
SYNGAS DESULFURIZATION OVER METAL ZEOLITES 

Clyde S .  Brooks 
RECYCLE METALS 

Glas tonbury ,  Connect icu t  06033 

Metal ox ides  suppor ted  on z e o l i t e s  have  been  demonstrated as e f f e c t i v e  
regenerable  4 e s u l f u r i z a t i o n  a g e n t s  f o r  h i g h  tempera ture  removal of hydrogen 
s u l f i d e  from f o s s i l  f u e l s .  D e s u l f u r i z a t i o n  occur s  by s u l f i d e  format ion  wi th  
Fe or Zn on t h e  s u r f a c e  of  t h e  z e o l i t e  l a t t i c e  w i t h  t h e  hydrogen s u l f i d e  of  
t h e  f u e l  gas .  Regeqera t ion  by a i r  o x i d a t i o n  of  t h e  suppor ted  m e t a l  s u l f i d e  
d i s p l a c e s  tX2 sulfur a s  s u l f u r  ox ides .  Both s u l f i d a t i o n  and o x i d a t i o n  show 
e i f i c i e n t  k i n e t i c s  w i t h i n  a tempera ture  range  o f  500-6OOC. which i s  above t h e  
range of phys i ca l  a d s o r p t i o n  and below where me ta l  v a p o r i z a t i o n  or suppor t  
i n s t a b i l i t y  prove  l i m i t a t i o n s .  
cause  of demonst ra ted  a b i l i t y  t o  reduce  t h e  s u l f u r  c o n c e n t r a t i o n  t o  s e v e r a l  
PPM i n  t h e  t empera tu re  range  500 t o  650 C. 

INTRODUCTION 
The p o t e n t i a l  for i nc reased  e f f i c i e n c y  of g a s  c leanup and improved eco- 

nomics provides  t h e  i n c e n t i v e  f o r  development of  h igh  tempera ture  d e s u l f u r i -  
z a t i o n  of  f o s s i l  f u e l s  ( c o a l  g a s  or syngas ) .  Numerous p rocesses  a r e  a v a i l -  
a b l e  f o r  low t empera tu re  d e s u l f u r i z a t i o n .  However, advantages  i n  process ing ,  
no tab ly  energy conse rva t ion  and c a p i t a l  s av ings ,  make h igh  tempera ture  desu l -  
f u r i z a t i o n  a t t r a c t i v e .  

A t t e n t i o n  i s  g iven  h e r e  t o  t h e  u s e  of me ta l  z e o l i t e s  as r egene rab le  de- 
s u l f u r i z a t i o n  a g e n t s .  Cons ide ra t ion  is given  t o  t h e  m e r i t s  of h igh  tzmpera- 
t u r e  d e s u l f u r i z a t i o n ,  t h e  r a t i o n a l e  of  agen t  s e l e c t i o n  and bench s c a l e  eva l -  
ua t ions  have been conducted of t h e  d e s u l f u r i z a t i o n - r e g e n e r a t i o n  performance 
of i r o n  and z i n c  z e o l i t e s .  

THE MERITS OF HOT DESULFURIZATION 

tempera ture  d e s u l f u r i z a t i o n  of s e v e r a l  a v a i l a b l e  c o a l  g a s i f i c a t i o n  a l t e r n a t i v e s  
a r e  summarized here :  
One comparison (1) has been  made f o r  low and h i g h  tempera ture  gas  cleanup of a 
1000 hW c o a l  g a s i f i c a t i o n  combined c y c l e  power p l a n t  f o r  two p o s s i b l e  gas t u r -  
b ine  i n l e t  t empera tu res  (1070 C and 1320 C) f o r  4 g a s i f i c a t i o n  op t ions :  1) a i r  
blown Lurg i  ( f i x e d  b e d ) ,  2) oxygen blown Lurg i  ( f i x e d  bed) ,  3) oxygen blown 
bituminous g a s i f i e r  c l e a n e r  ( s l agg ing  f i x e d  bed) and 4)  an  a i r  blown F o s t e r  
Wheeler ( en t r a ined  b e d ) .  The h igh  tempera ture  h o t  gas  cleanup (HGC) used was 
t h e  Morgantown Energy Technology Center (METC) i r o n  ox ide  f i x e d  bed d e s u l f u r i -  
z a t i o n  p rocess .  The low tempera ture  g a s  c leanup (LGC) used w a s  t h e  Benef ie ld  
process .  The H G C a l t e r n a t i v e  provided advantages  i n  thermal  e f f i c i e n c y ,  c a p i t a l  
c o s t ,  e l e c t r i c i t y  c o s t  and p u r i f i c a t i o n  system component costs. Savings  of  34% 
i n  c a p i t a l  requi rements  and 30% i n  c o s t  of e l e c t r i c i t y  were ob ta ined  wi th  HGC. 

I n  a second assessment  (2) 4 g a s i f i e r  c o n f i g u r a t i o n s  were eva lua ted ,  3 
employing en t r a ined  f low,  by Texaco, Shell-Koppers and by F o s t e r  Wheeler/ 
Bituminous Coal Research (RJ/BCR) and I n s t i t u t e  of  Gas Technology (IGT) f l u i d  
bed us ing  24 v a r i a t i o n s  of  a i r  and gas blown g a s i f i c a t i o n  wi th  3 tempera tures  ' 

f o r  d e s u l f u r i z a t i o n .  Low tempera ture  (150C) d e s u l f u r i z a t i o n  was wi th  a Se lexo l  
l i q u i d  scrubber .  In t e rmed ia t e  tempera ture  (540C) d e s u l f u r i z a t i o n  was wi th  t h e  
METC i r o n  ox ide  f i x e d  bed. High tempera ture  (R20C) d e s u l f u r i z a t i o n  used a 
Conoco ha l f - ca l c ined  dolomi te  i n  a f l u i d i z e d  bed. A l l  p rocesses  m e t  EPA e m i s -  
s i o n  s t anda rds .  The medium and h igh  t empera tu re  p rocesses  provided advantages  
i n  thermal  e f f i c i e n c y ,  p l a n t  c a p i t a l  and o v e r a l l  e l e c t r i c i t y  c o s t .  The g rea t -  
est advantage provided was reducPd c a p i t a l  c o s t .  

Zinc f a u j a s i t e  Y is  of p a r t i c u l a r  i n t e r e s t  be- 

Two assessments  t h a t  show t h e  energy and c a p i t a l  c o s t  advantages  of h igh  
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SELECTION OF DESULFURIZATION AGENTS -PRIOR WORK 
The elements cons idered  f o r  d e s u l f u r i z a t i o n  a g e n t s  have bee0 s e l e c t e d  

l a r g e l y  on an  empi r i ca l  b a s i s  from e s s e n t i a l l y  every  group of t h e  p e r i o d i c  
t a b l e .  
d i d a t e s  f o r  t h e  h o t  d e s u l f u r i z a t i o n  of low BTU c o a l  gases .  
they  made use  of t h e  f r e e  energy minimiza t ion  method o f  Van Zeggeren and S to ry  
and s e l e c t e d  11 of 28 elements a s  p o t e n t i a l  cand ida te s  f o r  f u e l  gas  d e s u l f u r i -  
z a t i o n  wi th in  a tempera ture  range  of  400-12OOC. These cand ida te s  were Fe ,  Zn, 
Mo, Mn. V ,  Ca, S r ,  Ba, Co, Cu and W. Based on thermodynamic c o n s i d e r a t i o n s  
they  se l ec t ed  MnO, CuO, V 0 and ZnO f o r  k i n e t i c  s t u d i e s .  A second sys t ema t i c  
s e l e c t i o n  of s u l f u r  removal a g e n t s  based on thermodynamics has  been made f o r  
f u e l  c e l l  a p p l i c a t i o n s  (4) .  
gas  at  650C w a s  t h e  s e l e c t i o n  c r i t e r i o n .  Of 42 agen t s  examined, 12 cand ida te s  
Fe ,  Co. Cd, Mo, Pb, W ,  Zn, V ,  Mn, Ba, Sr and Cu were eva lua ted  wi th  Cu/CuO, 
ZnO, and V 0 examined exper imenta l ly .  

A comprehensive review of ho t  gas(’J430C) c leanup p rocesses  a p p l i c a b l e  
t o  s u l f u r  removal, a s  H S from c o a l  gases  was  prepared  by Onursal (5) i n  1979. 
Coment  on desu l fu r i za tgon  work w i t h  an upda t ing  s i n c e  1979 is  a p p r o p r i a t e .  
F i r s t  comments w i l l  be  made of r e s u l t s  ob ta ined  w i t h  t h e  s i n g l e  component sys- 
t e m s  Fe,  Cu and Zn: 

s t r a t e d  excess ive  so rben t  deg rada t ion  and was abandoned. The MERC i r o n  ox ide /  
s i l i c a  ( f l y  ash)  so rben t  (8 ,9)  achieved  200-800 ppm H S i n  c o a l  gases  i n  t h e  
tempera ture  range 400-750C w i t h  r egene ra t ion  a t  950C $n a i r  o r  steam. 

a t  low t o  mid tempera tures  bu t  on ly  as a nonregenerahle  system. 
has  been eva lua ted  a t  Giner I n c .  
(12) and H S l e v e l s  down t o  1 ppm were ob ta ined  a t  bench s c a l e .  
of t h e  IFP ZnO a t  MFXC (12) confirmed t h e  low H S concen t r a t ions  b u t  i n d i c a t e d  2 low s u l f u r  loadings  r e l a t i v e  t o  unsupported ZnO. 

suppor ted  on s i l i ca  (16) has  been used t o  d e s u l f u r i z e  H S/H mix tu res  ove r  t h e  
tempera ture  range  300-1OOOC wi th  u l t i m a t e  a p p l i c a t i o n  i i t e n 2 e d  f o r  coke oven, 
producer ,  and wa te r  gases  and hydrocarbon vapor s .  S tud ie s  have been  conducted 
by Kennecott Copper Co. (13,17) f o r  Lurg i  f u e l  gases  con ta in ing  H , CO a n  
1-1.5% H S i n  t h e  tempera ture  range  480-51OC. S u l f u r  removal e f f 2 c i e n c i e s  of 
80% ( t o  1500 ppm H2S) were obta ined .  So rben t s  were regenera ted  a t  816C u s i n g  
so l id - so l id  r e a c t i o n  wi th  CuO bu t  w i th  l i m i t e d  success .  

Most d e s u l f u r i z a t i o n  s t u d i e s  have been conducted wi th  mixed me ta l  ox ides .  
About the  e a r l i e s t  s i g n i f i c a n t  s tudy  was made a t  Johns  Hopkins Un ive r s i ty  (14) 
f o r  mixed oxides  of  Cu, Fe, U, C r ,  Sn, Mn, V ,  Mo, Sb, B i  as b ina ry  and t e r n a r y  
combinations wi th  v a r i o u s  b inde r s  such as c l a y ,  pumice, alundum and l i m e .  Re- 
gene ra t ion  of t h e  s u l f i d e d  so rben t s  was by a i r  o x i d a t i o n ,  b u t  s u s t a i n e d  pe r fo r -  
mance was not  ob ta ined .  Nachod (15) used mixed ox ides  of Cu, Zn and Pb suppor ted  
on a l u m i n o s i l i c a t e s  t o  remove s u l f u r  from pe t ro leum d i s t i l l a t e s  and gases  
wi th  H S and o rgan ic  s u l f u r  compounds i n  t h e  tempera ture  range  90-55OC. 
generagion was  w i th  a i r / s t e a m  a t  370-540C, bu t  t h e  suppor t s  were l a c k i n g  i n  
s t a b i l i t y .  

shown t h a t  s u l f u r  l e v e l s  of  2-10 ppm i n  t h e  t empera tu re  range  550-750C can  be  
achieved  f o r  a z i n c  f e r r i t e  so rben t  w i th  s imula ted  Lurg i  f ixed-bed g a s i f i e r  
o f f -gas .  To d a t e  t h i s  z i n c  fe r r i te  of MFTC has  been advanced t o  t h e  h i g h e s t  
s t a g e  of development, p i l o t  p l a n t ,  o f  any so rben t .  

However, i n v e s t i g a t i o n s  by Bat te l le ,  I G T ,  MIT, G ine r ,  Research T r i a n g l e  
and Electrochem, l a r g e l y  under DOE funding ,  con t inue  t o  e v a l u a t e  promis ing  
a l t e r n a t i v e s  f o r  h igh  tempera ture  r egene rab le  d e s u l f u r i z a t i o n  of c o a l  gases .  
Work a t  B a t t d l e  (18) has been conducted w i t h  molten ca rbona te s  suppor ted  on 
Ca-Li a luminate .  Dual adsorbent  beds wi th  mixed ox ides  of ZnO, Fe20j. CuO i n  

Westmoreland and Har r i son  (3) made a s y s t e m a t i c  examination of can- 
In t h e i r  approach 

2 3  

A t t a i n a b l e  equ i l ib r ium H S concen t r a t ions  f o r  c o a l  2 

2 3  

Ear ly  work w i t h  i r o n  ox ides  on t h e  Appleby-Frodingham process  (6,7) demon- 

Zinc  oxide  h a s  been wide ly  used f o r  removal of  low concen t r a t ions  of H S 

( 1 0 , l l )  and by I n s t i t u t e  Frnnca is  Du Pet ro le (1FP)  
Supported 8nO 

Eva lua t ions  2 

Severa l  s t u d i e s  have involved  copper s o r b e n t s  (13,14,15,16,17).  Copper 

Re- 

I n v e s t i g a t i o n s  a t  METC ex tending  earlier work wi th  Fe oxides  (6-9) have  
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one bed and CoTi03in a second bed have  been eva lua ted  a t  I C T  (19) .  
w i th  ox ides  o f  Cu 
of  Cu and Mn pursued a t  Electrochem (Z l ) . .  A number of mixed ox ides  of ZnO, 
CuO, T i 0  and MOO , no tab ly  co -p rec ip i t a t ed  wi th  alumina have been i n v e s t i g a t e d  
a t  MIT ($2).  
CuO/Fe 0 /h1203 and  CuO/A1203 have been conducted by t h e  Resea rc i  bangle ( $ 3 ) .  

SELECTION OF ADSORBENT COMPONENTS 

based on c o n s i d e r a t i o n  of t h e  r e s u l t s  of p r i o r  work and t h e  p rospec t s  f o r  
f avorab le  s u l f i d a t i o n  k i n e t i c s ,  low equ i l ib r ium s u l f u r  concen t r a t ion  a t  h igh  
tempera ture  and good o x i d a t i o n  r egene ra t ion  k i n e t i c s .  Most p r i o r  desu l fu r i za -  
t i o n  work has  been conducted and con t inues  wi th  co -p rec ip i t a t ed  m e t a l  ox ides .  
I n  t h i s  s tudy  a z e o l i t e  suppor t  w a s  chosen  t o  p rov ide  a hydro thermal ly  s t a b l e  
s u b s t r a t e  i a v o r a b l e  f o r  maintenance of a h i g h l y  d i spe r sed  d e s u l f u r i z a t i o n  agent  
f o r  many s u l f i d a t i o n / o x i d a t i o n  du ty  c y c l e s .  A s y n t h e t i c  mordeni te  (Zeolon 900) 
was i n i t i a l l y  eva lua ted  b u t  t h e  a v a i l a b i l i t y  of r a r e - e a r t h  s t a b i l i z e d  f a u j a s i t e  
Y z e o l i t e  (Linde SK 500) l e d  t o  making it t h e  suppor t  of cho ice .  

EXPERIMENTAL PROCEDURES 
The me ta l s  of  i n t e r e s t  Fe and Zn were i o n  exchanged wi th  t h e  z e o l i t e  

p e l l e t s  by e q u i l i b r a t i o n  a t  25-60C wi th  3 Molar aq .  s o l u t i o n s  of  n i t r a t e  sa l ts  
of t he  metals. I o n  exchanged z e o l i t e s  were sepa ra t ed  from t h e  exchange solu- 
t i o n s ,  d r i e d  a t  150C and a i r  ca l c ined  a t  500C. The p r o p e r t i e s  of t h e  so rben t s  
are g iven  i n  Tab le  1. 

The d e s u l f u r i z a t i o n  performance t e s t s  w e r e  conducted in a s t a i n l e s s  steel  
f i x e d  bed r e a c t o r  w i t h  2-12 g r .  of adsorbent  (20-40 mesh). Corros ion  r e s i s t e n t  
a l l o y s  must b e  used i f  t h e  r e a c t o r  is t o  have  b a r e  m e t a l  w a l l s  t o  avoid  w a l l  
e f f e c t s .  The s a f e s t  p r a c t i c e  i s  t o  u s e  a qua r t z  l i n e r  i n  t h e  r e a c t i o n  zone. 
Gas compositions c o n s i s t e d  of d ry  and w e t  (10-20 Mol % H20)  H2wi th -200~8000  ppm 
H2S. Reac t ion  c o n d i t i o n s  cons i s t ed  o f  1-2 atmos. g a s  p re s su re ,  a 450-650C t e m -  
p e r a t u r e  range  and a s p a c e  v e l o c i t y  range  of 500-10000 hr-'. T e s t s  were con-. 
ducted to breakthrough concen t r a t ions  of 20 ppm HZS. 
t h e  e x i t  gas was de te rmined  wi th  Ritagawa tubes  and a t  i n t e r v a l s  of 30-60 min. 
by abso rp t ion  i n  CdS04 aq .  s o l u t i o n  and t h i o s u l f a t e  t i t r a t i o n .  

The s u l f i d e d  adso rben t s  w e r e  regenera ted  wi th  a i r  or s imula ted  f u e l  cel l  
exhaus t  g a s  (11 Mol X 0 ) a t  450-650C wi th  p e r i o d i c  measurement of SO2 i n  t h e  
e x i t  gas  by Kitagawa t d e  and abso rp t ion  i n  aq .  NaOH. 

ed systems metal a n a l y s i s ,  X-Ray d i f f r a c t i o n  a n a l y s i s  and BET s u r f a c e  area de te r -  
mina t ions .  

REACTION MECHANISMS 

i n t e r s t i t i a l  e n t i t i e s  w i t h  H S a t  t empera ture  i n  t h e  range  450-650C in a reducing  
atmosphere a r e  assumed t o  be? 

Work 
and Zn has  been done a t  Giner  (20) and work wi th  ox ides  

Add?tional s t u d i e s  wi th  mixed ox ides  of ZnO/CuO/Fe 0 ; ZnOlTiO ; 

2 3  

I r o n  and z i n c  were s e l e c t e d  as t h e  d e s u l f u r i z a t i o n  agen t s  f o r  eva lua t ion  

S u l f u r  concen t r a t ion  i n  

Pos t  t e s t  adso rben t s  were cha rac t e r i zed  by s u l f u r  a n a l y s i s  and f o r  s e l e c t -  

The sulf?idation r e a c t i o n s  pos tu l a t ed  f o r  t h e  suppor ted  metals as s e p a r a t e  

FeO+ H2S = FeS+  H 2 0  

ZnO+ H S = Z n S +  H 2 0  2 

The mechanism proposed f o r  t h e  exchanged c a t i o n s  is t h a t  t hey  a r e  p re sen t  pre- 
dominate ly  a s  i n t e g r a l  components of  t h e  z e o l i t e  l a t t i ce  s u r f a c e  so t h a t  t h e  
s u l f i d a t i o n  r e a c t i o n  can  be  v i s u a l i z e d :  

Limited thermal  s t a b i l i t y  prec ludes  s u l f i d e  s t o i c h i o m e t r i e s  w i th  s u l f u r  t o  
m e t a l  r a t i o s  h i g h e r  t h a n  ind ica t ed  i n  r e a c t i o n s  (1)-(3). 
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React ions  (1)-(2) would lead  t o  s i g n i f i c a n t  i n h i b i t i o n  of  s u l f i d a t i o n  
by a n  apprec i ab le  wa te r  p a r t i a l  p re s su re .  S ince  c o a l  gases  w i l l  c o n t a i n  10-20 
Mole X H 0 depending upon whether t h e  gas  i s  a i r  or 0 blown t h i s  is  a n  impor- 
t a n t  c o d i d e r a t i o n .  While t h e  wa te r  p a r t i a l  pressure’of 10 Mole X might r a i s e  
thc  H S equ i l ib r ium concen t r a t ion  from 1-2 t o  10 ppm a t  650C t h e r e  would be  a n  
advaneage i n  minimizing the  v o l a t i l i t y  of Zn. 

ed  t o  be: 
The ox ida t ion  r egene ra t ion  r e a c t i o n s  f o r  t h e  s u l f i d e d  metals are cons ider -  

FeS+ 1 .5  O2 = FeO+ SO2 

ZnS + 1.5 O2 = ZnO + SO2 

(4 ) 

(5) 

[Zeo l i t e2 -+  2 2  + ZnS] + 1.50’ = [Zeol i te2-+ZnB]  +H20+S02 (6)  

The expec ta t ion  i s  t h a t  a t  t h e  e l eva ted  tempera ture  of o x i d a t i o n  most of t h e  
s u l f u r  w i l l  be evolved a s  SO /SO wi th  minimal s u l f a t e  format ion  i f  extended 
exposure  t o  excess  oxygen is2avo?ded. The decomposition tempera tures  of t h e  
s u l f a t e s ,  i f  formed, are r e l a t i v e l y  h igh  be ing  500-630C f o r  FeSo4 and 600-84OC 
f o r  ZnS04 (24). 

DESULFURIZATION PERFORMANCE 

a Zn impregnated alumina and a r a r e  e a r t h  loaded Zn f a u j a s i t e  Y .  A f t e r  5 
sulfidationlregeneration du ty  cyc le s  a t  540C t h e  Zn f a u j a s i t e  Y demonstrated 
a dec ided  advantage i n  s u l f u r  l oad ing  a t  breakthrough a t  20  pprn wi th  a H S 
concen t r a t ion  less than  10 
of a h igh  BET a r e a  of 360 M / G r .  
1000 pprn H2S a t  500C ove r  Zn f a u j a s i t e  Y (F ig .  1) show sus t a ined  performance 
f o r  4 duty  cyc le s  wi th  l e s s  than  10 ppm H S.  

th rough Zn z e o l i t e  i s  dec ided ly  s u p e r i o r  t o  Fe z e o l i t e  (F ig .  2 ) .  For t h i s  test 
wi th  a s u l f u r  concen t r a t ion  of 7900 ppm. t y p i c a l  of c o a l  g a s ,  f o r  wet (10 Mole X) 
H r e s i d u a l  s u l f u r  concen t r a t ions  be fo re  breakthrough apprec iab ly  less than  
e&i l ib r ium H S va lues  a r e  obta ined  f o r  e i t h e r  Fe o r  Zn.  

The r o l z  of t h e  r a r e  e a r t h s  p re sen t  on t h e  SK 500 f a u j a s i t e  Y used as 
suppor t  f o r  t h e  Fe and Zn i n  t h e  d e s u l f u r i z a t i o n  p rocess  h a s  no t  been determined 
bu t  publ i shed  r e s u l t s  (25.26) i n d i c a t e  L a  has  p o t e n t i a l  as a s u l f i d a t i o n  adsor -  
bent  bu t  would r e q u i r e  a tempera ture  above 650C f o r  o x i d a t i o n  r egene ra t ion .  The 
p resen t  s tudy  i n d i c a t e s  t h e  rare e a r t h s  p lay  a minor r o l e  i n  s u l f i d a t i o n  bu t  a 
major r o l e  i n  c o n t r i b u t i n g  t o  thermal s t a b i l i t y .  Z inc  has  been proposed (27) 
f o r  improving t h e  thermal  s t a b i l i t y  of z e o l i t e s .  

OXIDATION REGENERATION 

wi th  s imula ted  f u e l  c e l l  exhaus t  gas  (11  Mole Z 0 ) is e s s e n t i a l l y  complete 
wi th in  60 minutes (F ig .  3 ) .  
gene ra t ion  i s  showti i n  Tab le  2.  

approaching  8OOC is  necessary  f o r  a gas  wi th  less t h a n  about  15 Mole X 0 . 
us ing  a N purge between completion of t h e  ox ida t ion - regene ra t ion  c y c l e  2nd t h e  
next  fue12gas d e s u l f u r i z a t i o n  c y c l e  combined w i t h  u t i l i z a t i o n  of t h e  exo- 
thermic  hea t  from t h e  ox ida t ion  r e a c t i o n  pe rmi t s  completion of  r egene ra t ion  of  
t h e  adsorbent  a t  a tempera ture  between 8OOC and 650C t h e  tempera ture  d e s i r e d  i n  
t h e  bed f o r  t h e  next  d e s u l f u r i z a t i o n  cyc le .  

h igh  BET s u r f a c e  a r e a  observed f o r  t h e  regenera ted  adsorbent  (Table  2) .  

I n  Tab le  2 a comparison i s  made f o r  4 adso rben t s ,  Fe and Zn mordeni te ,  

pm p r i o r  t o  breakthrough combined wi th  maint2nance 
Typica l  r e s u l t s  w i th  w e t  (15 Mole X )  H2 w i th  

If  t h e  o b j e c t i v e  is  t o  o b t a i n  a low*sul fur  concen t r a t ion  p r i o r  t o  break- 

9 

Oxidat ion- regenera t ion  a t  650C of  s u l f i d e d  Fe and Zn f a u j a s i t e  Y adso rben t s  

The e x t e n t  of r e s i d &  s u l f u r  r e t e n t i o n  a f t e r  re- 

To complete thermal  decomposition of r e s i d u a l  ZnSo a t empera tu re  
By 

The thermal  s t a b i l i t y  of t h e  Zn f a u j a s i t e  Y is  promising i n  v iew of  t h e  
An 
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important  c o n s i d e r a t i o n  is  t h a t  t h e  Zn z e o l i t e  should not  exper ience  temperatures  
much above 650C in a reducing  atmosphere t o  minimize l o s s e s  by v o l a t i l i z a t i o n .  
I n  t h e  i n t e r v a l  between o x i d a t i o n - r e g e n e r a t i o n  and t h e  next  d e s u l f u r i z a t i o n  
c y c l e  t h e  adsorbent  exposure  t o  tempera tures  above 650C is  i n  an oxid ized  
s t a t e  minimizing v o l a t i l i z a t i o n .  

CONCLUSIONS 
Bench s c a l e  e v a l u a t i o n s  have demonstrated t h e  performance o f  meta l  

z e o l i t e s  f o r  h igh  tempera ture  r e g e n e r a b l e  d e s u l f u r i z a t i o n  of f o s s i l  f u e l s  
conta in ing  H S .  Metal z e o l i t e s ,  no tab ly  w i t h  z i n c ,  p rovide  regenerable  s u l f u r  
removal c a p a g i l i t y  and achieve  low r e s i d u a l  s u l f u r  c o n c e n t r a t i o n s  and a good 
p o t e n t i a l  f o r  r e p e t i t i v e  s u l f i d a t i o n / o x i d a t i o n  duty  c y c l e s .  Zinc f a u j a s i t e  Y. 
i n  p a r t i c u l a r ,  p rovides  a s u p e r i o r  d e s u l f u r i z a t i o n  agent  wi th  t h e  a c t i v e  metal  
i n  a high s t a t e  of d i s p e r s i o n  on a hydro thermal ly  s t a b l e  suppor t .  A l t e r n a t i o n  
of s u l f i d a t i o n  and o x i d a t i o n  t y p i c a l  of d e s u l f u r i z a t i o n - r e g e n e r a t i o n  duty  cyc les  
favors  maintenance of t h e  i n i t i a l  h igh  s t a t e  of d i s p e r s i o n  f o r  t h e  a c t i v e  de- 
s u l f u r i z a t i o n  a g e n t ,  Fe o r  Zn,notably i f  t h e  meta l  is r e t a i n e d  i n  c l o s e  proximity 
t o  t h e  s u r f a c e  of t h e  z e o l i t e  l a t t i c e .  

P o t e n t i a l  a p p l i c a t i o n s  f o r  t h e s e  meta l  z e o l i t e  d e s u l f u r i z a t i o n  a g e n t s  
c o n s i s t s  o f :  

1) Provid ing  
combined c y c l e  power p l a n t s  t o  minimize s u l f u r  emissions and t h e  p r o t e c t i o n  
of gas  t u r b i n e  or f u e l  c e l l  power p l a n t s .  

f u e l s ,  n o t a b l e  c o a l  syngas.  
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Tab le  1. Sulfur Removal Capac i ty  f o r  Z inc  Z e o l i t e s  

Z e o l i t e  Ca t ion  Met a 1  T h e o r e t i c a l  High 
Exchange Loading S u l f u r  Temp. 
Capac i ty  Equiv. t o  Loading S t a b i l i t y  
CEC MEQ/Gr. CEC W t . %  a s  ZnS Ut .% Deg. C.  

Syn. Mordeni te  2.5 8 .2  . 4.0 650 
F a u j a s i t e  Y 4 . 0  13.2 6.4 650-980 
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Table  2 .  A Comparison of D e s u l f u r i z a t i o n  Adsorbents 

Adsorbent Meta l  W t . %  S u l f u r  Percentage  of Res idua l  BET 
Loading T h e o r e t i c a l  S u l f u r  Area 
Ut.% S u l f u r  Loading W t . %  S q  .M. / G r .  

F a u j a s i t e  Y Zn 13.2 4 . 8  75 1 . 4 1  360 
(Linde SK 500) 
ZnO on Alumina Z n  11.7 2.4 0 .71  119 
(Harshaw A1-0104T) 
S yn . Mordeni t e Z n  10.9  2 .4  60  0 .51  129 
(Norton Zeolon 900) 
Syn. Mordcnite Fe 14.0 3.7  0.33 - 
(Norton Zeolon 900) 

Notes:  

- 

- 

1 )  F i v e  t e s t s  w e r e  conducted w i t h  10 .3  cu.cm. of adsorbent  bed wi th  1000 
ppm H S i n  H a t  540C and a t  2 A m o s .  in t h e  space  v e l o c i t y  (GHSV) range  
4000-6000 h r z l  t o  a breakthrough of 20 ppm H S .  

exhaus t  g a s  wi th  11% 0 2 ,  7% CO 
2)  Oxlda t ion  r egene ra t ions  were conducted wi th  g m u l a t e d  f u e l  c e l l  cathode 

3) Water D a r t i a l  p re s su re  was 15 &ole % f o r  ? i e su l fu r i za t ion  and r egene ra t ion .  
4 )  ZnO w a s  mounted on alumina by s o l u t i o n  impregnation. 
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