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ABSTRACT 

The open-cycle magnetohydrodynamic power p l a n t  o f f e r s  a unique means of 
p r o f i t a b l y  recovering s u l f u r  from i t s  e f f l u e n t  gases. 
a f f i n i t y  t h e  potassium o r  cesium seeding m a t e r i a l s  have f o r  s u l f u r  and t h e i r  ease  
of regenerat ion.  These compounds a r e  added t o  make t h e  gas  e l e c t r i c a l l y  con- 
duc t ive  and, because of  t h e i r  c o s t ,  must be recovered and recycled to the  MHD 
generator .  
from t h e  seed-slag mixture  before  the  seed-slag mixture  i s  recycled t o  t h e  MHD 
generator  i s  descr ibed and experimental ly  confitmed. As a r e s u l t  of t h i s  process 
the  seed maintains  i t s  capac i ty  to  remove s u l f u r  from the  combustion products and 
a s u l f u r - f r e e  e f f l u e n t  gas  i s  produced. 
mental d a t a  i s  presented. 
condi t ions  f o r  a s u l f u r  recovery r e a c t o r  f o r  a 1000 N e  MHD power s t a t i o n .  

This  i s  due t o  the  high 

A process  which removes the s u l f u r  with hydrogen as hydrogen s u l f i d e  

A k i n e t i c  i n t e r p r e t a t i o n  of  t h e  exper i -  
This  d a t a  is used t o  spec i fy  t h e  des ign  and operat ing 

The k i n e t i c  model i s  shown t o  apply a l s o  t o  t h e  regenera t ion  of the  absorbent 
i n  t h e  a l k a l i z e d  alumina process  present ly  under development f o r  removing s u l f u r  
dioxide from power p l a n t  s t a c k  gases .  

INTRODUCTION 

The bas ic  na ture  of t h e  operat ion o f  a n  MHD-topped power p l a n t  o f f e r s  a means 
not  a v a i l a b l e  i n  a conventional power p l a n t  of recovering s u l f u r  from t h e  com- 
bus t ion  products. . 

I n  an MHD-topped power p l a n t ,  the  canbust ion products a r e  seeded with a 
potassium o r  c e s i u m  seed t o  make them e l e c t r i c a l l y  conductive. 
and whatever s l a g  contaminants it conta ins  are then recovered and recycled t o  the 
MHD generator .  For economical opera t ion  of  t h e  MHD-topped power p l a n t  t h i s  re- 
covery of  seed must be  e s s e n t i a l l y  canplete .  
(1-3) i n d i c a t e  t h a t  i f  t h e r e  i s  any s u l f u r  i n  t h e  combustion products ,  t h e  potas-  
sium or  cesium seed w i l l  condense as the  s u l f a t e  and t h a t  t h i s  r e a c t i o n  can  be 
s toichiometr ic .  

The condensed seed 

Experimental and t h e o r e t i c a l  s t u d i e s  

We propose tak ing  advantage of the  chemistry and na ture  of  t h e  MHD-topped 

To 
power p l a n t  opera t ion  t o  e l imina te  a i r  p o l l u t i o n  from s u l f u r  oxides  as w e l l  as t o  
provide an economically a t t r a c t i v e  means of recovering t h e  s u l f u r  i n  coal .  

1 achieve these  g o a l s  it i s  necessary t o  remove t h e  s u l f u r  from t h e  seed-slag mixture  
1 before  recyc l ing  t h e  mixture  t o  t h e  generator .  To be most d e s i r a b l e ,  t h i s  process 

should remove t h e  s u l f u r  from t h e  seed-slag mixture i n  a form t h a t  can be r e a d i l y  
converted t o  a s a l a b l e  product. I 

This paper descr ibes  our  experimental and k i n e t i c  ana lyses  of a process t o  
convert t h e  s u l f u r  i n  the  seed-s lag  mixture t o  hydrogen s u l f i d e  with a hydrogen 
feed gas. The hydrogen s u l f i d e  can  then be separated from t h e  hydrogen by s t r i p -  
ping with an ethanolamine s o l u t i o n  and converted t o  e lemental  s u l f u r  v i a  t h e  con- 
vent iona l  Claus oxida t ion  process. 
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The k i n e t i c  model developed i n  t h i s  s tudy i s  a l s o  appl ied  t o  the  regenera t ion  
of a l k a l i z e d  alumina with hydrogen. 

EXPERIMENTAL PROCEDURE 

Prepara t ion  o f  Simulated Seed-Slag Mixture 

To simulate  a seed-slag mixture  such as would be recovered from an MHD p l a n t  e), a 4.6/1 mole r a t i o  of  Si02/K2S04 was mixed by b a l l  m i l l i n g  and then fused a t  
2,100% (the approximate dew p o i n t  of  K2SO4 i n  combustion products  of s u l f u r -  
conta in ing  f u e l s )  f o r  48 hours. The fused mixture was aga in  b a l l  mi l led  and then 
formed i n t o  1/8 x 114 c y l i n d r i c a l  p e l l e t s .  
the  experiments. 

Operation 

These p e l l e t s  c o n s t i t u t e d  t h e  feed f o r  

Except where otherwise noted 55 g of  sample were charged t o  t h e  r e a c t o r ,  
which was f o r  most o f  t h e  tests a "Vycor" tube 15/16 inches I.D. 
heated under n i t rogen  p r e s s u r e  t o  t h e  d e s i r e d  temperature and hydrogen w a s  then 
admitted t h r u  a quick opening va lve .  
0.2 g mole/min f o r  a l l  t h e  t es t s  as this  was found t o  approximate d i f f e r e n t i a l  
opera t ion  and, a t  t h e  same t i m e ,  t o  g i v e  measurable (0.1 t o  2 mole percent )  
hydrogen s u l f i d e  concent ra t ions .  Except where otherwise noted by d a t a  p o i n t s ,  
gas  samples were taken every two minutes over the  f i r s t  t h i r t y  minutes and every 
10 minutes  t h e r e a f t e r .  The system w a s  designed t o  minimize backmixing e f f e c t s  
and t h e  gas analyses  i n d i c a t e  t h a t  these  effectsrrere  negl ig ib le .  

The r e a c t o r  w a s  

Hydrogen flow rates were maintained a t  

The s u l f u r  removal r a t e  w a s  c a l c u l a t e d  from t h e  d a t a  by the  formula 

= GYH2S/WS0 

where r i s  t h e  H2S formation rate i n  g-moles H2S g-sample, min., G is  t h e  gas  flow 
r a t e  i n  g-moleslmin, v2s is  the mole f r a c t i o n  of  hydrogen s u l f i d e ,  and Us0 i s  the  
i n i t i a l  weight of s o l i d  sample. 
of s o l i d  res idence  time was obtained by g r a p h i c a l l y  i n t e g r a t i n g  r. 

The conversion t o  hydrogen s u l f i d e  as a funct ion 

RESULTS AND DISCUSSION 

The k i n e t i c  model i s  based p r i m a r i l y  on t h e  following experimental 
observat ions:  

(1) The i n i t i a l  r e a c t i o n  r a t e  i s  zero  and increases  over  a time i n t e r v a l  t h a t  
depends on temperature to  a maximum v a l u e ,  e.g. a t  875'C, f i g .  7, t h i s  time i s  one 
minute o r  less, a t  8OO0C, f i g .  6 ,  i t  i s  approximately 6 minutes. S i m i l a r  behavior 
i s  a l s o  shown i n  f i g s .  1 thru  5 f o r  o t h e r  temperatures. 

(2) The maximum conversion l e v e l  t h a t  can  be achieved is a l s o  a func t ion  of 
temperature. 
before  t h e  r e a c t i o n  r a t e  decays t o  zero ,  a t  760° t o  800°C roughly 50 percent  of 
the  s u l f u r  can  be converted t o  H2S. 

For example, a t  8 7 5 %  only 4 percent  o f  t h e  s u l f u r  can be converted 

1 



One i n t e r p r e t a t i o n  of t h e  above experimental resul ts  is  t h a t  i n i t i a l l y  t h e  
s u l f u r  i s  i n  a s t a t e  which w i l l  not  r e a c t  t o  form hydrogen s u l f i d e .  
exposure t o  the  reac t ion  condi t ions  the  o r i g i n a l  i n a c t i v e  s u l f u r  compound t r a n s -  
forms t o  an a c t i v e  intermediate  which r e a c t s  t o  form hydrogen s u l f i d e .  Thus, the  
hydrogen s u l f i d e  production rate r e f l e c t s  t h e  concent ra t ion  of a c t i v e  intermediate  
which starts a t  zero,  rises t o  a maximum, and then decays with increas ing  time. 

However, upon 

) 

\ 
The decay of the  hydrogen s u l f i d e  product ion r a t e  t o  zero before  su l fur  con- 

, vers ion  i s  complete can be accounted f o r  by assuming t h a t  concurrent  with t h e  
formation of a n  active intermediate ,  which reacts with hydrogen t o  form hydrogen 
s u l f i d e ,  is  t h e  formation of  a s u l f u r  compound which i s  r e f r a c t o r y  t o  hydrogen. 
With these  assumptions about the  chemistry several equal ly  p l a u s i b l e  r e a c t i o n  
models can  be proposed. 
f e r e n t  models are a l l  o f  t h e  same form making i t  impossible t o  d i s t i n g u i s h  be- 
tween them on k i n e t i c  grounds. 

However, t h e  rate equat ions corresponding t o  these  d i f -  \ 

Also, although a t tempts  by x- ray  a n a l y s i s  have been made, chemical i d e n t i -  
f i c a t i o n  o f  the  a c t u a l  spec ies  present  has  not y e t  been achieved. Thus, we chose 
t o  use the s imple&phys ica l ly  f e a s i b l e  r e a c t i o n  scheme t o  d e r i v e  t h e  r a t e  equat ions 
with which t o  analyze t h e  da ta .  

1 

;' 
I n  d e t a i l .  what w e  assume i n  our  model i s  t h a t  t h e  s u l f u r  i s  i n  an i n i t i a l  

state I which, under r e a c t i o n  condi t ions ,  i s  transformed i n t o  
conta in ing  species  A as w e l l  as a s u l f u r  spec ies  R r e f r a c t o r y  
chemical reac t ions  occurr ing i n  t h e  system are 

k l  I +  
k 

A + H 2  2, 

1 -  k3 

I 
where kl, k2 and k3 are r e a c t i o n  
r e a c t i o n s  to  be  f i r s t  o rder  with 

A ,  

H2S I 

R, 

rate cons tan ts .  We take  a l l  
respec t  t o  the concent ra t ion  

a n  a c t i v e  s u l f u r  
t o  hydrogen. The 

o f  t h e  above 
o f  s o l i d  reac tan ts .  

S ince  the  hydrogen p a r t i a l  p ressure  i n  t h i s  series of  experiments i s  main- 
ta ined  cons tan t ,  k l ,  k2, and k3 are completely determined by t h e  temperature 
a l though i n  genera l  they are a l s o  dependent upon hydrogen p a r t i a l  pressure.  

The reac t ion  of  primary i n t e r e s t  is (2) s i n c e  it i s  t h i s  r e a c t i o n  which re- 
moves s u l f u r  f r a n  t h e  s o l i d  sample and produces t h e  hydrogen s u l f i d e  which can  be 

, converted t o  t h e  d e s i r e d  elemental s u l f u r .  A t  cons tan t  hydrogen p a r t i a l  pressure 
t h e  rate of hydrogen s u l f i d e  production i s  taken t o  be 

The concent ra t ion  of  A as a func t ion  of time can b e  found by so lv ing  t h e  following 
d i f f e r e n t i a l  equat ion 

which descr ibes  A ' s  n e t  formation where t h e  concent ra t ion  of I is obtained by 
so lv ing  t h e  d i f f e r e n t i a l  equat ion,  

- */ Q u a n t i t i e s  i n  parentheses  are concent ra t ions  of s o l i d  r e a c t a n t s  measured i n  

I 
i 
I 
I ,  g -a101 es /g - s o l i d .  
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d e s c r i b i n g  1's disappearance. 
t h e  i n i t i a l  concent ra t ion  o f  s u l f u r  i n  the s o l i d .  
i n  (5) g i v e s  

From (6) we have '(I) = (I )e-(k1+k3)t where (I,) i s  
SubstBtut ing this  va lue  f o r  (I) 

whose s o l u t i o n  i s  

Thus, i n  view of  (4) ,  w e  see that t h e  rate o f  hydrogen s u l f i d e  production i s  
given by 

- 
r =  - . - k 2 t j  (7) 

For t h e  regenerat ion of fused K2SO4-SiOp mixtures  our  d a t a  i n d i c a t e  that i n  
t h e  neighborhood of 8OO0C kl+k3 i s  approximately equal  t o  k2. 

S i n c e  

we u s e  t h e  formula 

r = klkg(Io) t  e-k2t 

f o r  t h e  rate of hydrogen s u l f i d e  product ion when k l f k 3  = k2. 

Equation (7) o r  (8) i f  a p p r o p r i a t e ,  i s  used t o  c o r r e l a t e  t h e  d i r e c t l y  
measured r a t e  d a t a .  I n t e g r a t i o n  of (7) o r  (8) enables  us  t o  compare pred ic ted  
conversion t o  hydrogen s u l f i d e  with experimental ly  determined conversion obtained 
by g r a p h i c a l  i n t e g r a t i o n  of  t h e  measured rate da ta .  
k1k2(10) 

t h e  b e s t  least squares f i t  of  (7) o r  (8) t o  t h e  rate da ta .  

Values f o r  t h e  c o e f f i c i e n t  

or klkp(IO) and t h e  exponents (kl+k3) and kg are s e l e c t e d  on the b a s i s  of k2-kl-kq 

Calcula ted  va lues  o f  hydrogen s u l f i d e  genera t ion  r a t e s  us ing  these cons tan ts  
are shown f o r  t h e  fused K2SO4-SiO2 mixtures  i n  f i g s .  1 t h r u  7 f o r  temperatures of 
700°, 725O, 760°, 775', 800°,  and 875'C. Examination of t h e s e  r e s u l t s  i n d i c a t e s  
cons iderable  s c a t t e r  i n  t h e  ra te  d a t a  between 725O and 80OoC.  We a t t r i b u t e  t h i s  
s c a t t e r  to  t h e  la rge  v a r i a t i o n  i n  r e a c t i o n  rate with temperature which is c l e a r l y  
ev ident  i n  f i g s .  1 t h r u  7. Not only does t h e  shape of  t h e  r e a c t i o n  rate versus  
t i m e  curve  change d r a s t i c a l l y  i n  t h e  temperature span from 700' t o  875OC but  there 
i s  also a pronounced v a r i a t i o n  i n  t h e  magnitude of t h e  r e a c t i o n  rates. 
v a r i a b i l i t y  of  r e a c t i o n  r a t e  wi th  temperature coupled w i t h  our  i n a b i l i t y  to reduce 
temperature  g r a d i e n t s  i n  the  sample much below 10" t o  2OoC make i t  impossible  t o  
e x e r c i s e  b e t t e r  c o n t r o l  over r e a c t i o n  ra te  f l u c t u a t i o n s .  Running many d u p l i c a t e  
de te rmina t ions  of  rate versus  time as  i s  shown i n  f i g .  6 at 800'C and using t h e  
average  v a l u e  f o r  each time t e n d s  t o  smooth t h e  rate d a t a  considerably.  

This 
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are 
(8) 

Experimental l e v e l s  of s u l f u r  production g o t t e n  by i n t e g r a t i n g  t h e  rate d a t a  
compared i n  f i g .  8 with those ca lcu la ted  by a n a l y t i c a l l y  i n t e g r a t i n g  (7 )  and 

The agreement between predic ted  conversion and measured conversion is  w e l l  . 
w i t h i n  the experimental e r r o r ,  e s p e c i a l l y  when one considers  t h a t  t h e  e r r o r s  i n  
t h e  i n t e g r a l  d a t a  are cumulative and t h a t  r e l a t i v e l y  few d a t a  p o i n t s  pas t  31 o r  41 
minutes are taken. The scatter t h a t  does e x i s t  would have been f u r t h e r  reduced i f  
t h e  least squares f i t  were based on t h i s  i n t e g r a l  d a t a  r a t h e r  than on t h e  rate 
d a t a .  
t h e  e f f e c t  of  r e a c t o r  s i z e  on s u l f u r  production over a wide range i n  shape of 
r ( t , T )  curves. 

Thus, the  der ived r a t e  equat ions can be used with good accuracy t o  p r e d i c t  

Ef fec t  of  Temperature 

I n  f i t t i n g  (7)  and (8) t o  t h e  rate d a t a ,  t h e  groups involving t h e  r e a c t i o n  
and k3 them- v e l o c i t y  cons tan ts  are evaluated r a t h e r  than t h e  cons 

se lves .  

kl+k 
k2 d e n  the c o e f f i c i e n t  klk2(10) and t h e  exponent k2 are t h e  q u a n t i t i e s  ca lcu la ted .  

That i s ,  i f  kp # kl+k3 then t h e  c o e f f i c i e n t  and t h e  exponents 

and k2 are t h e  terms determined by t h e  least  squares  f i t ,  whereas i f  kl+k3 = 

The e f f e c t  o f  temperature on kl+k3, kg, and -k i s  shown i n  f i g s .  9 and 

( Io)k lkx  
k2 -kl-k3 

2- 1 3 
10, respect ively.  The reason f o r  the hyperbol ic  behavior of the  group 

becomes clear when one takes  i n t o  account t h a t  f o r  s m a l l  va lues  of kl+k3 r e l a t i v e  
t o  kp i t s  e s s e n t i a l  behavior i s  t h a t  of ( I o ) k l  b u t  as kl+k-, increases  t h e  

dominating e f f e c t  becomes t h e  f a c t  t h a t  +k LpI ~ k2 k2-kl-k3 = m. Although (8) 
1 3  

i s  s t r i c t l y  appl icable  only when kl+k3 = kp, it does provide a s a t i s f a c t o r y  f i t  
even t o  d a t a  w e l l  away from t h i s  c o n s t r a i n t .  Thus t h e  problem of  the inherent  

can be avoided by using 
(1, ) klkZ 
k2-kl-k3 

inaccuracy i n  t h e  eva lua t ion  o f  l a r g e  va lues  of 

(I0)k1k2 
(8) when kl+k3 i s  near k2. For kl+k3> k2, k2-kl-k3 i s  nega t ive  and f o r  la rge  

- (1o)klkZ. nus 
kl+k3 

va lues  of kl+k3 re la t ive t o  kg i t s  e s s e n t i a l  behavior i s  t h a t  of 

f o r  high temperatures (above 800°C i n  our s tudy)  t h e  va lues  of  t h i s  group l i e  on a 
curve which i s  similar t o  t h e  r e f l e c t i o n  o f  i t s  graph generated at low tempera- 
t u r e s  (below 800°C) i n  t h e  opposi te  quadrant. 
independent of temperature. This  i n d i c a t e s  t h e  r e a c t i o n  f o r  t h e  production of 
hydrogen s u l f i d e  may be gas  f i l m  o r  p a r t i c l e  d i f f u s i o n  c o n t r o l l e d  above 725°C. 

A t  temperatures above 725"C, k2 is  

Knowing t h e  i n i t i a l  concent ra t ion  of  s u l f u r ,  (IO), al lows t h e  c a l c u l a t i o n  of  
s e p a r a t e  va lues  f o r  k l  and k3. 
va lues  on temperature. 
func t ion  of t i m e  and temperature can be explained. 

Fig.  9 shows the  dependence o f  t h e s e  separa te  
With t h i s  information the  behavior of t h e  system as a 

For example, t h e  experimental l i m i t a t i o n s  o f  s u l f u r  conversion to  hydrogen 
s u l f i d e  are explained i n  terms of t h e  formation o f  t h e  s o l i d  s u l f u r  compound R 
which w i l l  not  react with hydrogen. acc rd ing  t o  
our  model, d(R)/dt  = k3(I)  and, as w a s  seen from ( 6 )  (I) = (Io)e-fP1+k3yt. Thus 
t h e  concent ra t ion  of  r e s i d u a l  s u l f u r  i s  

The rate of formation of  R i 
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The maximum conversion l e v e l  t o  hydrogen s u l f i d e  i s  achieved when t = and 

(Io>(R)(t=m) = k3 
i s ,  a t  any given temperature, kl+k3 . The maximum conversion 

(10) 
l e v e l  of  s u l f u t  t o  hydrogen s u l f i d e ,  shown i n  f i g .  11, i s  therefore  a func t ion  of 
temperature  only. This  maximum i s  approximately 80 percent  and should occur 
around 73OoC, 
wel l  before  t h e  maximum conversion w a s  approached. 
t u r e s  s tud ied  residence times were s u f f i c i e n t l y  long t o  enable  c l o s e  approach t o  
maximum conversion. 
f i g .  11. 

Unfortunately,  o u r  experiments a t  700" and 725OC were terminated 
However, a t  t h e  o t h e r  tempera- 

These d a t a  a r e  compared with those pred ic ted  by t h e  model i n  

Both t h e  marximum conversion d a t a  i n  f i g .  11 and the  r e a c t i o n  r a t e  d a t a  i n  
f i g s .  1 t h r u  7 i n d i c a t e  t h a t  o p e r a t i n g  at  temperatures e i t h e r  above 800°C o r  
below 725'C would not be p r a c t i c a l .  
level of  t h e  p a r t i c u l a r  c o a l  used and t h e  e f f e c t  o f  r e a c t o r  s i z e  on t h e  process 
economics. 

The optimum temperature depends on t h e  s u l f u r  

S ince  t h e  constancy of k2 with r e s p e c t  t o  temperature i n d i c a t e s  t h a t  t h e  
r e a c t i o n  r a t e  t o  form hydrogen s u l f i d e  may be gas f i lm o r  p a r t i c l e  d i f f u s i o n  con- 
t r o l l e d ,  i t  i s  o f  i n t e r e s t  t o  s e e  what advantages may accrue by opera t ing  r e a c t o r s  
a t  increased g a s  v e l o c i t i e s  o r  with f i n e r  p a r t i c l e s  i n  order  t o  increase  kg. For 
va lues  o f  k2 much g r e a t e r  than kl+k3 and f o r  t > 0 t h e  rea a t e  t o  form 
hydrogen s u l f i d e  i s  approximately given by rma = kl(Io)e -FE;rF&, f t . Thus, increases  
i n  the  s p e c i f i c  gas flow r a t e  above t h a t  used i n  our present  experiments o r  
opera t ion  wi th  f i n e r  p a r t i c l e s  should a t  most allow conversion r a t e s  t o  increase  
t o  t h e  v a l u e s  ind ica ted  by rmax. However, even with t h e  higher  va lues  of  k2 t h e  
m a x i m u m  conversion t o  hydrogen s u l f i d e  w i l l  remain f ixed because i t  depends only 
on k l  and k3. 

Appl ica t ion  o f  t h e  Model t o  t h e  Regenerat ion of Alkal ized Alumina 

Hydrogen s u l f i d e  formation rates w i t h  hydrogen and s u l f u r - s a t u r a t e d  a l k a l i z e d  
alumina were measured a t  680°C to  see i f  t h e  same k i n e t i c  model could b e  used t o  
d e s c r i b e  t h i s  apparent ly  similar r e a c t i o n  system. The c m p a r i s o n ,  shown i n  f i g .  
12, of  measured r a t e s  with r a t e s  c a l c u l a t e d  using t h e  model v e r i f i e s  t h a t  t h e  
model a l s o  descr ibes  t h e  k i n e t i c s  of regenerat ing a l k a l i z e d  alumina. Comparison 
of  t h e  measured conversion l e v e l  with t h a t  obtained by i n t e g r a t i o n  of  t h e  ra te  
equat ion is shown i n  f i g .  13. This s i m i l a r i t y  of regenerat ion k i n e t i c s  i n d i c a t e s  
t h a t  techniques for  regenera t ing  a l k a l i z e d  alumina (5) can a l s o  be u t i l i z e d  t o  
remove s u l f u r  from seed-s lag  mixtures .  

Economic F e a s i b i l i t y  of  Removing S u l f u r  from Recycling Seed-Slag Mixtures 

While no d e t a i l e d  es t imates  have y e t  been made on t h e  c o s t s  of  removing 
s u l f u r  frw recycl ing  seed-slag mixtures ,  it i s  p o s s i b l e  t o  make a rough c o s t  
estimate using the  d a t a  i n  t h i s  paper .  For example, t h e  s u l f u r  production r a t e  of 
a 1,000 me MHD-topped power p l a n t  having a thermal e f f i c i e n c y  of 0.47 and using a 
13,610 Btu / lb  3 wt-percent s u l f u r  c o a l  f o r  f u e l  w i l l  be 383,000 lbs/day which, a t  
a va lue  of $4012,240 l b s ,  i s  worth $6,83O/day. Such a p l a n t  w i l l  be seeded with 
about  2 g-moles of K20/kg-coal. With t h i s  seeding l e v e l  47 percent  of t h e  s u l f u r  
conten t  i n  t h e  recyc l ing  seed-s lag  mixture  w i l l  have t o  be  converted t o  hydrogen 
s u l f i d e  each pass  t o  ensure a s u l f u r - f r e e  power p l a n t  e f f l u e n t  gas .  
bed seed-slag regenerat ion r e a c t o r  ( t o  avoid complicat ion of varying hydrogen 
p a r t i a l  p r e s s u r e  i n  t h e  r e a c t o r )  opera t ing  a t  a pressure  s u f f i c i e n t  t o  maintain a 

Using a f l u i d -  

i 
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1 a t m  hydrogen p a r t i a l  p ressure ,  w e  f ind from the  d a t a  i n  f i g .  8 the  s o l i d s  resi-  
dence time needed t o  achieve the  des i red  conversion l e v e l  i s  40 minutes a t  775OC. 
This residence t i m e  r e q u i r e s  a r e a c t o r  volume o f  145 m3 f o r  t h e  bulk dens i ty  of 
t h e  material used i n  our experiments. The t o t a l  r e a c t o r  pressure  which w i l l  be 
needed t o  maintain t h e  1 atm hydrogen p a r t i a l  p ressure  i s  approximately 1.2 a t m  
f o r  a hydrogen s u l f i d e  concent ra t ion  i n  t h e  product gas  of 15 volume percent. 
b a l l  park estimate of t h e  s u l f u r  p r i c e  necessary t o  r e a l i z e  a p r o f i t  from i t s  
recovery i n  an MHD p l a n t  is  given i n  t a b l e  1. 

A 

TABLE 1 
Summary of u n i t  cost /day which includes taxes and p r o f i t  

and i s  based on a 365 day year  

P e l l e t i z i n g  -__-_-_--____---__------  383 (3 t i m e s  t h e  c o s t  of p e l l e t i z i n g  

Seed-slag s u l f u r  removal r e a c t o r  --- 639 (est imated from (5))  
Hydrogen . . . . . . . . . . . . . . . . . . . . . . . . . . .  1,820 @ $0.40/1,000 SCF 
Claus u n i t  f o r  convert ing HpS t o  S - ?,300 (est imated from a) 

i r o n  ore)  

S e l l i n g  p r i c e  ------- $5,142 

Since the  value of t h e  s u l f u r  produced w i l l  be  $6,83O/day and because t h e  
s u l f u r  recovery system i s  so simple s u l f u r  recovery w i l l  b e . p a r t  of  any c o a l - f i r e d  
MHD-topped power p l a n t  and h igh-su l fur  c o a l s  w i l l  be considered a premium fue l .  

CONCLUSIONS 

S u l f u r  can be economically e l iminated from t h e  e f f l u e n t  gases  of open-cycle 
MIID-topped power p l a n t s  by recovering i t  from t h e  recyc l ing  seed-slag mixture with 
hydrogen. The incorpora t ion  of t h i s  recovery s t e p  is a simple matter i n  t h e  MHD 
power s t a t i o n  because a potassium o r  cesium seeding material, which has  a g r e a t  
a f f i n i t y  f o r  s u l f u r ,  i s  added t o  make t h e  combustion gas  e l e c t r i c a l l y  conduct ive,  
and t h i s  seed must be  recovered and recycled.  Our k i n e t i c  model f o r  t h e  s t r i p p i n g  
of s u l f u r  as hydrogen s u l f i d e  from seed-s lag  mixtures  can be  used t o  design 
r e a c t o r s  f o r  t h i s  purpose. 
absorbent in t h e  a l k a l i z e d  alumina process  f o r  removing s u l f u r  d ioxide  from power 
p l a n t  s t a c k  gases. 

This model a l s o  descr ibes  t h e  regenera t ion  of  t h e  
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Fiqure 2 - Differentiol H2S formation rate forthe reaction of fused K2S0,-Si02 w i t h  temperatun- 

72SoC, H~ port io l  press~re I atm. 
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