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Abstract— In this research, effects of the types and amounts of binders and additives on desul-
furization and regeneration reactivities of zinc titanate were investigated. Bentonite and kaolinite
were used as binders and Mo-based, Ni-based, and Cu-based compounds were used as additives. A
thermogravimetric analyzer (TGA) was utilized to investigate reactivities of desulfurization and re-
generation for each sorbent. Two-cycle reactions of desulfurization-regeneration were performed in
the TGA reactor. Results of XRD analysis showed that all sorbents had the crystalline phases of
Zn,TiO, and Zn,Ti,O, irrespective of the type and amount of binder and additive. Kaolinite-bound
sorbents gave higher surface areas than bentonite-bound ones and the surface areas and pore
volumes of sorbents increased with the amount of binder increased. It was found that the most suit-
able temperatures for desulfurization and regeneration were 680°C and 730°C, respectively, and the
sorbent prepared by the addition of 3 mol% CuO showed the best performance in terms of desul-
furization and regeneration. NiO-added sorbents had good regenerability whereas MoO;-based sor-
bents showed poor performance. In cyclic experiments in a fixed bed reactor 3 mol% CuQO-added
sorbent showed high reactivity.
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Table 1. Experimental conditions for TGA and fixed-bed microreactor.
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TGA Microreactor
Desulfurization Regeneration Desulfurization Regeneration

Temperature (°C) 580~730) 580~730) 680 730
Pressure (atm) 1 1 1 1
Total flow rate (ml/min) 150 150 333 525
Gas Composition (vol%)

H, 8.6 30.0

H.S 1.09 1.0

O, 4.20 20

N: Balance Balance Balance Balance
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Table 2. Physical properties of fresh sorbents.
‘ ICP . Bulk .
Sorbent  Type of  wt%.  Type of  mol%. Surface arca, X - MPV", densit MPDY,
Name'  Binder  Binder Additive Additive — m%g ZnOfMO.  mol%. g S A
molar ratio  Additives g/ml
ZTBS Bentonite 5 - - 3.0 - - 0.26 1.21 5200
ZTB10 Bentonite 10 - - 32 - - 0.28 1.17 4670
ZTB15 Bentonite 15 - - 29 - (.31 1.09 5015
ZTKS Kaolinite 5 - - 32 - 0.23 1.24 3510
ZTK10 Kaolinite 10 - - 33 - - 0.29 1.09 3950
ZTK15 Kaolinite 15 - - 38 - - 0.31 1.05 3840
ZTC3  Bentonite 5 CuO 3 2.6 1.45 31m 0.23 1.29 4210
ZTC6 Bentonite 5 CuO 6 2.4 1.64 6.00 0.20 1.41 3770
ZTCY Bentonite 5 CuO 9 2.5 1.48 9.02 0.21 1.30 4080
ZTM3 Bentonite 5 MoO, 3 0.5 1.50 295 0.03 2.28 1110
ZTM6 Bentonite S MoQ, 6 0.4 1.65 5.73 0.02 1.92 1220
ZTMY  Bentonite 5 MoO, 9 0.4 L.66 9.01 0.02 1.96 1130
ZTN3  Bentonite 5 NiO 3 23 1.5 3.01 0.23 1.25 3910
ZTN6  Bentonite 5 NiO 6 2.2 1.54 5.62 0.23 1.25 4990
ZTNY  Bentonite S NiOQ 9 2.1 1.54 8.5 .24 1.21 4370

Note: 2: ZT for zinc titanate, B for bentonite, K for kaolinite, C for CuO. M for MoO,, N for NiO, and numbers for percentages.

tr: mean pore volume. ¢: mean pore diameter.
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Fig. 1. XRD peak for 3 mol% CuO-added zinc ti-
tanate.
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(a) Desulfurization (5 wt%, 680°C, 1 st cycle)
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Fig. 2. Effect of binder type on sorbent reactivity.
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Fig. 3. Effect of bentonite binder contents on sorbent
reactivity.
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