using air  o r  mixtures 
of air and nitrogen. 
t o  1,900°F i n  the  zone of regeneration. 
400°F. 

A i r  r egenera t ion  a t  12  sc fh  produced bed temperatures of 1,700° 
Lower flow rates reduced temperatures 100'- 

Dilution o f  air  with n i t rogen  had a similar e f f e c t .  

A t  900°F regeneration s t a r t e d  immediately and proceeded rap id ly ,  depending on 
the  space ve loc i ty ,  t o  completion. The higher t h e  rate of air in t roduct ion ,  t h a t  i s ,  
t he  g rea t e r  t h e  flow of oxygen, t h e  higher t h e  temperature of regeneration. The tem- 
pera ture  increased and. decreased r ap id ly  as  t h e  zone of reac t ion  passed through the  
bed and it was not known how w c h  damage t o  t h e  absorbent occurred at  high teEperatures 
for  shor t  durations.  
maximum temperature f o r  t h e  absorbents should be 1,500°F. 
with nitrogen was one method of con t ro l l i ng  t h e  maximum bed temperature without los ing  
t i m e  i n  regeneration a t  lower flow r a t e s .  Figure 4 shows a t y p i c a l  temperature pro- 
f i l e  on regeneration using 12  s c f h  a i r  flow rate compared with using 12  scfh  a i r  and 
12 s c f h  nitrogen o r  a t o t a l  of 24 scfh  flow rate. Number 1 thermocouple i s  near  the  
i n l e t  while 110. 5 thermocouple is loca ted  near t h e  e x i t  from t h e  bed. 
cons i s t en t ly  lower i n  a l l  regenerations.  
t he  p a r t i a l  regeneration o f  t h e  bed by unreacted owgen from t h e  main zone o f  regen- 
e r a t i o n  with possibly some c r e d i t  given t o  t h e  endothermic reac t ion  between FeS and 
sO2. 
according t o  t h e  following r eac t ion :  

It was pos tu la ted  t o  be around 1,800°F but a s a f e r  long-term 
The d i lu t ion  of t h e  air 

TC-5 w a s  
This w a s  be l ieved  t o  have been caused by 

Elemental su l fu r  was found i n  t h e  e x i t  p ip ing  and valves.  I t  would be produced 

3FeS + 2SO2 + Fe .0~  + 2.552 

Sul fur  balances ca lcu la ted  us ing  t h e  HzS input versus SO2 i n  t h e  o u t l e t  gas averaged 
about 95% recovery as S O a .  Severa l  batches o f  regenerated absorbents were analyzed 
for  t o t a l  sulfur after seve ra l  cyc les  o f  absorption and regeneration and t h e  su l fu r  
content was found t o  be less than  1:. This would ind ica t e  t h a t  v e r j  l i t t l e  su l f a t e  
was formed at the  high regenera t ion  temperatures used. 

Regeneration was e s s e n t i a l l y  completed i n  120 minutes when t h e  air  flow r a t e  
was 12 scfh.  A 1 t o  1 mixture of a i r  
and nit.rogen a t  24 sc fh  flow r a t e  requi red  a regeneration t i n e  o f  150 minutes. 
t he  normal absorption cyc le  requi red  about 5 hours,  enough time was ava i l ab le  t o  use 
any of t h e  above flow rates. Aside from c r i t i c a l  temperature design c r i t e r i a ,  
another consideration w a s  t he  SOz-enriclunent t h a t  was needed f o r  downstream conversion 
o r  reduction. 
using air f o r  regeneration; however, when d i lu t ion  gas was used, t he  SOa concentration 
w a s  proportionate t o  t h e  amount o f  d i luen t  used, being around 5k-h:; at 1 t o  1 d i lu t ion  
of air with nitrogen. Typical regeneration curves,  depicted by Figure 5 ,  showed tha t  
maximum SO2 concentration w a s  reached i n  l e s s  than 5 minutes and dropped from maximum 
t o  base  l i n e  i n  approximately 20 minutes. 
and d i lu t ed  a i r  regenera t ion  schemes. 

A t  6 sc fh ,  regenera t ion  requi red  190 minutes. 
Since 

The SOz concent ra t ion  in  t h e  e f f l u e n t  gas approximated 11?5-12$ when 

These time f a c t o r s  a r e  noted for  both a i r  

,1 
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The l i f e  expectancy of a s p e c i f i c  absorbent could only be determined with 
accuracy by continuous cycling u n t i l  t h e  absorption capac i ty  dropped below acceptab le  
limits or degradation and fusion caused opera t iona l  problems. 
terms of money and manpower. 
t ion-regeneration cyc les  using simulated producer Gas containing both coa l - re la ted  
tars and pa r t i cu la t e s  t o  study the  cyc l i c  e f f e c t  upon t h e  absorbents. 
used i n  t h i s  study were prepared by addinc lo$, by weight, of s t a rch  t o  an absorbent 
miXtUre Containing 25: i r o n  oxide and 755 f l y  ash. 
1,800°F f o r  30 minutes i n  an oxidizing atmosphere. 
a t  l,lOOoP throughout t h e  absorption cycle at an average flow rate of 15 S C f h .  

HzS concentration i n  t h e  i n l e t  gas stream was maintained at 2% and t h e  steam content 

This was Costly i n  
Iiowever, one absorbent bed has been through 30 absorp- 

Absorbents 

The absorbent w a s  s in t e red  a t  
The producer gas was  naintained 

The 

between 7 and u:,'. 
Regeneration a f t e r  each absorption cycle w a s  accomplished by us ing  a 12 S C f h  

air  flow r a t e  f o r  approximately 2 hours. 
Figure 3 indica tes  t h e  absorption capac i ty  of each cycle.  The inc reas inc  absorption 
capac i ty  throu&h the  f i r s t  few cycles w a s  believed due t o  the  r e s u l t  of burn-out of 
t h e  r e s idua l  s t a r c h  during regeneration where temperatures approached 1, %O°F for  
sho r t  periods.  The continuing starch-char burnout would open more pores f o r  b e t t e r  
gas  pene t ra t ion  t o  t h e  i r o n  oxide p a r t i c l e s  i n  t h e  absorbent. After 30 cyc les ,  t h e  
absorbent was i n  good condition without v i s i b l e  signs of de t e r io ra t ion  o r  caking. 
Table 2 l i s t s  6 of t h e  30 runs which were representa t ive  of t h e  t y p i c a l  information 
computed from t h e  raw d a t a  obtained during operations.  

The average absorption cyc le  l a s t e d  5 hours. 

Abel ( 2 )  e a r l i e r  reported t h a t  s in t e red  p e l l e t s  containing 25% i ron  oxide and 
75s f l y  ash underwent 174 absorption-regeneration cyc les  using hot ( l , O O O o - l  , 5OO0F) ,  
c lean  simulated producer gas without v i s i b l e  damage t o  t h e  p e l l e t s  o r  appreciable 
loss i n  absorptive a c t i v i t y .  The absorption capac i ty  averaged 85 f o r  those  t e s t s  
conducted a t  l,lOO°F. 
centimeters per gram after 30 absor2tion-regeneration cycles.  

The pore volume reached a constant value of 0.12 cubic 

Four 15-hour absorption runs were completed using a 1 ,500  scfh  sidestream of 
hot  (l,lOO°F) r a w  producer gas made by gas i fy ing  high v o l a t i l e  bituminous coal with 
air and steam i n  a 42-inch s t i r r e d ,  fixed-bed e a s i f i e r  (7) .  These runs were made 
pr imar i ly  t o  demonstrate t h e  f e a s i b i l i t y  of t h e  process at  much higher gas flow r a t e s  
and at  ac tua l  process conditions.  The four 15-hour runs were com9leted successfu l ly  
wi th  an average absorption capacity of 6.25 wt.-pct. 
removed f romthe  hot producer gas which averaced 0.5" H.S enter ing  t h e  absorber. 
Table 3 shows the  d a t a  and run conditions f o r  t h e  11 periods.  
i n  good condition f o r  t h e  duration of t h e  t e s t s  and were not adversely a f f ec t ed  by 
t h e  tars and p a r t i c u l a t e s  i n  t h e  e f f luen t  eas. The tars could be t o l e r a t e d  i f  t h e  
absorber bed temperature remained above l,OOOor. The f i n e  carbonaceous p a r t i c u l a t e  
accumulated i n  t h e  absorber bed during absorption w a s  burned of f  during t h e  regener- 
a t i o n  cycle. An i n s ign i f i can t  amount o f  ash res idue  remained i n  t h e  bed after regen- 
e ra t ion  which w a s  determined by v i sua l  inspec t ion  of t h e  bed a f t e r  completion o f t h e  
4 cycles.  
absorption periods but returned t o  1 . 5  p s ig  a f t e r  regeneration of t h e  absorbent bed. 

IIinety t o  945 o f  t h e  Has was 

The absorbents remained 

Pressure drop across t h e  bed increased t o  8-9 p s i g  at t h e  end of t h e  

coIIcLusIoI: 

The labora tory  tests conducted thus  f a r  i nd ica t e  t h a t  t h e  f l y  ash-iron oxide 
absorbent containing bentoni te  i s  an adequate absorbent f o r  removing H2S from raw 
producer gas at temperatures between l,OOO°F and 1,500°F. The phys ica l  s t r eng th ,  
expressed as t h e  c rush  s t rength  (measured across  the  d iameter ) ,  of 50 t o  100 pounds 
per one centimeter of length  i s  considered adequate t o  withstand handling, t r ans -  
po r t a t ion  and placement of t h e  absorbents.  The absorbent i s  regenerable and has an 
average capacity of 10 wt.-pct. This amount o f  absorptive capacity coupled wi th  an 
e f f i c i ency  of 90-945 permits ample t i m e  "on l i n e "  and provides an e f f l u e n t  gas which 
meets t h e  ex i s t ing  environmental a i r  standards.  



Thi r ty  and 174 absorption-reeeneration cyc les  were completed without v i s i b l e  
d e t e r i o r a t i o n  or loss of absorp t ive  capacity.  
i nd ica t e  t h a t  t h e  absorbents could withstand many more cycles .  
by *ion due t o  long time thermal cyc l ing  and/or micron s i z e  p a r t i c u l a t e  exposure 
needs t o  be inves t iga ted  f u r t h e r .  
l i m i t i n g  f ac to r s  on l i f e  expectancy of t h e  absorbents. 

Although not conclusive,  t hese  t e s t s  
Eventual pore closing 

These two occurrences would be t h e  most l i k e l y  

Laboratory work is now being performed t o  f ind a s u i t a b l e  s u b s t i t u t e  for t h e  
fly ash so t ha t  higher temperatures and f a s t e r  regeneration w u l d  be permissible.  
Finding cheaper sources of i r o n  oxide and comparing r e s u l t s  of these  oxides should 
be inves t iga ted  so t h a t  a v a i l a b i l i t y  of i ron oxide would be assured. F ina l ly ,  a 
p i l o t  p l a n t  hot gas cleanup f a c i l i t y  should be operated so t h a t  its f e a s i b i l i t y  
for commercial app l i ca t ion  would be demonstrated along with hardware development 
and scale-up design c r i t e r i a  es tab l i shed .  
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Bentonite, 
percent 

0.5 

1 .0  

1 .5  

3.0 

TABLE 1. - Effec t  of Bentonite on Absorption Capacity of Fly Ash- 
I ron  Oxide Absorbent Using Apparatus Shown i n  Figure 1 

Cas RUII 
f l o w  r a t e ,  dura t ion ,  

h r .  

17.19 4 .11  

15.30 5.75 

14.27 4.52 

17.58 3.15 

-- s t d .  cu . f t . /h r .  

Run 
dura t ion ,  

hr .  

6.28 

5.75 

5.75 

5-50 

6.00 

7.25 

Space 

_.-- 

Space 
ve loc i ty ,  

vol/vol/hr 

501 

563 

570 

587 

529 

549 

454 I 1265 

S absorption 
I Total 

11.9 

11.70 

10.5 97.2 

(1.20 94.1 

Absorption temperature -- l,lOO°F 
Satura t ion  poin t  -- 400 grains/100 s c f  
Weight of absorbent -- 700 grams 

TABLE 2. - Typical Data from Six of ThirtyAJbsorption Capacity Tests 
(Figure 1) Using Same Fly Ash-Iron Oxide Absorbent 
. . Containing 10  Percent S ta rch  

Gas 
f low r a t e ,  

s t d .  cu . f t . /h r .  

I 14.27 

15.97 

16.37 

16.38 

15.23 

'15.09 

-.___- 
HzS absorption 

1118 

1133 

1100 

1135 

1159 

1332 

10.35 

11. 04 

10.92 

10.51 

10.73 

12.33 

Gf f i  ciency 
gra ins  I w t . - p t .  I pc t .  ~ 

92.5 

95.0 

93.5 

?3.1 

94.2 

92.2 

To ta l  quan t i t i e s  
through bed 

31.5. 

20.2 

33.5 .5 :::z 1 :: 
Absorption temperature -- l,lOO°F 
Satura t ion  break-through point -- 400 gr/100 sc f  
Weight o f  absorbent -- 700 grams 

! 
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DUST TAR WATfR l 4 V D R W f I  SULFlDf 
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To flare stack 
t 

Figure 1. - Flow Diagram of A p p a r a t u I  
Measuring Absorption Capac i t 

Figure 2.  - Flow Diap.ram of Apparatus f o r  Testing So l id  
Absorbents Using Hot Producer Gas - 
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Figure 3. - Absorption Capacities Achieved During Thi r ty  
A ~ s o r p t i o n - R e R e n e r a t i o ~ ~ e s t  Runs Using t .  

Same Absorbent, with Operating 
Conditions Lis ted  i n  Table 2 
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Figure 4. - Comparison of Bed Temperature P ro f i l e s  
T i t h  __I_-_ and Without Di lu t ion  Gas 

f o r  Regeneration of Sulfided Absorbents 
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