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WHY HOT-GAS CLEANUP? 

At cu r ren t  consumption l eve l s ,  proven U.S. n a t u r a l  gas reserves  a re  e s t i -  
mated t o  last 8 years . ( l )*  
not f e a s i  s ince  the  U.S. o i l  supply, slowly dwindling, i s  s u f f i c i e n t  fo r  only 
10 years.?'! Thus, i f  continued gas supply i s  des i red ,  coa l  gas i f i ca t ion  may be 
the  only immdiately f eas ib l e  a l t e r n a t i v e .  

Gas i f i ca t ion  of oils w i t h  neg l ig ib l e  su l fu r  content i s  

Lurgi and Kopper-Totzek (K-T) g a s i f i e r s  a r e  among the  o lder  c o m r c i a l l y  
proven processes. The Lurgi process produces low- or medium-Btu gases contaminated 
with varying amounts of s u l f u r  compounds such a s  hydrogen s u l f i d e  (H2S) and carbonyl 
s u l f i d e  (COS). The Lurgi gas is a t  a higher pressure  (350 ps i )  and lower tempera- 
t u r e  (750 t o  1100 F depending on coa l  type) than K-T gas which i s  a t  1 atmosphere 
and 2500 F. Both processes produce gas with a heating value (HHV) of 300 Btu/scf 
when us ing  oxygen. The Lurgi process can a l s o  produce a 180 Btu/scf gas when a i r  
blown. 

These medium- and low-Btu gases can be used i n  many ways. The high- 
pressure-low-temperature Lurgi gas, a f t e r  removal o f  i t s  H2S, t a r ,  and dus t  content 
is wel l  suited f o r  synthes is  of methane t o  produce s u b s t i t u t e  na tu ra l  gas (SNG). 
Also, because of i t s  high pressure ,  t he  gas can be desul fur ized  by any of t h e  es- 
tab l i shed  wet processes,  although t h i s  requi res  cooling t h e  gas t o  200 F o r  -50 F,  
depending on t h e  l iqu id  scrubbing process chosen. In con t ra s t ,  i f  t he  gas is de- 
su l fu r i zed  and cleaned u n t i l  f r e e  of pa r t i cu la t e s  a t  c lose  t o  the  g a s i f i e r  e x i t  
temperature, t h e  sens ib l e  heat of t h e  gas can be u t i l i z e d  t o  e f f i c i e n t l y  generate 
e l e c t r i c  power i n  a combined-cycle power p l an t  or t o  avoid the  la rge  heat-exchange 
hardware requirements i n  a SNG production scheme. 

The K-T gas,  a t  atmospheric pressure and 2500 F,  needs compression t o  450 
psig and coaling before t h e  wet desu l fu r i za t ion  and subsequent methanation s teps  i f  
SNG i s  t h e  desired product.  The p r io r  compression and cooling may be less a t t r a c t -  
i ve  compared with the  d i r e c t  u t i l i z a t i o n  of t h e  K-T gas in a power p lan t  b o i l e r  i f  
a means can b e  found t o  desu l fu r i ze  and c lean  the  crude gas a t  near g a s i f i e r  e x i t  
temperature. In t h e  l a t t e r  event ,  t he  sens ib le  hea t  of the  medium-Btu gas (45 
Btu/scf o r  15 percent of i t s  hea t ing  value) could be  use fu l ly  employed. The K-T 
g a s i f i e r  can gas i fy  any type of s o l i d  f u e l  (caking coa l s ,  chars ,  petroleum coke, 
tar ,  o i l s ,  and s l u r r i e s )  and has quick s t a r tup  and shutdown c a p a b i l i t i e s .  The K-T 
g a s i f i e r  i s  expected t o  be  a s u i t a b l e  source of f u e l  gas t o  many power p l an t s  in 
western United S t a t e s  now using n a t u r a l  gas ;  t h e  r e t r o f i t  d i f f i c u l t i e s  a r e  estimated 
t o  be minimal. 
using over 65 percent of t he  n a t u r a l  gas supply convert  t o  low-Btu gas,  about 5 
t r i l l i o n  cu f t  ( 3 5  percent )  of n a t u r a l  gas would be freed f o r  o ther  u ses . ( l )  

I f  t h e  e l e c t r i c  u t i l i t y  indus t ry  and other i n d u s t r i a l  markets now 

Doubtless, t h e  K-T gasifier--hot-gas-cleanup approach needs t o  compete 
with t h e  emerging f lue-gas  desu l fu r i za t ion  (FGD) processes which permit t h e  use of 
s u l f u r  containing coa l .  Curren t ly ,  t he  FGD processes generate la rge  volumes of 
secondary wastes, including sludges and l i qu id  purge streams. 
of FGD versus t h e  K-T gasifier--hot-gas-cleanup system may demonstrate t he  l a t t e r  

* References a r e  l i s t e d  a t  t h e  end. 

A de t a i l ed  evaluation 
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approach t o  be favorable,  s ince  it does not produce s ign i f i can t  secondary wastes; 
the  choice could be largely s i te  spec i f i c .  

I f  hot-gas-cleanup systems can be developed t o  remove s u l f u r  compounds 
in  crude gases,  t o  less  than t h e  0.1-ppm leve l ,  they may a l s o  be appl icable  t o  the 
SNG production processes. S ign i f i can t  savings appear poss ib le  by e l imina t ing  the  
cooling s tep  or minimizing the  degree of cooling and heat exchange. 

T h e  above arguments suggest t h a t  t h e  development of a hot desu l fu r i za t ion  
process has merit .  Also, a s  evidenced i n  the  development of FGD processes and t h e i r  
wide but slow acceptance, a f ac to r  t h a t  favors t h e  development of new systems is 
t h a t  when a well-proven system e x i s t s ,  t h e  bes t  use w i l l  be made of i t .  
Research and Development Admin's r a t i o n  (ERDA) has been inves t iga t ing  hot-gas H2S- 
removal techniques s ince  1967.t2f Others independently involved i n  t h e  study a r e  
the  University of Kentucky (s ince  1972), A i r  Products and Chemicals, Inc. ,  and 
Conoco. B a t t e l l e ' s  work began in  1974 as  a r e s u l t  of funding under the  B a t t e l l e  
Energy Program" i n i t i a t e d  ea r ly  i n  1973. This paper descr ibes  the  r e s u l t s  of t he  
Ba t t e l l e  inves t iga t ions  on the  development of sorbents f o r  removal of H2S a t  high 
temperature from coa l  gases. 

The Energy 

EXPERIMENTAL FACILITY 

T h e  B a t t e l l e  experimental f a c i l i t y  i s  presented in  Figure 1. It cons i s t s  
of a gas-mixing sec t ion ,  a prehea ter ,  and a fixed-bed tubular  g l a s s  r eac to r .  Both 
the  reac tor  and preheater operate i n  t h e  range 100 t o  1800 P, and p rec i se  con t ro l  
of temperature of the  gas and sorbent bed is  poss ib le .  The prehea ter  and reactor 
used a re  made of c l e a r  quartz tube ,  50-rmn I D .  Quartz was chosen a f t e r  s t a i n l e s s  
s t e e l  reac tors  (Types 304 and 446) were found t o  r eac t  severely with H2S. 
t i c u l a r  hazard was observed with the  opera t ion  of the  u n i t  when t h e  gases were 
properly scrubbed and vented. 

No par -  

EXPERIMENTAL PROCEDURES 

Cer t i f i ed  standard gas mixtures** were used t o  obtain simulated coa l  gas 
of t h e  following composition i n  volume percent:  
and H S, 1.5. 
t a i n e i  by air-blown process. 
exac t ly ;  the H S content i s  r a t h e r  high and a l s o  f r e e  of t h e  usua l  moisture,  t a r ,  2 and dust present i n  ac tua l  coa l  gases.  
w a s  t ha t  Ba t t e l l e  s tud 'e  
s u l t s  of ERDA studies.t2f A gas chromatographic ana lys i s  confirmed t h a t  actu.al gas 
composition was c lose  t o  the  desired values.  

H , 1 7 ;  CO, 26.0; C O  , 5.0; N p ,  50.5; 
T h e  la rge  amount of n i t rogen  suggeszs simulation of a ?ow-Btu gas ob- 

The gas does not resemble any ac tua l  producer gas 

The r a t iona le  fo r  choice of t h i s  composition 
were designed t o  generate da ta  f o r  comparison with the  re- 

Matheson flow c o n t r o l l e r s  were he lp fu l  

* Research described here was supported by The Ba t t e l l e  Energy Program (BEP). T h e  
Program has been es tab l i shed  t o  car ry  out major R&D e f f o r t s  aimed a t  developing 
p rac t i ca l  so lu t ions  t o  some of t h e  extremely ser ious  energy shor tage  and u t i l i z a -  
t i on  problems expected t o  e x i s t  i n  the United S ta t e s  during 1975-1995. 
Memorial I n s t i t u t e  has a l loca t ed  mi l l i ons  of i t s  m. funds t o  support t h i s  e f f o r t  
because of  the importance of t he  energy problem t o  the  nation. The primary 
emphasis of BEP is on the  development of coa l  as a c lean  f u e l  source s ince  coal 
holds the grea tes t  promise f o r  f i l l i n g  the  gap between the U.S.  energy require- 
ments and the a b i l i t y  t o  meet these requirements in t h e  t i m e  period of i n t e r e s t .  
Additional energy sources being inves t iga ted  under the  program inc lude  so la r  
energy. 

Battelle 

fi Matheson Gas Products,  J o l i e t ,  I l l i n o i s ,  was t h e  vendor. 
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FIGURE 1. FLOW DIAGRAM OF THE HIGH-TEMPERATURE H2S-REMOVAL ASSEMBLY 
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i n  maintaining flow accuracy and p rec i s ion  t o  wi th in  2 3  percent on t h e  t o t a l  flow. 
H2S was fed as a 25  percent gas mixture i n  n i t rogen  and the  H2S i n  t e s t  gas was 950 
grains/100 scf with a prec is ion  of 210 gra ins .  

(3)  H S i n  t h e  i n l e t  and o u t l e t  streams was measured by the  Tutwi le r  method. 
The method cons i s t s  of grab sampling 100 cc of t he  gas i n  a g lass  bulb connected t o  
a bu re t t e  containing standard iodine so lu t ion .  
t i o n ,  is t i t r a t e d  with the  iodine to a blue end poin t .  Each m i l l i l i t e r  of the iodine 
so lu t ion  (prepared by d i l u t i n g  13.5 m l  of 0.1 N so lu t ion  t o  100 m l  w i th  d i s t i l l e d  
water) i s  equivalent to 100 g ra ins  of H S/100 scf of gas. 
a s  low as 2 grains/100 scf  of gas, or 33 ppm of H S .  

2 

The gas, co l lec ted  over s ta rch  solu- 

The method can de tec t  H2S 
2 

The quartz preheater and r eac to r  were packed with quartz wool t o  provide 
a hea t - t ransfer  surface.  The t e s t  sorbent ,  100-gram charge, was supported on a 
honeycomb s t ruc tu re  made of quartz tube t o  provide even gas d i s t r ibu t ion .  The sorbent 
bed was located +-2 inches about t h e  cen te r  of t he  r e a c t o r ' s  length. The thermocouple 
t i p  was about 0.5 c m  above the  bed. The temperature p r o f i l e  through the  bed ind ica ted  
t h a t  the  bed was near ly  uniform i n  temperature,  and the  gas entered and ex i ted  the 
bed at  near ly  the  r eac t ion  temperature. A 12-point recorder  provided temperature read- 
out.  

To insure a proper b a s i s  f o r  comparison of r e s u l t s  on sorbent performance, 
t h e  experiments were performed a t  uniform opera t ing  conditions (1500 F reac t ion  temp- 
e ra tu re ,  cold gas flow of 1 l i te r /min .  a t  7 0  F and 14.7 ps ia  and 950 g ra ins  H2S/100 
s c f ) .  
l en t  t o  an operating GSV of 2000 V / V / h r  varying s l i g h t l y  with bed volume. 
ance run was terminated when the  ou t l e t -gas  H S concent ra t ion  approached 100 gra ins  
a t  an in le t -gas  H S content of 950 gra ins .  T i e  regenera t ion  run was ended when t h e  2 
su l fu r  dioxide in  t h e  regenerator gas dropped from 6 volume percent t o  0.05 percent.  
Sul fur  dioxide was a lso measured by the  Tutwiler method. Af te r  one cyc le  of accept- 
ance and regeneration, t he  sorbent was subjected t o  s ieve  ana lys i s  t o  determine 
a t t r i t i o n .  

The cold-space ve loc i ty  was 600 gas volumes per volume of bed per hour, equiva- 
The accept- 

SORBENT PREPARATION 

Sorbents were prepared u t i l i z i n g  CP o r  reagent-grade chemicals. These, 
a s  dry  powder (-200 U.S. s i eve ) ,  were weighed and mixed together with 1 gram each o f  
s t a rch ,  bentonite,  and sodium s i l i c a t e  per 100 grams of t he  mixture. The r e su l t i ng  
mix was made in to  a pas te  w i t h  d i s t i l l e d  water. The pas te  was e i t h e r  pe l l e t i zed  o r  
extruded. The p e l l e t s ,  a f t e r  oven-drying a t  250 F ,  were s in te red  a t  1800 F (or 1600 F) 
fo r  2 hours. The s in t e red  p e l l e t s  were screened t o  - 6  + 10 U.S. s i eve  mesh. The 
ex t ruda tes  (1/8 inch i n  diameter and about 1/4  inch long) were a l so  d r i ed  and s in t e red  
s imi l a r ly  and screened t o  remove a l l  minus 10-mesh p a r t i c l e s .  The sorbent was f ree  
flowing and reasonably strong. The average dens i ty  was about 0.9 cc/g.  

EXPERIbENTAL RESULTS AND DISCUSSION 

A s  a f i r s t  s t e p ,  f i v e  blank runs were performed with t e s t  gas.  The re- 
ac to r  was not charged with sorbent.  Resul t s  with Type 304 s t a i n l e s s  s t e e l  and o ther  
reac tor  mater ia l s  (Table 1) show t h a t  s t a i n l e s s  s t e e l s  a r e  unsui tab le  as experimental 
r eac to r s  but t h a t  quartz r e s i s t s  H S a t t a c k  s a t i s f a c t o r i l y .  The steel reac tor  walls 2 f laked o f f  and thermocouple wells were damaged by corrosion. 

1' 
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TABLE 1. TEST RESULTS WITH BLANK REACTOR 

S t a i n l e s s  S t e e l  
Parameter Type 304 Type 446 Quartz 

Diameter ( I D ) ,  inches 1.26 2.0 2 .1  

Length of Hot Zone, inches 16.0 16.0 16.0 

G a s  Flow Ra te  
A t  70F, 1 A t m ,  cm3/min 750 750 1000 

-_- I+ innn _--- 3 8 0 
H S absorbed, percent 

A t  1500 F 90 90 5 

Tes t  Dura t ion ,  hours 
A t  1000 F 15 8 3 
A t  1500 F 27 10 4 

(a) During t h e  f i r s t  11 hours, t he  removal was 99.5 percent;  
a gradual  drop t o  15 percent occurred i n  t h e  next 4 hours. 
A t  1500 F ,  no s ign i f i can t  reduct ion  i n  removal w a s  observed. 
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H2S Acceptance Experiments 

With t h e  quartz r eac to r  (using quartz thermocouple we l l s ) ,  21 experiments 
were conducted t o  study t h e  H2S acceptance-regeneration c h a r a c t e r i s t i c s  of t h e  11 
sorbents l i s t ed  in Table 2. The USBM sorbent was provided by t h e  Morgantown Energy 
Research Center (ERC)." The f l y  ash used i n  the  sorbent contained approximately 52 
percent S i O 2 ,  25 percent Al2O3, 15 percent FepO3, w i t h  t h e  remainder being CaO, 
NO, K20, e tc . (4)  
l i n e  performance da ta  a t  1500 F 
with s t a i n l e s s  steel reactors(21 were suspected t o  be too  high. 

This sorbent w a s  s tud ied  i n  four experiments t o  e s t a b l i s h  base- 
s ince  t h e  reported d e s u l f a c i t y w  r e s u l t s  obtained 

A comparison of da t a  reported by USBM (now ERDA) with those obtained i n  
BCL s tud ies  (Table 3) f o r  t h ree  sorbents,  including f l y  ash- - i ron  oxide sorbent,  in- 
d i ca t e s  t h a t  the  influence of H S uptake by the  r eac to r  at  1500 F i s  a s ign i f i can t  2 f ac to r  i n  the reported desu l f ac i ty  r e s u l t s .  Contrary t o  a reported increase  i n  de- 
s u l f a c i t y  a t  higher temperature, the  BCL d a t a  e s t ab l i sh  t h a t  a s i g n i f i c a n t l y  higher 
H s removal occurs a t  1000 F than a t  1500 F. Thermodynamic cons idera t ions  support 
tiese d a t a  in t h a t  t h e  predicted equilibrium conversion i s  high (approaching 100 per-  

This i s  modified by the  f a c t  t h a t  the  
r eac t ion  i s  exothermic, h e p g  lower temperatures permit a c t u a l  r e a l i z a t i o n  of t h e  
p red ic ted  high conversion. 

fo r  a l l  sorbents containing component X (used i n  BCL sorbents) a t  a l l  Zemperatures. 
Also, BCL experiments show t h a t  pure i ron  oxide a t  1000 F permits a very low exit-H S 2 concentration. In  c e r t a i n  appl ica t ions  of c o a l  gas,  t he  low H S l eve l  may be an ad- 
vantage. 
bents  i s  presented i n  Figure 2 .  

. cent )  a t  temperatures of 1000 F and higher. 

The da ta  i n  Table 3 a l s o  ind ica te  a s i g n i f i c a n t l y  low e x i t  H S concent ra t ion  

A graphical comparison of t he  low e x i t  H S concentragion of var ious  sor- 2 

Regeneration Resul t s  

A comparative p l o t  of t h e  regenera t ion  curves of var ious  sorbents  i s  pre- 
sented i n  Figure 3. A l l  of these  experiments were performed a t  uniform conditions 
of 1 l i te r /minute  of a i r  inflow a t  70 F, 1 atm,.and 1000 F sorbent bed temperature. 
The da ta  do not provide conclusive evidence on comparative regenera t ion  charac te r -  
i s t ics  of t h e  sorbents.  
more pronounced i n  the  a rea  of regeneration than i n  the  a rea  of H2S acceptance. 
major ambiguity is i n  re ference  t o  Curves 5 and 6 f o r  t he  regenera t ion  of sorbent 
BCL 29 E .  
c a t ion  of the  same experiment, a r e  obviously very d i f f e r e n t .  However, while t h e  
sorbent i n  Curve 5 was regenerated immediately a f t e r  the  end of t he  acceptance run 
(with no overnight cooling of t h e  sulfided sorbent ) ,  the  sorbent i n  Curve 6 w a s  cooled 
overnight between the  acceptance and regenera t ion  runs. 
was de l ibera te .  

This  ind ica tes  t h a t  the  need f o r  fu r the r  experimentation i s  
The 

These two curves,  which should have been c lose ly  s imi la r  because of r e p l i -  

Neither of these  occurrences 

Although the  reasons f o r  t he  super ior  regeneration c h a r a c t e r i s t i c s  of 
Curve 5 a r e  not c l e a r ,  t h i s  curve represents  a des i r ab le  regenera t ion  t rend .  The 3 
percent SO2 i n  e x i t  gas f o r  over 5 hours followed by a sudden concent ra t ion  drop 
should help i n  fur ther  processing of t he  SO -bearing gas t o  e i t h e r  s u l f u r i c  acid or 2 su l fu r .  The su l fu r  balance, based on 23.7 grams of H S absorbed by t h e  su l f ided  . 

2 

* 
** 

Courtesy of Ernest  Oldaker, ERG, ERDA, Morgantown, West Virg in ia .  

Desulfacity is defined as grams of H S removed from t h e  gas by 100 grams of 
sorbent charge, o r  weight percent H2z-removal capac i ty  e i t h e r  a t  breakthrough 
or when e x i t  gas H2S concentration reaches 100 grains/100 sc f .  
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TABLE 2. LIST OF SORBENTS STUDIED 

Siz 

P e l l e t  
Sorbent Designation -&lo U.S. Sieve 

USBM #0074* 

BCL #8WB** X 

BCL 1/20 X 

BCL P20E 

BCL # 2 1  X 

BCL 1/23 X 

BCL #25E 

BCL #26E 

BCL #27E 

BCL #28E 

BCL #29E 

Extrudate, 
1/8" Diam., 
1/4" Long 

3/16" diam. 
x 1/2"  long 

X 

X 
X 
X 
X 
X 

* U.S. Bureau of Mines Sorbent Batch No. 0074 conta ins  
75 percent f l y  ash and balance i ron  oxide. 

** BCL ( B a t t e l l e  Columbus Laboratories) Sorbents. The 
composition of these Sorbents a re  withheld f o r  pro- 
p r i e t a r y  reasons.  
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USEM 0074, Curve I 
BCL 20, Curve 2 

- 
- 
- 100scf 

ECL 29 E, Curve 7 

Time of H2S Acceptance Run, hours 

FIGURE 2 .  I$S - ACCEPTANCE CURVES 

USBM 0074, Curve I 

BCL 21. Curve 2 

ECL 29 E,  Curve 

ECL 20 Curve 

0 30 60 90 120 150 180 210 240 270 X X )  ? 
Regenerotion Time, rnlnutes 

FIGURE 3.  SORBENT REGENERATION CURVES 

* For these runs, %S acceptance temperature was 1000 F, while  f o r  the 
remaining, i t  was 1500 F. A l l  regenerat ion runs were done a t  1000 F. 
Gas and a i r  flow r a t e s  and a l l  o the r  condi t ions were the  same f o r  a l l  
runs shown here. Also, Regeneration-Curves 5 and 6 a r e  discussed on Page 6 .  
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sorbent,  ind ica tes  t ha t  80 percent of t he  su l fu r  absorbed is  accountable i n  the  re- 
generator ex i t  gas as  SO2. 
t i on ,  thus accounting fo r  another 1 percent of t h e  s u l f u r .  

Also about 0.25 gram of su l fu r  was formed during regenera- 

Sulfur balance ca l cu la t ions  fo r  Curve 1 (USBM 0074) show t h a t  85 percent of 
t h e  su l fu r  absorbed was accountable a s  SO i n  t h e  regenera tor  e x i t  gas .  The formation 
of su l fur  i n  the  case of t he  sorbent represented by Curve 5 needs fu r the r  eva lua t ion  
t o  determine whether d i r e c t  su l fu r  formation is poss ib le  dur ing  regeneration. 

2 

Studies  on Sorbent A t t r i t i o n  

In an ac tua l  connnercial processing scheme, sorbent a t t r i t i o n  i s  an important 
property cont r ibu t ing  t o  the  r a t e  of sorbent makeup required.  I f  a t t r i t i o n  occurs dur- 
ing H2S removal, t he  coa l  gas w i l l  ca r ry  add i t iona l  p a r t i c u l a t e  load which may in t e r -  
f e r e  with the  u t i l i z a t i o n  of t h e  gas. Idea l ly ,  an a t t r i t i o n  loss of zero  i s  des i rab le .  
However, ca t a lys t  a t t r i t i o n - l o s s  r a t e s  of 0.3 w t  %/hr  (0.09 lb /bbl  feed) i n  f lu id ized-  
bed cracking a re  known t o  be to l e rab le .  I n  high-temperature coa l  gas desu l fur iza t ion ,  

' an a t t r i t i o n  loss of ,  say, 1.0 lb /mi l l ion  scf  of gas t rea ted*  may be perhaps to l e rab le .  
It appears preferable t h a t  such loss occur during regenera t ion .  

1 In the  experiments reported here,  t h e  sorbents ( f r e sh  and a f t e r  one cycle of 
acceptance-regeneration) were subjected t o  s i eve  ana lys i s .  
i n  Table 4 .  
t h e  da t a  show. However, when the  two a r e  mixed, t he re  i s  ne i the r  d i s in t eg ra t ion  nor 

formation on t he  extrudates.  I n  the  case of sorbent BCL 29 E ,  t he  f i n e s  formed in  
Experiment 36 were very high, while i n  Experiment 37, a r e p l i c a t e ,  no f ines  were formed 
at a l l .  
before regeneration i n  Experiment 37, whereas i n  Experiment 36, t he re  w a s  no t i m e  lag  
between the  acceptance and regeneration runs.  Once aga in  these  d a t a  ind ica t e  the  need 
f o r  fu r the r  s tud ie s  of t h e  regeneration mode. The s t r eng th  of sorbent BCL 20 appears 
b e t t e r  i n  comparison with t h a t  of most o ther  sorbents.  

The r e s u l t s  a r e  suounarized , Pure Fe203 and pure Component X d i s i n t e g r a t e  a s  wel l  as  agglomerate, a s  

> agglomeration. The USBM sorbent showed considerable p a r t i c l e  d i s in t eg ra t ion  and f l ake  

I This could probably be due t o  the  overnight cooling of the  absorbed sorbent 

H S-Acceptance Thermodynamics -2 

The performance of t h e  mixture of Fe 0 -Component X is enhanced over the 
performance of ind iv idua l  components, par t icu l&?y i n  regard t o  phys ica l  s t rength .  
While t h i s  i s  an acc identa l  discovery,  t h e  ac tua l  reasons are specula t ive  and Com- 
ponent X may be a s t a b i l i z i n g  agent. 
stream i s  lower fo r  t he  mixture than fo r  both pure Fe203 and f l y  ash-Fe203 sorbent 
formulations. 

The p a r t i a l  p ressure  of H2S i n  t h e  e x i t  gas 

The reac t ion  mechanism of H S with Component X is not understood. 
free-energy da ta  fo r  component X a re  not ava i l ab le  t o  compute equi l ibr ium conversions. 
Experimental da ta  a t  1500 F show t h a t  the  equi l ibr ium conversion of H S with Component 
X i s  hfgher than with Fe203; however, the  e f f e c t  of steam on H2S conversion with 
Component X cannot be predicted,  and ac tua l  experiments a r e  needed t o  obta in  the  da t a .  

considerable thermodynamic da ta  a re  ava i l ab le .  According t o  ICI, 
' fresh i ron  oxide2$; 03) i s  converted t o  FegO4 i n  the  presence of hydrogen above 
350 F.(6) Thus, i n  t t e  range of 650 t o  1500 F ,  Fe304 i s  t h e  sorbent.  

* A t  10 w t  % desu l f ac i ty ,  fo r  an i n l e t  gas containing 280 grains/100 scf H2S 

Also 2 

2 

For Fe 0 

(0.45 vol  %) t h i s  i s  equivalent t o  an a t t r i t i o n  loss of 0.025 w t  % per cycle.  
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3 Fe203 + H2 4 2 Fe304 + H20 

\ 

Fe304 + H + 3 H2S -, 3 FeS + 4 H20 2) 2 

According t o  t h i s  r eac t ion ,  each mole of Fe 0 
theo re t i ca l  desu l f ac i ty  i s  40 percent by we?ggt. 
following reac t ion  takes  place: 

r e a c t s  with 2 moles of H2S; the  
However, USBM r e p o r t s  t h a t  t h e  

Fep03 + 3 H2S FeS + FeS2 i- 3 H20 3) 

on t h i s  bas i s  t he  desu l f ac i ty  of Fe 0 The amount of 
water evolved by e i t h e r  r eac t ion  is2tze same. 
+ Fe 0 s ent  (64 grams H S removed per 100 grams Fe 0 ) support t h e  USBM reac t ion  

would be 60 percent by weight. 
Actual experimental d a t a  on t h e  f l y  ash 

mxh:n?sm"' which can be ugi l ized  f o r  computing the  equilibrium 2 3 .  conversions.  
0 

For Reaction 3) .  t h e  standard free-energy change (AF a t  25 C and 1 
' atmosphere) i s  -26,270 caljg-mole. Thus, 

K = exp (s) = 

K a t  1000 F (537 C) can be 

RT 1.85 x loL9 a t  

computed using 

. n H0 

dT RT 
d l n K  = -  , 

t h e  equilibrium constant 

25 C.  

t h e  equation 

where P H ,  the hea t  of reac t ion  can be shown t o  be subs t an t i a l ly  cons tan t  over 
the temperature range under study. Thus, 

9 
KIOOO = 8.6 x 10 . 

The high K value ind ica t e s  t h a t  conversions a r e  very high and approach 100 percent. 
These reac t ions  are heterogeneous and the  change i n  number of moles of gas i s  zero. 
Therefore, there  should be no e f f e c t  of pressure  on conversion. 

BaO,  C a O ,  COO, Cu20, NaZO, N i O ,  and Zn02a$l show high equi l ibr ium conversions.  Two 
oxides (MgO and Z r O  ) show pos i t i ve  standard free-energy changes, i nd ica t ing  thermo- 
dynamic in feas ib i l i zy .  
these  sorbents i s  thermodynamically f eas ib l e .  

The above ca l cu la t ions  f o r  Fe 0 a l s o  hold fo r  o ther  dry oxides.  Thus, 

Regeneration ( r eac t ion  with oxygen) of t h e  s u l f i d e s  of a l l  

E f fec t  of Steam on Conversion 

Coal gases usua l ly  conta in  steam, a t  l e a s t  10 percent by volume. Since 
steam is a product of t he  r eac t ion  of oxides w i t h  H S ,  t h e  presence of steam i n  feed 
gas can reduce H2S conversion. 
1000 F (K = 8.6 x l o 9 ) ,  fo r  a gas containing 5000 ppm H S and 10 percent steam, the  2 equilibrium H2S content i n  e x i t  gas i s  4.6 ppm based on t h e  USBM reac t ion  mechanism. 
I f  t h e  IC1 reac t ion  is  used, t he  equi l ibr ium H2S i n  e x i t  gas  i s  >300 ppm. 
cu la t ions  cannot be made fo r  Component X s ince  thermodynamic da ta  are not ava i lab le .  
Fur ther ,  the  behavior of a mixture of mater ia l s  r eac t ive  with H2S as a sorbent i n  
presence of steam i s  more complex than thermodynamics can predic t .  

2 For the  i ron  oxide sorbent,  ca l cu la t ions  show t h a t  a t  

These cal- 

1 
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A CONCEPTUAL PROCESSING SCHEW 

It i s  important no t  only t o  have a good sorbent but a l s o  a processing 
scheme i n  which it can be used. Many processing schemes can be v isua l ized  t o  de- 
s u l f u r i z e  hot coa l  gases .  One such scheme i s  presented i n  Figure 4. The sorbent 
( p e l l e t s  or ex t ruda tes )  moves a t  a slow r a t e  i n  a moving bed and discharges i n t o  
a fluidized-bed regenera tor .  A i r  a c t s  as  t h e  f lu id i z ing  medium and supplies t h e  
oxygen f o r  t he  s u l f i d e  oxida t ion .  The scheme has t h e  advantages of a continuous 
process but reduces a t t r i t i o n  problems during H2S removal. 
a r e  introduced i n t o  t h e  hot gas stream. T h i s  scheme i s  intended mainly f o r  atmos- 
pheric pressure gases l i k e  K-T gas. The design of t h e  H S-acceptance zone can be 
c r i t i c a l  t o  the  successfu l  performance of t he  process.  

Thus, no dust p a r t i c l e s  

2 

CONCLUSIONS 

A good desu l fu r i z ing  sorbent should regenerate w e l l ,  have a long l i f e  
( a c t i v i t y )  and high desu l f ac i ty .  The SO concent ra t ion  i n  regenerator e x i t  gas 
should be high with a sharp breakthrough? Also,  t he  equilibrium H S concentration 
i n  e x i t  gas during acceptance should be  low, even in  the  presence of steam i n  feed 
gas. The a t t r i t i o n  r e s i s t a n c e  should be high. 

The f l y  ash--Fe O3 sorbent d i d  not show as good a r e s i s t ance  t o  a t t r i t i o n  
a s  BCL 20 sorbent.  The B8L 20 sorbent showed lower e x i t  equi l ibr ium HZS concentra- 
t i o n  and performed b e t t e r  a t  1000 F than  a t  1500 F .  The super ior  performance a t  
lower temperature i s  i n  accordance with the  thermodynamic r u l e  t h a t  fo r  exothermic 
r eac t ions ,  t h e  a-t tained equFliSrium cmvers ion  i s  higher a t  lower temperacure. The 
add i t ion  of Component X improved the  sorbent composition. 

2 

In conclusion, i n  t h i s  study, an e f f o r t  has been made t o  de f ine  proper t ies  

The commercial f e a s i b i l i t y  o f  the process can  be demonstrated by using the  
of a good sorbent,  develop such a sorbent and conceptualize a processing scheme fo r  
i t s  use. 
sorbent i n  such a scheme over a number of acceptance-regeneration cyc les .  The follow- 
ing reconmendations a r e  made toward achieving t h a t  end. 

RECOWENDATIONS 

The use of high-temperature H S removal technology should be inves t iga ted  2 f o r  t h e  following cases .  

Packaged coa l -gas i f  i ca t ion  p lan ts  (medium- and low-Btu gases) 
Synthetic na tura l -gas  production. 

High-temperature'H S removal i s  a novel technology with good po ten t i a l  t o  
compete with other desu l fu r i z ing  processes. 
economic study of the novel technology --=-e other  processes ( l i k e  Rect i so l )  i s  
needed. 
remove H S t o  l e s s  than 1-ppm leve ls .  Both the  Process engineering/economics study 
and the  experimental program t o  screen sorbents should proceed concurrently.  
e f f o r t s  a r e  needed t o  explore  t h e  f u l l  p o t e n t i a l  of t h i s  emerging technology and 
measure i t s  impact on t h e  n a t i o n a l  energy needs. 

Low-Btu g a s i f i c a t i o n  and gas u t i l i z a t i o n  in  e l e c t r i c  power p l an t s  

2 An o v e r a l l  process engineering and 

Also needed is  an experimental program t o  develop so l id  sorbents t h a t  can 
2 

Intense 
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