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Effect of ZnS particle size on its oxidation behavior and cyclic desulfurization-regeneration
performance of resulting ZnO
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Abstract: Zinc oxide (ZnO) is widely used as a precise desulfurization agent in industrial processes, but its regeneration is difficult,
making recycling challenging. Existing studies mainly focus on the effects of operating conditions, such as temperature, oxygen concentration
and space velocity, on the regeneration rate, composition and structure of ZnO. However, the effect of the particle size of the desulfurization
product zinc sulfide (ZnS) on the cyclic desulfurization-regeneration performance of ZnO remains unclear. ZnS samples with different
particle sizes (13.98 nm, 18.48 nm and 33.00 nm) were prepared via a hydrothermal method, and oxidative regeneration/desulfurization
cycle tests were conducted. Characterization techniques including XRD, N, adsorption/desorption and XPS were used to compare the
composition and structure of the samples during three oxidative regeneration cycles, and to investigate the effect of ZnS particle size on
the cyclic desulfurization-regeneration performance of ZnO. The results show that ZnS particle size has a significant effect on the
oxidation regeneration rate, the crystallite size and the textural properties of regenerated ZnO. Smaller ZnS particles lead to faster
oxidation regeneration, with the oxidation time shortened by up to 60 min, and produce regenerated ZnO with smaller crystallite sizes
and larger specific surface areas, resulting in higher desulfurization activity during the oxidative regeneration/desulfurization cycles
tests. However, after three cycles, ZnO regenerated from small-particle ZnS exhibits the largest increase in crystallite size (68.7%), the
greatest decrease in specific surface area (29.0%), and generates the most zinc sulfate (ZnSO,), thereby showing the largest decrease in
desulfurization performance (32.6%).
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A-ZnO 17.9 25.7 30.2
B-ZnO 19.7 27.1 32.6
C-ZnO 21.1 27.2 33.8

3 YA PR PR i 1) N B/ BT i 2 L T 9
HT 11 9 TT I, FT A AR i B N R/ M5t B s 2 4 Dy i TR



% 64

M55 . ZnS KR st I BAAT A B M) ZnO BERL B £ BRI AL 69 %

=

o 101

IVALSEIR 26 Bl H3 A Je 34, T L R 2 A
ZR IS LG

W B /(em- g™

0.0 0.5 1.0
AHXE F1(0/po)
9 3RENEEDERAN, /R 2k

Fig.9 N, adsorption/desorption curves of samples during

three oxidative regeneration cycles
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Table 4 Textural properties of samples during three oxidative

regeneration cycles

Fedh HOREA /(m’gh)  BALER (em’g")  PHLAE /nm
A-ZnO-1 345 0.196 16.9
A-Zn0O-2 28.4 0.174 17.6
A-Zn0O-3 24.5 0.163 21.0
B-ZnO-1 273 0.197 239
B-ZnO-2 25.1 0.162 20.4
B-ZnO-3 223 0.134 19.2
C-ZnO-1 22.6 0.189 28.7
C-ZnO-2 22.4 0.183 235
C-ZnO-3 223 0.166 20.4
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Fig. 10 XPS spectra of samples during three oxidative regeneration cycles
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Fig. 11 FT-IR spectra of samples during three oxidative

regeneration cycles
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Fig.12 Sulfur mass fraction in samples during three

oxidative regeneration cycles

I HERR A SR ] 22 S 5 B ZnSO, 77 fil A%
FEA R P52, 3t — D52 T ZnS Rife X S A A
JEFE R ZnSO, & 5 10, 4 1) % (1) ZnS %64k 6 h
JallE 7 ZnSO, & (LA 20 #0845 RN 5.
HH3 5 7] A1, ZnSO, 7% & Bl ZnS RiARHE KT/ , 1X
& R NRIAR I ZnS 5 O, 77 T Hfili i AR, B
Ty KRR FE A

x5 SH6hFEZnSHTIRENSH

Table 5 Sulfur mass fractions in ZnS after 6 h of oxidation

B T o B 4 /%
A-ZnS 0.998
B-ZnS 0.966
C-ZnS 0.929
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