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Abstract — In order to investigate the effects of sulfidation/oxidative regeneration cycle on the change of structural prop-
ertics and removal capacity of sorbent, sulfidation/regeneration cycle was carried out up to 15 times in a fixed-bed reactor.
The effluent gases from the fixed-bed reactor were analyzed by gas chromatography, and XRD, SEM, and liquid nitrogen
physisorption method were used to characterize the reacted sorbents. The sorbent treated first sulfidation/regeneration cy-
cle exhibited maximum specific surface arex and the highest H.S removal capacity. Hysteresis of adsorption isotherm of
the regenerated sorbent reflected the growth of pores of fresh sorbent and pore size distribution confirmed this fact. Furth-
ermore constant H.S removal capacity was maintained up to 15 times of sulfidation/regeneration cycle.
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INTRODUCTION

Nowadays, environmental pollution has been serious global
problem and legal regulation like Clean Air Act has been rein-
forced.

The objective of this study is removal of H,S, one of the
most dangerous air pollutants. Although conventional process
called cold scrubbing technique is effective for the removal of
H.S, it has demerits; loss of sensible heat of the gas and costly
wastewater treatment [Lew et al.,, 1989]. As a alternative, high
temperature desulfurization method using metal oxide and mix-
ed metal oxide sorbents has been accomplished to e¢nhance the
efficiency of H,S removal from the hot coal-derived gas [Cannon
and Denbigh, 1957; Tamhankar et al., 1981, 1936; Yumura
and Furimsky, 1986; Yoo, 1986; Lee et al., 1991, 1995; Choi,
1992]. These metal oxide/mixed metal oxide sorbents must
have not only high H,S removal capacity but also good re-
generabilty. Many investigators reported valuable results about
regeneration of sulfided sorbents [Griendley et al., 1981; Harris-
on et al., 1989; Park et al., 1992; Lee et al., 1994, 1995].

In our previous studies, optimal reaction conditions for sul-
fidation and the effects of regeneration temperature, oxygen con-
centration and Fe,O. additive on the oxidative regeneration of
sulfided sorbent with O. have been determined [Lee et al,
1991, 1994, 1995; Choi et al., 1992; Park et al., 1992].

In the present study, the effect of structural changes of the
sorbent was investigated due to sulfidation/oxidative regener-
ation cycle on the H,S removal capacity of ZnO-5 at % Fe,0;
sorbent with the aids of SEM, BET, XRD.

It was reported that ZnO was a very effective sorbent for H;-
S removal and regeneration, but it has a big flaw to vaporize
elemental zinc above 600°C [Lew et al., 1989]. Addition of 5
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at % Fe.O, was made to accelerate the initial rate of sulfidation,
to prevent vaporization of ZnQO to elemental zinc and sintering
of sorbent due to sulfidation [Yoo et al., 1995]. The expression
at % means that the percent by weight of mixture divided by
atomic weight.

EXPERIMENTAL SECTION

1. Preparation of Sorbent and Sulfidation/oxidative Regener-
ation Cycle

Our recent research [Lee et al., 1995] explained the pre-
paration method of the metal oxide sorbent and sulfidation/ox-
idative regeneration cycle experiment in detail.

2. Characterization of Sorbent

The fresh, sulfided, and regenerated sorbents were charac-
terized by several bulk, and surface analysis techniques.

(1) X-ray diffraction (XRD, Rigaku RAD-C) was performed
for identification of crystalline phases and solid products in the
metal oxide sorbent.

(2) Scanning electron microscopy (SEM, JEOL-JSM-3 SCF)
was used to observe the surface morphology of sulfided and re-
generated sorbents.

(3) Liquid nitrogen physisorption method (Micrometric ASAP
2000) was applied to investigate the adsorption isotherm and
structural properties (specific surface area, total pore volume,
and average pore diameter).

RESULTS AND DISCUSSION

Table 1 showed change of structural properties of reacted sor-
bents obtained from the liquid nitrogen physisorption method.
Sulfidation made specific surface area and total pore volume de-
crease, and oxidative regeneration made these properties in-
crease. This is a common phenomenon in gas-solid reaction. It
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Table 1. Liquid N, physisorption analysis data

Sorbent Surfacze area T(\)I:?lluri Zre A'verage pore
(m’/g) (cclg) X 10° diameter (A)
fresh 2.65 2.15 32.51
1st Sulfidation 2.52 1.97 69.46
1st Regeneration 33.72 270.40 320.30
2nd Sulifidation 425 8.63 81.14
2nd Regeneration 5.97 41.90 318.23
4th Sulfidation 5.27 24.22 162.26
4th Regeneration 9.79 74.05 302.58
6th Sulfidation 3.87 7.48 7124
6th Regeneration 11.87 101.50 341.98
8th Sulfidation 4.08 10.97 107.49
8th Regeneration 11.09 95.13 343.25
10th Sulifidation 2.78 7.37 77.92
10th Regeneration 10.27 78.62 306.33
15th Sulfidation 4.00 10.39 103.72

was reported that average pore diameter increased after sul-
fidation and decreased after oxidative regeneration |Harrison et
al., 1989}, although, the reverse was occurred in this study. Al-
though the appropriate reason was not clear, one reason is con-
sidered to be very high average pore diameter of the first re-
generated sorbent. Especially, the sorbent treated by first sulfid-
ation/regeneration cycle exhibited the highest specific surface
area. This is a reason of better H,S removal capacity of re-
generated sorbent than that of fresh sorbent. This fact is similar
to that of Harrison et al. {1989}

Fig. 1 showed the liguid nitrogen adsorption isotherm of the
regenerated sorbent. This isotherm belongs to Type IV iso-
therm and hysteresis, which did not detect in the fresh sorbent,
represented the pore growth of fresh sorbent. It was found that
adsorption isotherms of sulfided sorbents were alike regardless
of number of sulfidation, and those of regenerated sorbents
were similar regardless of number of regeneration. This means
that sulfidation and regeneration did not change the pore struc-
ture of sulfided and regenerated sorbent, respectively.

Fig. 2 represented the pore size distribution of fresh and re-
generated sorbents. The small pores of fresh sorbent (about 300
A) disappeared and the growth of pore size due to regeneration
was confirmed

Fig. 3 and Fig. 4 depicted SEM morphology of reacted sor-
bents. Photos of sulfided sorbents showed coagulation of sor-
bent grains and this agglomeration decreased specific surface
area of the sorbent. Surface morphology of sulfided sorbents
was alike regardless of number of sulfidation cycle. This fact is
coincidence with the conclusion resulted from similar adsorp-
tion isotherm of the sulfided sorbents. On the contrary, the pho-
tos of the regenerated sorbents showed cracks between the sor-
bent grains and this cracks provided high specific surface area
and, thus, high H.S removal capacity than that of fresh sorbent.

Conversion-time curves for sulfidation were represented in
Fig. 5 and Fig. 6. The definition of conversion was 1-C./Cy
where C, is the effluent concentration of H,S at arbitrary time
and C,, is the inlet H,S concentration. The removal capacity of
H.S, calculated from the area under the time-conversion curves,
was shown in Fig. 7. The removal capacity of sorbents was
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Fig. 3. SEM morphology of reacted sorbents.
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Fig. 5. Conversion vs. time curves for sulfidation.

considered to be constant, although, first sulfidation/regener-
ation treated sorbent exhibited the highest removal capacity.
This was due to high specific surface area of the sorbent. In
general the reactivity of solid reactant in gas-solid reaction is
high as specific surface area of solid reactant is large and first
sulfidation/regeneration treated sorbent had the highest specific
surface area. Furthermore, the removal capacity of regenerated
sorbent was higher than that of fresh sorbent and this is also
considered to be caused high specific surface area.

XRD analysis for sulfided and regenerated sorbents confirm-
ed the complete sulfidation and regeneration.

CONCLUSIONS

Sulfidation decreased specific surface area and pore volume
and oxidative regeneration increased those properties.
The sorbent treated first sulfidation/regeneration cycle ex-
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Fig. 6. Conversion vs. time curves for sulfidation.
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Fig. 7. H;S removal capacity for sulfidation cycle No.

hibited the highest specific surface area and thus the highest H,-
S removal capacity.

The removal capacity of regenerated sorbents was higher
than that of fresh sorbent and was considered to be constant re-
gardless of sulfidation/regeneration cycle except first sulfidation/
regeneration cycle.
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