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Abstract-A series of CaO-FeaO3 sorbents with 25 wt% SiQ as a support were prepared based on a simple mLxing 
method in order to evaluate the effects of FeaO3 on their desulfttrization reactivities. The initial reactivities of sorbents 
were tested by using a TGA and their cyclic performance was investigated in a GC/microreactor system. The activation 
energy calculated by the Chattezjee-Com-ad method based on the TGA expez-k-aent decreased as the content of FeaO3 
increased. Sulfur loading in the cyclic reactions increased with increase of Fe203 content, and its maximl.m-t value was 
8.9 g sulfur per 100 g sorbent. 
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INTRODUCTION 

The IGCC O~tegrated coal Gasification Combined Cycle) tech- 
nology has been widely s~.~died as a promising new candidate for 
coal utilization technology due to its higch heat efficiency. How- 
eve1; the desulfu~ization unit must be applied in order to remove 
HaS o~it of coal gas evolved from the gasifie~ Since HaS contained in 
coal gas is very con-osive to metallic eqniv~aent, the coal gas should 
be purified prior to entez-ing the gas turbine [Ryu et al., 1998; Choi 
et al., 1994; Moon et al., 1994; Kang et al., 1997; Lee et al., 1991 ; 
Park et aI., 1998; Jeon et al., 1995, 1997]. 

Wesanoreland and Harrison have performed extensive thermo- 
dynamic screening tests of desulf~ttizaton potential at high temper- 
atuxes for 28 basic metal oxides. They investigated the equilibrium 
sulfur removal and stability of solid mixtures up to 1,500 ~ based 
on the free energy minimization technique. Based on the experimen- 
tal results they suggested that 11 elemei~, i.e., Fe, Zn, Mo, Mn, 
V, Ca, Sr, Ba, Co, CS.t and W, have the thermodynamic feasibility 
[Wesl~noreland and Ha~-isoil, 1976]. Ayala et aI. investigated the 
thermodyxmmic equilibriv~ concenlxaton of HaS for several metal 
oxides in the range of 350-550 ~ Metals tested in their study were 
Cu, Z:1, Fe, Ni, S:; Co, Ivlo, M~ CuO and W. CuO showed the low- 
est HaS equilibrium concentration, whereas copper metal showed 
the highest This implies that C5.~O could be a very promising can- 
didate for desulf~rtzaton sorbent if reducton of CuO to C5.~ is min- 
imized [Ayala et al., 1997; Javad et aI., 1997; Lee et aI., 1997]. Song 
et al. and other researchers investigated the suitability of zeolite, y- 
alt~ma, SiQ for a support of CuO-based sorbent CS.10-based sor- 
bent supported on SiQ showed the best des~f~_rization performance. 
Also, in order to study the effect of SiQ content on s~ucmral sta- 
bility in long-term cyclic reactions, a series of sorbents of which 
SiQ contents are 0, 15, 25, and 35 wt% were prepared It was re- 
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ported fi-om this study that the sorbent of 25 wt% SiQ has the s~uc- 
t~traI stability and maximum utilization efficiency of copper [Song 
et aI., 2000; Yi et al., 1999; Joen et al., 1997]. Kyotani et aI. inves- 
tigated desulfimzation abilities of several CuO sorbents including 
pure CuO, physical mixture of CuO and SiQ, C'uO supported on 
SiQ, CuO dispez~ed on SiQ, and CuO supported on zeolite. It was 
found that the supported ChO sorbents have high reacfivities in both 
desulfurization and regeneration steps and show no reduction in 
reactivities during cyclic reactions. Howevez; the reactivity of the 
physically mixed CuO sorbent showed almost the same as that of 
the supported sorbents [Kyotani et aI., 1989]. 

In this study a series of CuO-FeaO3 sorbents supported on 25 wt% 
SiQ were prepared in order to investigate effects of FeaQ content 
on the perfozTaance of C-MO-FeaQ sorbei~s. Desulfurization and 
regeneration reactions were carried out at 500 ~ and 700 ~ re- 
spectvely. Reaction characteristics and desulfimization abilities of 
sorbents were investigated by TGA and cyclic reaction tests. 

METHODS 

1. Sorbent Preparation 
25 wt% SiQ was used as a support and the z-atios of CuO to Fe203 

were 9 : 1, 8 : 2, 7 : 3. Based on SiQ content, sorbents were named 
as CFS1, CFS2 and CFS3. The composition of sorbents is sum- 
marized in Table 1. Simple mixing was applied in preparing sor- 
bents instead of more sophisticated sorbent preparation methods 
such as precipitation and impregnation raethods due to economic 
feasibility. It has been reported that no significant differences existed 
in the performances of sorbents prepared using both the simple and 
sophisticated methods. [Kyotani et al., 1989]. A raw mixture of de- 

Table 1. composition of CuO-Fea03 sorbents (wt%) 

Sorbents CuO Fe203 SiO2 

CS3 75 
CFS1 67.5 7.5 

25 
CFS2 60 15 
CFS3 52.5 22.5 
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Fig. 1. 

? 

Schematic diagram of experimental apparatus. 
1. N2 10. Sym~ge pm~ap 
2. H~S 11. Heating tape 
3. SO2 12. Sample 
4. MLxing gas 13. Microreactor 
5. Air 14. Water trap 
6. N2 15. GC 
7. Flow meter 16. TGA 
8. MFC 17 Vent 
9. MLxmg tai~k 

sired composition was well mixed in a bail mill for 6 hours and then 
the mKmre was pasted by adding ethylene glycol. The paste was 
ex~uded by using an ex~udei; and the ex~udates were &'ied m an 
oven at 200 ~ for 4 hours. Dried extmdates were ffather calcined 
in a furnace at 700 ~ for 4 hours and fmaUy crushed and sieved to 
a size of 92-106 gin. 
2. Experimental  Procedure 

The exyemnental apparatus cor~sists of two mare parts: TGA and 
GC/microreactor systems as can be seen in Fig. 1. A TGA2050 TGA 
and M600D GC were use& The flow rates of reaction gases are 
coi~-olIed by MFCs. After being well mixed in a mLxmg ta~ ,  the 
gases are inlroduced into either TGA or GC/microreactor system. 
The composition of simulated gas ks summa-ized in Table 2. Water 
was injected into the gas stream by a symNe pump, and m order to 
make the injected liquid water the water valx~; all the gas lines were 
heated by using a heating tape. About 10 mg of sample was used 
for TGA expenments and about 3 g for GC/microreactor experi- 
ment.  The micn-oreactor was made of quartz and its diameter was 
25.4 ram. A them~ocouple was placed ~side the reactor to monitor 
the reaction temperatu~re. 

Table 2. Composition of simulated gas 

Sulfidation Regeneration 

TGA G C/microreactor TGA GC/microreactor 

02 5% 5% 

N2 Balatce Balance 

H2 11.82% 11.82% 

CO 19.18% 19.18% 

CO2 7.0% 7.0% 
H2S 0.28% 1% 

H20 - 10.8% 
N2 Balance Balance 

The TGA expez~nents were performed in two modes. One was 
the 1.5 cycle reaction of a general reaction sequence of descfffur- 
ization-regenemtion-desulffrization. The o ther  mode was the full 
reduction followed by desuL~-ization where the maxin~ta~ amount 
of re&lction orthe maximum sulfur loading of sorbent can be meas- 
ured In the lalter mode the sorbent was flatly reduced in a reducing 
gas stream containing no H2S, and after no ffather weight change 
was observed the simulated gas was introduced for desulfurizafion. 
In OC/micn-oreactor expez~nents a cyclic reaction of desuL~-iza- 
tion and regeneration was repeated, and in order to reduce the reac- 
tion rune 1% H2S was used. The concentration of H2S was ana- 
lyzed by GC equipped with a TCD. 

RESULTS AND DISCUSSION 

1. TGA Experiments 
hi TGA expez~aents, reduction of CuO-Fe203 results in a weig:~ht 

gain and its desulf~urizahon a weight loss. The max_tmtrn sulfa- load- 
mg of sorbent can be calculated based on the weight gain obtained 
from the desulfzrization after reductiorz In Fig. 2 results for C~O- 
Fe203 sorbents performed at a desulf~urization temperature of 500 ~ 
and a regeneration temperature of 700 ~ are compared with CS3 
sorbent that contains 75 wt% CuO and 25 wt% SiQ [Song et al., 
2000]. The amotat ofre&lcfion increases with Fe203 content, show- 
mg more weig:~ht loss on the graph. Results of 1.5 cycle reactions 
performed at the desulf~-ization temperature of 500 ~ and the re- 
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Fig. 2. TGA curves for sulfidation reactiort~ of CuO-Fe203 sorbenls. 
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Fig. 3. TGA curves for cyclic reactions of CuO-Fe:O3 sorbents. 
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Table 3. Sulfm- Ioadings of CuO-Fe203 sorbenls (g sulfm-/100 g sor- 
bent) 

CS3 CFS1 CFS2 CFS3 

Red. and sul. test 14.8 15.7 18.2 19.8 

TGA test 1 '~ cycle 13.6 13.7 13.0 11.5 

TGA test 2 ~'~ cycle 13.3 13.8 13.0 12.1 

generation tempemt~re of 700 ~ are shown in Fig. 3. Sulfur bad-  
ings of CS3 and CTSs sorbents for each expei~-nent are summa, 
rized in Table 3. In the desulfimzation at%r reduction the CFS3 sot- 
bent has the maximum sulfur Ioadmg of 19.8 g s~tthr/100 g sor- 
bent that ks 34% higher tha~ that of the CS3 sorbent In the 1.5 cycle 
experiments the apparent sulfur Ioadmg of each sorbent decreases 
compared to that in the desulfvhzation at%r reduction. T t~  is be- 
lieved to be a na~-al phenomenon since the reduction and desulfu- 
rization reactions take place simultaneously m the 1.5 cycle reac- 
tion, i.e., the competition between weight loss and weight gain exists 
so the true sulfiz loading cannot be seen clearly. Nevertheless, no 
sigmficant change in sulfur loading between the first and second 
cycle indicates the relatively stable desulfimzation ability of each 
sorbent. 

Based on TGA ~xpe~m~entaI data, the effects of Fe~Q content 
on the activation energy of reduction reaction were a~alyzed. The 
conversion of C'hlO-Fe203 reduction was calculated based on the 
foliowing two reactions since it is not possible to ds-ectly measure 
the change of each composition along the reaction time. 

CuO ,Cu+ I/2 Q~ (1) 

Fe~O~ 2Fe+3/20~ (2) 

As can be inferred fi-om the above equations, the amount of 02 
produced by the re&~ction is equal to the weight loss measured by 
the TGA. Therefore, the conversion X will be expressed as Eq. (3). 

X=[(100-TGA wt%)/totai amount of O~ (wt%)] (3) 

Ma2y rate equations for the rechction of C2~O-Fe~O3 sorbent might 
exist. Here, the power law expression for an in-eve~sible reaction is 
assumed and wiI1 be expressed as Eq. (4). 

dX/dt=k(I-X) ~ (4) 

The rote coz~stant k will be expressed as Eq. (5) fi-on~ the An-he- 
nius equation. 

k=aexp( - E/RT) (5) 

where A is a preexponential fi-equency factor, E is an activation en- 
ergy, R is a gas constant, and T is a absolute temperature. 

Eq. (6) is derived fi-om Eqs. (4) and (5). 

dX/dt=A(I - X)" exp(- E/RT) (6) 

Among many meth(xls to calculate the activation energy such 
as the Kissmger, Freeman-Carroll, Chatterjee-Conrad, and Fried- 
man methods, the Chatterjee-Conrad method was applied by as- 
s ~ i n g  an irreversible first order reactior~ By taking a logarithm 
on both sides of Eq. (6), Eq. (7) is obtained. 

li~(dX/dt)- In( 1 - X)=- E/RT+li'~A (7) 

The activation energy can be calculated fi-om a slope for a plot 
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Fig. 4. Activation ene ,~ ,  of CuO-Fe203 sorbents by Chatter]ee- 
Conrad method. 

Table 4. Activation enel~3r of CuO-Fe~O3 sorbents 

Sorbents Activation energy En-or range (%) 

CFS 1 149 kJ/mol +0.18 

CFS2 99 kJ/moI • 

CFS3 57 kJ/moI • 

of In(cLX/dt)-In(1-X) vs. 1/T. Results calculated based on the Chat, 
terjee-Conrad method are shown m Fig. 4 and Table 4. The data were 
taken from three experiments performed at reduction tempera0ares 
of 450, 500, and 550 ~ As can be seen flora Fig. 4, the data fit 
the straight line within an error range of 1%, indicating that the as 
strnptions made in the calculation are very reasonable. As S~aTLrna- 
hzed in Table 4, the activation energy for reduction decreases from 
149 kJ/moI to 57 kJ/mol as the amount of Fe2Q in the sorbent in- 
creases. Tt~  result in, plies that the presence of Fe203 in a CaO- 
based sorbent makes the reduction proceed more easily. 
2. GC/l~Iicl~l~actor Experiments 

This expem-nent has been peffom:ed to investigate the long-ten:: 
desulfarization ability of CtLIO-~PN203 sorbent in a fkxed bed microre- 
actor. A breakthrough curve for CTS3 sorbent is shown m Fig. 5. 
The time to reach the breakthrough point initially increased as the 
cycle repeated, but it decreased after a certain number of cycles, k 
is believed that at the initial stage the sorbent fon'ns its stable smac- 
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Fig. 5. Breakthrough curves of CFS3 sorbent. 
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Fig. 6. Sulfur loading vs. cycle number of CuO-Fe~O s sorbents. 

lure resulting in the increase of breakCl~ough time and then it gradu- 
ally loses its activity. 

Fig. 6 shows the sulfur loading of CuO-Fe203 sorbent during the 
cyclic reactions. CFS1 sorbent, of which Fe2Q content is 7.5 wt%, 
shows the best performance of about 8.9 g sulfur loading and its 
performance tends to increase with the cycle. CFS3 sorbent, which 
has 22.5 wt% Fe~O~ content, shows the best sulfur loading of about 
4.6 g. Vvt~ile the best sulfur loading of CFS1 sorbent occurs at the 
27th cycle, that of CFS3 occurs at the 13th cycle and thereafter CFS3 
sorbent experienced a decrease of sulfLu" loading. In other words, at 
the experimental condition of 500 ~ desulfurization temperature 
and 700 ~ regeneration temperature, higher Fe~O~ content resulted 
in lower sulfur loading. It is well known that Fe~Q has high desul- 
ft~ization ability at low temperature of 400 ~ However, it has some 
lfinitations to be applied as a sorbent at higher temperature due to 
ove~reducEon and folmafion of iron c~Dot~tes at temperatures above 
550 ~ and low desulfurization ability at teraperatures above 700 ~ 
[Crasper-Galvin et al., 1998]. A smular trend was observed as the 
content of F%O~ increased during this cycle test performed at even 
lower teraperabare of 500 ~ than that reported in the literature. 

XRD photographs for the sorber~ used in the cycle test are shown 

m Fig. 7, where the additional desulfurizaEon ability of Fe2Q is 
confirmed Park et al. reported that the chemical fonnulation of iron 
sulfide formed by the desulfimzation reaction is FeS2, while Tam- 
hankar et al. reported it as FeS~ [Park et al., 1992; Tanthat~kar et 
al., 1986]. However, the CuO-FeeO~ sorbent with 25 wt% SiQ sup- 
port has the FeS formulation by the desulfuaization reaction. 

C O N C L U S I O N  

The CFS3 sorbent of which Fe203 content is 22.5 wt% showed 
the lowest activation energy of 57 kJ/raol for the reduction among 
the CuO-Fe203 sorbents. The ChalIeljee-Coix-ad method fitted the 
TGA data very well in calculating the activation energy. The activa- 
tion energy decreased with the increase of Fe203 colltellt, indicat- 
ing easier reduction of sorbent. In the cyclic test the CFS1 sorbent 
of 7.5 wt% Fe2Q showed the highest sulfur loarling of 8.9 g among 
the CuO-Fe2Q sorbents. The performance of CuO-based sorbent 
could be improved by the addition of F%Q. 
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