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Abstract-V0zious CuO-based sorbents were prepared to investigate effects of sorbent ingredients such as Si02, MnO2, 
and MoO3 on desulfitrization reactivity. Several candidate sorbents chosen from a TGA screening test were further 
tested in a microreactor system. The amount of SiO~ support to minimize sinteriug of sorbents was 25 wt%. Sulfur 
loading was seriously affected by the amount of additives (MnO2, MOO3) in a multi-cycle test. Improvement of sulfitr 
loading by tile additives was observed in the nmlti-cycle test. Effects of support materials on sulfur loading were also 
investigated by using SiO2, y-alumina and zeolite. SiO~ showed the best performance among the support candidates. 
The sorbent showing the best sulfur loading ability was CMS6 (CuO : MoO3 : MnO2 : Si0~=61 : 11 : 3 : 25). Its sulfur 
loading reached up to 13.8 g sulfur/100 g sorbent in a raulli-cycle test. 
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INTRODUCTION 

Cleaning technology of coal gas in the high temperature is es- 
sential for successful development of IGCC (Integrated coal Gas- 
ification Combined Cycle). High temperature cleaning technology 
is classified into two major processes: removing particles and de- 
sulfufization. Removing particles means removing physical impu- 
rifles, and desulfurization means removing chemical impurities such 
as H2S in an effective way [Ryu et al., 1998; Ayala et al., 1995; 
Tamhankar et al., 1986; Kang et al., 1997; Lee et al., 1991]. 

Most sulfur colnpouIlds ttlflt exist in coal are converted into H2S 
during gasification, HzS is converted into SO2 upon combustion in 
a gas turbine, and S�9 becomes a precursor of acid rain that is ex- 
b-eraely hannful to tile ecosystera [Ayala et al., 1995; Lee et al., 
1991 ; Choi et al., 1994]. Because of recent stringent regulations 
against air pollution, H2S should be controlled under a few tens 
ppmv before tile gas enters into a gas turbine in tile IGCC. There- 
fore, the development of sorbents removing H2S effe~vely is a key 
technology in rile IGCC process. From 1980 to rile early 1990's, 
the development of metal oxide removing H2S over 550 ~ was 
greatly focused. Recent evaluation of economics for IGCC, how- 
ever, showed fllat heat efficiency rapidly increased up to 350 ~ 
but in the range of 350-600 ~ the increment of heat efficiency was 
insignificant In addition, because of vaporization of alkali metal, it 
is desirable to mn the process under 650 ~ [Ryu et al., 1998; Javad 
et al., 1997]. Even though the efficiency of IGCC increases as its 
ope~-afion teraperature increases, rile opmnal desulfufizafion tem- 
perature is known to be in the range of 350-550 ~ because of lim- 
itations of equipment and alkali contents in fuel gas. There are sev- 
eral things to consider in selecting sorbents for IGCC such as de- 
sirable thermodynamic equilibrium, relatively high reactivity, envi- 
rolmlental affiifity and raoderate cost 

W~bnorelozld and Hozrisc~l did desulfarization expelmlents sys- 
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tematicaUy by using 28 eleraents and reported that 10 elements (Fe, 
Zn, Mo, Mn, V, Ca, Sn, Ba, Cu, W) were proper as sorbents in the 
range of 400-1,200 ~ ~Vestmoreland and Harrison, 1976]. Ayala 
et al. investigated thermodynamic H2S equilibrium concenlration 
by doing desulfirization experiments in the temperature range of 
350-550 ~ for rile 10 eleraents chosen in Westmoreland and Harri- 
son's work. Moles of solid oxides and fuel gas during sulfidation 
were decided based on 50% conversion. As a result, Ayala et al. 
fomxl that Cu was rile worst sc~-bent among tile metals or metal 
oxides they tested, but CuO could keep H2S concentration lower 
titan any other SOl-bei~ [Ayala et al., 1997]. Therefore, in oar- re- 
search, the sorbents containing CuO as main active material were 
prepared. Sulfidation and regeneration reactions of sorbents were 
perfonned in tile range of 350-550 ~ Approlz~iate support content 
was decided and effects of additives and support ingredient on sul- 
fur loading were also investigate& 

EXPERIMENT 

1. Sorbent Preparation 
MnO2 and MoO3 were chosen as additives and SiO2, "/-alumina 

and zeolite were chosen as support raatelials. It is known that MoO 3 
takes the role of promoter in sulfidation of CuO and MnQ inhibits 
vaporization of Mo in high temperature [Gasper and Washington, 
1933; Moon and lbrn, 1994; Kiln and Kim, 1996; Park et al., 1998; 
Kwak and Moon, 1999]. 

In ff~ research, sc~-beigs containing only CuO ozxl support mate- 
rial were named as CS sorbents, whereas those containing CuO, 
MOO3, ~VInO2 and SiO2 as CMS sorbents, those containing CuO, 
MOO3, 1VII102 arid ?-alumina as CMA sc~-bent, and those cc~ltain- 
iug CuO, MoQ,  MnO2 and zeolite as CMZ sorbe~lt A serial num- 
ber was given to thera according to their corapositioi1 Tile compo- 
sitions of various sorbents are shown in Table 1. According to rile 
literature, there is no remarkable change of desulfurization effi- 
ciency of sc~-bents prepared by a simple mixing method or more 
sopt~ticated raethods such as impregnation and precipitation [Kyo- 
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Table 1. Composition of various sorbents (wt%) 

Y.-K. Song et al. 

Sorbents CuO : MoO3 : MnO2 : Support Support Others : Support CuO : MoO3 : MnO2 Metal content 

CS2 65 : 0 : 0 : 35 SiO2 65 : 35 100 : 0 : 0 65 

CS3 75 : 0 : 0 : 25 SiO2 75 : 25 100 : 0 : 0 75 

CS4 8 5 : 0 : 0 : 1 5  S iQ  8 5 : 1 5  1 0 0 : 0 : 0  85 

CS5 100 : 0 : 0 : 0 None 100 : 0 100 : 0 : 0 100 

CMS6 61 : 11 : 3 : 25 S iQ  75 : 25 81 : 15 : 4 61 

CMA1 61 : 11 : 3 : 25 T-alumina 75 : 25 81 : 15 : 4 61 

CMZA 61 : 11 : 3 : 25 Zeolite 75 : 25 81 : 15 : 4 61 

tani et al., 1989]. Therefore, considering preparation cost and mass 

production, a simple physical mixing method was employed. Raw 
materials were mixed in a ball mill for 6 hours. EG (ethylene gly- 
col) was added to make it paste fonn. Tile paste was extruded by 

an exbxter as cylin&ical pellets and placed ctl alumintml p a l  and 
dried at 200 ~ for 4 hours. Then, it was calcined in a tubular fi~r- 
nace at 700 ~ for 4 hours, and cooled down, crashed and sieved 
to desired size (92-106 btm). 
2. Experimental Procedure 

In our researctl, a TGA (nlodel TGA2050, TA Insr was 
used to investigate weight change of sorbents during sulfidation 
and regeneration reactions. As shown in Fig. 1, expelmlental appa- 

ra~as is largely divided into two parts: TGA and GC/nlicroreactoi: 
Gas flow rate was controlled by MFCs (mass flow controllers). The 
sinlulated coal gas composition is shown in Table 2. Tile mixed gas 
flows into TGA through the mixing tank. Water is injected by us- 
ing a syringe pump. A staitfless steel tube between water injection 

point and TGA mb-ance is heated by heathg tape to supply water 
vapor to the reactor. The flow of  mixed gas is vented to a fume 

. . . . .  ,17 
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Fig. 1. Schematic diagram of experimental apparatus. 
1. N2 10. Syringe pump 
2. H2S 11. Heating tape 
3. SO2 12. Sample 
4. Mixing gas 13. Microreactor 
5. Air 14. Water trap 
6. N2 15. GC 
7. Flowmeter 16. TGA 
8. MFC 17. Vent 
9. Mixing tank 

November, 2000 

Table 2. Composition of simulated gas 

Sulfidation 

H~ 12.1 vo1% 

CO 19.1 vo1% 
CO2 6.8 vol% 
H~S For TGA : 0.3%; for GC : 1 vol% 

H~O 10.8% 
N~ Bal. 

Regeneralion 

O~ 5% 

N2 Bal. 

hoc~_l until tile temperature inside tile chamber mashes 500 ~ After 
the temperature reaches 500 ~ the mixed gas flows into the TGA 
by mmfipulating valves. Aft, el- reduction and sulfidafion reacfioils, 

tile TGA is purged by N2 gas. Then, TGA tenlperature is set to 700 
~ which is the regeneration temperature. After the temperature 
reaches 700 ~ regeneration gas is inboduced into tile TGA. As 

described above, a cycle of sulfidation and regeneration is repeated. 
The GC used in our research is a Young-hi M600D model 

(Young-In Ind. Korea) with TCD. Tile sorbent, 3 g, is loaded in a 
microreactor, which has 2.54 cm diameter and is made of quartz 
where a sb-atum is placed inside for quartz wool to support sor- 

bents. Composition of simulated gas for GC/inicroreactor experi- 
ment is similar to that for TGA. The difference of gas composition 
between TGA test and GC/inicroreactor test is tile concentration of 
H2S; 1% of H2S is used in order to save time in a multi-cycle 
reaclioi1 A small sized refiigerator is used to condense water in tile 

exit gas fi-om tile nlicroreactor. 

RESULTS AND DISCUSSION 

1. Determination of Support Content 
Sorbe~lts witi1 various silica content were stuclied to detemline 

appropriate silica content Results of the TGA test are shown in Fig. 
2. Desulfutizafion reaction of copper oxide-based sorbent consisted 

of two steps: reduction of copper oxide and sulfidation of copper 
with H2S. So, a typical result of the TGA test of copper oxide-based 

sorbent shows a decrease of weight first by fast reduction reaction 
and then shows weight gain by sulfidation. The changes of sulfur 

loading of sorbents are shown in Table 3. As shown in Fig. 2 and 
Table 3, sulfur loadkg of sorbents in file fn-~t cycle mainly depends 
upon metal content; sulfilr loading increased as metal oxide con- 
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Fig. 2. TGA otwves of CS2, 3, 4 and 5 (1.5 cyde). 

Table 3i Effects of support content on sulfur loading (TGA) 

CuO SiO 2 1 ~ cycle suffur 2 ~d cycle sulfur 
Sorbents 

(%) (%) olad~ng (%) loading (%) 

C82 65 35 10.7 10.4 
CS3 75 25 13.6 13.3 
CS4 85 15 14.5 13.1 
CS5 100 0 17.2 13.3 

tents increased. But in the second, sulfur loMing does not depend 
upon metal content It ~hows a decreasing tendency. Sulfur loading 
of CS5 decreased by 22.7% and that of  CS4 decreased by 9.7%. 
As compared to CS5 and CS4, CS3 and CS2 decreased by 2.2% 
and 2.8%, respectively. Fig. 3 shows SEM photographs of mPoents 
(fresh and reacted). As shown in Fig. 3, in the case of  CS5 and CS4 
sorbents pore slructure was deslroyed by sintering. However, in the 
case of CS3 and CS2, there is no remarkable s tm~ral  change be- 
tween fix~ sorbent and reacted sorbent. CS2 and C83 have sknilar 
pore structure. These results suggest that about 25% of silica would 
be necessary to maintain the structural integrity and the reactivity 
of  copper oxide-based sorbents. 
2. Effects of Additives 

The changes o f  sulfur loading ffsorbents with various metal ox- 
ide contents and fLxed silicacontent (25%) were studied to investi- 
gate effects of  additives on sutfidation reactior~ SuEur loading in- 
creased as metal oxide contents increased. But the increment of  
sulfur loading by sulfidation of MoO3 was negligible [Yi, 19991. 
Though it was expected that MoC~ would take amle el-promoter 
for sutfidation, a promoting effect of  MoC5 was not observed in 
this short-term sutfidationavgenerafion reaction in TGA test. There- 
fore, to investigate effects of  MoO3 and M n Q  on sulfidation in 
mulli-cyde reactions, CMS6 was tested in the C,-C/microreactor sys- 
tern and its result was compared to that of CS3. The reason ~tay 
CMS6 was chosen was that CMS6 showed better sulfur loading 
than any other sorbent containing MoO3 and MnO2 in TGA screen- 
ing test. As shown in Table 1, CS3 does not contain any additives 
besides CuO and SiO> Fig. 4 shows abreakthrough curve of  CS3, 
where breakthrough time increases as the cycle nanaber increases. 
Since microreactor tests were ca'fled out in afixed bed reactor, there 
was a considerable anount ofunreacted copper oxide in the early 
cycles. As the cycle was repeated, sorbent could provide more ac- 
cessible reactive sites to reaction gas. Sulfur loading of  sothmt was 
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Fig. 3. SEM photographs of sorbents (• 4000). 
(a) CS5 ~esh, (b) CgS a~r  30 cycle, (c) CS4 ~eah, (d) CS4 
after 20 cycle (e) CS3 #esh, (f) CS3 after 20 cycle, (g) CS2 
~esh, (h) C82 after 20 cycle. 
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Fig. 4. Breakthrough curves of CS3. 

calculated by counting out H2S concentration until it reached 50 
ppmv. Sulfur loadings of  CMS6 and CS3 mrbent in muN-cycle 
are shown in Fig. 5. As shown in Fig. 5, sulfitr loadings of CS3 be- 
fore the ftffia cycle are larger than those of CMS6. This is well 
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Fig. 5. Sulfur loadings of CMS6 and CS3 in multi-cycle reactions 
(basis ; 50 ppmv H~S out). 
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Fig. 7. Sulfur loadings of CMS6, CMA1 and CMZ1 in multi-cyde 
reactions. 
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Fig. 6. Weight gain of CS3 and CMS6 in TGA test. 

/ / -  
/ - - . - -  0-,83 

- - . - -  CMS6 '.,:.____S / 

matched with the result of the TGA test as shown in Fig. 6, be- 
cause CS3 cc~ltains more metal oxide contents thazl CMS6. In the 
TGA experiment for CMS6, the sorbent was sulfided with simu- 
lated coal gas after it had been fully reduced without H2S. From this 
TGA expelmlent the maximum sulfur loading and maximtml ex- 
tent of reduedon were obtained We found that CuO is reduced al- 
most 100% to Cu. However, it is hard to know whether the re- 
duced fcml of CuO is metallic Cu, Cu + or Oa 2+ at present since any 
morphological experiment data are not available at the point when 
the sorbent was fifily reduced. As the cycle number increased, sul- 
fur loaditgs of CMS6 became linger than those of CS3. CS3 sor- 
bent seemed to be fitly activated at around the 12 ~ cycle (sulfur 
loadizg was 8.2 g sulfur/100 g sc~bent), but CMS6 sc~-bent was ful- 
ly activated at around the 1 ?th cycle (sulfi~- loading was 13.8 g sul- 
fur/1 00 g sorbent). Sulfur loadizg of CS3 before the 5 ~ cycle re- 
ached to twice that of CMS 6, but sulfi~- loading of CMS 6 after 15 a' 
cycle, when sorbents were fitly activated, was almost twice that of 
CS3. Even though CS3 contained more OaO than CMS6, it showed 
poor sulfur loadiug. This implies that additives (1VIzlO2, M o Q )  
would promote sulfur loading ability. 
3. Effects of Support Material on Sulfur Loading 

To investigate effects of support material on sulfur loading, sor- 
bents with different support materials were prepared. Because CMS6 
showed belZer sulfur loading ability than any other sorbent in the 
TGA screening test [Yi, 1999], CMA1 and CMZ1 were prepared 
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with same metal oxide content ratio and different support material, 
?-ahanina and zeolite, respectively. Sulfi~- loadings of CMS6, 
CMA1 and CMZ1 are shown in Fig. 7. Even though CMA1 sor- 
bent had same composition of metal oxide, it showed very poor sul- 
fur loading. It was fully activated at around the 8 t~ cycle. Because 
support material of CMA1 was 3,-alumina and showed poor per- 
fonnance, it is clear that SiO2 is more suitable for support material 
than y-altanina. In the case of CMZ1, sulfin- loading before 7 ~ cycle 
was quite low like CMA1, and it increased until the cycle number 
reached 13. When CMZ1 was fifily activated, its sulfur loadkg did 
not reach that of CMS6. Its sulfur loading ranged between that of 
CMA1 and that of CMS6. The reason for this observation is that 
zeolite consists of alumina and SiO2. 

CONCLUSION 

Vmious sorbeiKs were prepared by simple mLxing method CuO 
was used as the main acdve material, MnO2 azlct Mc~3 were used 
as additives, and SiO2, 7-alumina and zeolite were used as support 
inaterials. TGA screening test. GC/microreactor multi-cycle reac- 
tion tests and sc~-bent chaz-acterization wee  carried out to find the 
most desirable sorbent compositiort About 25% of support content 
is required to inaintain reactivity and structural stability of sorbent 
for multi-cycle reaction. The promoting effect ofM(*7) 3 on sulfida- 
t_ic~l was not observed in the TGA experiment, but it became sig- 
itificant in multi-cycle reactions. In the GC/microreactor nmlti-cyde 
reaction, HzS breakthrough time of CMS 6 sorbent increased as the 
cycle number increased clue to stabilizadon of the sorbent struc- 
ture. The sorbent was fully activated mid stabilized after 15 th cycles 
azxl its sulfur loax!mg was 13.8%. The presence of a&litives (M~_) 3 
and MzlO2) enhanced sulfi~- loading. 

Composition of metal oxides was fixed to that of CMS6 since it 
gave the highest sulfta loading among the CMS series sorbents. 
CMA1 sorbent supported on g-alumina showed poor sulk- load- 
ing ability through the whole cycles. CMZ1 sorbent supported on 
zeolite showed poor sulfi~r loading ability during first few cycles 
and was fifily stabilized after the 13 * cycle. Based on sulfur load- 
ings observed in multi-cycle reaction, SiO2 was the most appropri- 
ate support material for the sorbent contaizmg OaO a,s main acdve 
material. 
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