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Candidate s o l i d s  f o r  absorp t ion  of hydrogen s u l f i d e  from a f u e l  
gas a t  e levated pressure  a r e  the  composite of i r o n  oxide and f l y  ash 
developed by the  U.S. Bureau of Mines ( l) ,  fu l ly-ca lc ined  dolomite 
(2-4),  and ha l f -ca lc ined  dolomite ( 2 . 5 ) .  

Half-calcined dolomite absorbs hydrogen s u l f i d e  by the  reac t ion :  

2 
[CaC03+MgO] + H2S = [CaS+MgO] + H 0 + CO 

For a given f u e l  gas  a t  a given pressure ,  desu l fu r i za t ion  by t h i s  
r eac t ion  i s  b e s t  accomplished a t  a temperature j u s t  a b i t  below the  
temperature a t  which calcium carbonate would decompose a t  the  par- 
t i a l  pressure of  carbon dioxide p reva i l i ng  i n  the f u e l  gas. 

2 

Regeneration of the  s o l i d  absorbent i s  by the  reverse  r eac t ion ,  
preferab ly  conducted a t  the  lowest poss ib l e  temperature i n  order  t o  
ob ta in  the  h ighes t  poss ib l e  concent ra t ion  of hydrogen s u l f i d e  i n  the  
o f fgas ,  f a c i l i t a t i n g  conversion of t h i s  spec ies  t o  elemental s u l f u r  
i n  a subsequent opera t ion .  

Absorption and regenera t ion  cyc les  a t  atmospheric pressure  and 
0 750 C g ive  the  r e s u l t s  seen i n  Figure 1. Although the  absorpt ion 

r eac t ion  is rap id ,  the  regenerat ion r eac t ion  is slow, r equ i r ing  more 
than 1 hour. There i s  a dec l ine  i n  capac i ty  of t he  s o l i d  t o  about 
23% of the  t o t a l  calcium a f t e r  6 cyc les .  

Cycling t r i a l s  a t  e leva ted  pressure  have been c a r r i e d  o u t  with a 
duPont therrnogravimetric analyzer  modified fo r  opera t ion  a t  t o t a l  
p ressures  up t o  30 atmospheres, wi th  high p a r t i a l  p ressures  of  steam, 
and with cor ros ive  gases  such a s  hydrogen s u l f i d e .  This equipment is 
descr ibed i n  re fe rence  6. 

I n  con t r a s t  t o  t he  r e s u l t s  a t  one atmosphere, cyc l ing  a t  e leva ted  
pressure  gives  l i t t l e  change i n  capac i ty  o r  r e a c t i v i t y  beyond the  
f i r s t  severa l  cyc les .  Figure 2 g ives  r e s u l t s  from 1 5  cyc les  c a r r i e d  
o u t  a t  300 ps ig  and 731OC. Absorption f o r  15  minutes was a l t e r n a t e d  
with regenerat ion f o r  10 minutes. The capac i ty  s e t t l e s  ou t  a t  40%. 
Figure 3 shows t h e  course of t he  r eac t ions  i n  t h e  f i r s t ,  7th. and 15th  
cyc les ,  and i l l u s t r a t e s  our f ind ing  t h a t  t h e  r eac t ion  r a t e s  do not  
change much with cycling: only capac i ty  changes. The regenera t ion  
r eac t ion  a t  300 p s i g  i s  extremely f a s t ,  running most of i t s  course i n  
t h e  order  of one minote. 

Figure 4 shows 30 cyc les  with absorp t ion  f o r  19  minutes and re -  
0 

generat ion fo r  5 minutes a t  550 C. The 1 9  minutes absorpt ion t i m e  

129 



0 includes 13 minutes a t  100 C and 6 minutes cool ing  t i m e .  

Figure 5 shows s u l f u r  capac i ty  versus  c y c l e  number for t h r e e  
runs,  and i l l u s t r a t e s  t h e  d e c l i n e  i n  c a p a c i t y  with d e c l i n e  i n  
regenerat ion temperature. 

Figure 6 i l l u s t r a t e s  t h e  course of  r e a c t i o n s  i n  t h e  l a s t  
cyc le  of each of  t h e  t h r e e  cyc les  p l o t t e d  i n  Figure 5. I t  is 
f a s c i n a t i n g  t h a t  t h e  observed r e a c t i o n  r a t e s  do n o t  seem much 
t o  depend upon temperature. This  suggests  t h a t  t h e  t r u e  r a t e s  
are extremely f a s t ,  and t h a t  t h e  observed rates are c o n t r o l l e d  
by d i f fus ion .  

In t h e  series of runs depic ted  i n  Figure 7, we v a r i e d  t h e  
r a t i o  of stem t o  carbon d ioxide  i n  t h e  regenera t ion  s t e p  t o  see 
i f  t h i s  i s  an important f a c t o r  i n  the  f i n a l  capac i ty  of  t h e  s o l i d .  
I t  appears from Figure  7 t h a t  t h e  capac i ty  s u f f e r s  a t  a l o w  r a t i o  
of steam t o  carbon d ioxide ,  such a s  25/15. Above about  5 0 / 5 0 .  t h e  
r a t i o  does n o t  s e e m  t o  have much e f f e c t ,  I t  may be noted t h a t  we 
have succeeded i n  a run of  1 5  cycles wi th  a steam p a r t i a l  p ressure  
i n  t h e  v i c i n i t y  o f  19 atmospheres. 

The e f f e c t  o f  temperature i n  absorp t ion  and regenerat ion i s  
shown in  Figures  8 and 9. In  both  f i g u r e s  the  dura t ion  of t h e  
absorpt ion and regenera t ion  s t e p s  a r e  21  and 4 minutes respec t ive ly ,  
t h e  t i m e  r equi red  f o r  hea t ing  and cool ing being included i n  t h e  
absorpt ion t i m e .  Increas ing  absorp t ion  temperatures reduces 
capacity.  The d a t a  i n  F igure  8 show a “ d e a c t i v a t i o n  energy” of  
2 2  kcal/gmole. Capaci ty  i n c r e a s e s  wi th  regenera t ion  temperature, 
b u t  the  temperature  e f f e c t  i s  not  as s t r o n g  as i n  absorpt ion.  
From the d a t a  of Figure 9,  t h e  “ a c t i v a t i o n “  energy i s  9 kcal/gmole. 

Figure 10 shows t h e  l a s t  cycle r e a c t i o n  r a t e s  f o r  t h e  four  
runs p l o t t e d  i n  Figure 8. F igure  11 shows t h e  c a p a c i t y  versus  
c y c l e  number f o r  t h e  s a m e  runs. 

The e f f e c t  o f  steam and CO l e v e l  on regenera t ion  rate w a s  
explored i n  t ~ , e  presence of p s r ? i a l  pressures  of H ~ S .  Figures  1 2  
and 1 3  show f i v e  regenera t ion  s t e p s  f o r  t h e  same s tone  i n  which 
only t h e  regenera t ion  atmosphere w a s  changed from one cyc le  t o  
t h e  next. The sample r e a c t i v i t y  w a s  f i r s t  s t a b i l i z e d  by conducting 
6 cycles  i n  t h e  same regenera t ion  atmosphere (50% H20, 40% C 0 2 ,  
10% H2). 
Lower i n i t i a l  rates r e s u l t  from t h e  presence of H S a s  w e l l  as 
decreased H30 and CO p a r t i a l  p ressures .  With high CO pressures  
(Figure 1 2 )  ,- increas ing  t h e  steam p a r t i a l  p ressure  increases  t h e  
i n i t i a l  ra te  and t h e  capac i ty .  The e f f e c t  i s  much more dramatic 
a t  l o w  C 0 2  pressures  (Figure 1 3 ) .  

I n  a l l  cases t h e  a s o r p t i o n  condi t ions  w e r e  unchanged. 

2 
2 2 
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The complexities of the kinetic situation illustrated in 
Figures 12 and 13 are reminiscent of the "kinetic curiosities" 
reported eariler for the absorption reaction (5) ,  and like them, 
the new complexities appear to reflect differences in the way in 
which crystallites of CaC03 or Cas grow within the solid micro- 
structure. Examinations or microstructural properties of solids 
arising in this research will be reported elsewhere (I). 

Acknowledqments 

This research was supported by the Empire State Electric 
Energy Research Corporation, Project EP4-3. We thank Richard 
D. Harvey and his colleagues at the Illinois State Geological 
Survey for their cooperation. 

1. 

2. 

3 .  

4. 

5. 

6 .  

7. 

REFERENCES - 
W.T. Abel, F.G. Schultz, P.F. Langdon, 1 . S .  Bureau Mines Rep. 
Invest. 7947. 1974. 

A.M. Squires, Adv. Chem. Ser., vol. 69 (1967), p. 205. 

A.M. Squires, R.A. Graff, M. Pell, A.1.Ch.E. Symp. Series, vol. 
67, no. 115 (1971), p. 23. 

M. Pell, R.A. Graff, A.M. Squires, "Reaction of CaO with H - S " ,  
in Sulfur & SO, Developments, A CEP Technical Manual, 
p. 151. 

1971,L 
L 

L.A. Ruth, R.A. Graff, A.M. Squires, Environmental Sci. & Tech., 
vol. 6 (1972), p, 1009. 

S. Dobner, G. Kan, R.A. Graff, A.M. Squires, Thermochemica Acta. 
in press. 

R.D. Harvey, G. Kan, R.A. Graff, A.M. Squires, "Behavior of 
Dolomite in Absorption of H S from Fuel Gas", Proceedings 
of the AIME Fall Meeting, Sept. 1-3, 1976. Denver Colorado. 2 

131 



ABSORPTION------CREGENERATION 
T S O 2 ,  I A T M  750'C. I ATM 

5%U25 50% C02 
10% u.2 40% H20 

10% Nz 
1 5 A C 0 ~  107. up 

Figure 1. S u l f u r  absorp t ion  and regenera t ion  cycles  f o r  half- 
0 

ca lc ined  dolomite a t  1 atm and 750 C. 

Figure 2. Molar f r a c t i o n  of calcium s u l f i d e  i n  ha l f -ca lc ined  dolomite 
used i n  1 5  cyc les  f o r  absorp t ion  of  hydrogen s u l f i d e  from 
simulated f u e l  gas. 
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Figure 3 .  Course of  r e a c t i o n s  i n  f i r s ' t ,  7th.  and 1 5 t h  cyc les  of 
Figure 2 .  
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Figure  4.  Molar f r a c t i o n  of  calcium s u l f i d e  i n  ha l f -ca lc ined  dolomite 
used i n  30 c y c l e s  f o r  absorp t ion  o f  hydrogen s u l f i d e  from 
simulated gas.  
p resent ,  cool ing took about 6 minutes w i t h  H S mixture 
present .  

Heating took about two minutes without  H2S 
2 
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Figure 6. Cycle of absorption and regeneration f o r  each of the three 
runs of Figure 5. 
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Figure 7.  Capacity versus  cyc'le number f o r  four  runs with steam/carbon 
dioxidefiydrogen r a t i o s  i n  regenera t ion  gas a s  shown along- 
s i d e  the  curves.  
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Figure 8. Var ia t ion  i n  s o l i d  capagi ty  wi th  absorp t ion  temperature,  
f o r  regenerat ion a t  560 C .  Absorption = 21 minutes( in-  

c lua ing  lleatiny and coo l ing ) ;  regenerat ion = 4 minutes. 
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Figure 9. 
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Times a r e  same as i n  Figure 8 .  



Figure 

Figure 12. 
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E f f e c t  of steam on regenerat ion r a t e  a t  high CO 
pressure  i n  presence o f  H 
sample. Absorption a t  70@;, 0.5% H 2 S .  5% C02, 48% H2, 

p a r t i a l  
Three cyc les  of b e  same 

balance N2. 137 



Figure 13. ‘Effect of steam on regenera t ion  r a t e  a t  l o w  CO p a r t i a l  
2 pressure  i n  presence o f  H S .  Same sample and absorpt ion 

condi t ions as  i n  F igure  13. 

138 


