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Photocatalytic Performance of Copper Zinc Tin Sulfide via Hydrothermal Synthesis
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2. Key Laboratory of Photovoltaic, Gansu Province, Lanzhou 734406, China)

Abstract: Cu,ZnSnS, has good photocatalytic application prospects due to its high absorption coefficient in a visible light range and
high carrier mobility, but the limited photocatalytic activity and catalytic stability restricts its practical applications. Cu,ZnSnS,
nanomaterial was prepared by a hydrothermal method with zinc chloride, tin chloride, copper chloride and thiourea as precursors, and
PEG400 and OP10 as surfactants. The microstructure of the as-prepared Cu,ZnSnS, nanomaterial was characterized and the influence
of surfactant on the optical band gap and the photocatalytic degradation performance of the samples was determined by X-ray
diffraction, Raman spectroscopy, X-ray photoelectron spectroscopy, scanning electron microscopy, and transmission electron
microscopy, respectively. The results show that three kinds of Cu,ZnSnS, materials prepared all have a kesterite micro-phase, and the
addition of PEG400 and OP10 into the precursor results in the variation of the microstructure, stoichiometric ratio and optical band
gap of the materials, consequently determining their photocatalytic properties. After methylene blue degradation for 50 min,
Cu,ZnSnS4 nano-powder synthesized with PEG400 has an optimum photocatalytic degradation rate (i.e., 95.7%). It is indicated that
the photocatalytic activity and stability of Cu,ZnSnS, nanomaterials can be improved by reducing the optical bandgap and enhancing
the crystallinity, thus paving a promising approach to improve its photocatalytic performance.
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(b) Raman patterns

CZTS-N represents the CZTS sample prepared via hydrothermal method without surfactant; CZTS-P and CZTS-O represent the CZTS samples prepared via

hydrothermal method with the addition of PEG400 and OP-10 respectively.

K1 CZTS gK¥ K1) XRD 11 Raman 1%
Fig. 1 XRD and Raman patterns of the CZTS nanopowders
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Fig.2 SEM images of CZTS samples

F 1 CZTS HRHHE XRD S5
Table 1 XRD parameters of the CZTS samples

Samples 200(°) a=blA A FWHM/C)
CZTS-N 28.50 5431 10.803 0.381
CZTS-P 28.49 5427 10.806 0.407
CZTS-0 28.51 5432 10.826 0431
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Table 2 Element content and stoichiometric ratio of the
CZTS powders

Samples CZTS-N CZTS-P CZTS-0

S 52.6 54.8 48.0

Cu 34.6 233 31.7

Zn 7.2 8.2 8.8

Sn 5.5 13.6 11.5
Cu:Zn:Sn:S 2.6:0.6:0.4:4.0 1.7:0.6:1.0:4.0 2.6:0.7:0.9:4.0

3 NS CZTS 499Kk K TEM Al
HRTEM [ fr. TEM B EoR: CZTS-N A
3a) iR NGB, KN AiI5); CZTS-P 1Y

(c) TEM image of CZTS-P

(e) TEM image of CZTS-O
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(d) HRTEM image of CZTS-P

(f) HRTEM image of CZTS-O

B3 CZTS Kk #KfK) TEM #1 HRTEM 1
Fig.3 TEM and HRTEM images of the CZTS nanopowders
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Fig. 4 Schematic of different surfactants in the process of
CZTS preparation
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(a) UV-Vis spectra of CZTS samples
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Fig. 5 UV-Vis spectra and (ahv)” versus hv plot of the CZTS
samples
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(a) Photocatalytic degradation of methylene blue in presence of CZTS
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(b) First-order kinetic models of methylene blue photocatalytic degradation
by CZTS
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methylene blue photocatalytic degradation by CZTS
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Fig. 7 Cycle curves of photocatalytic degradation of
methylene blue in presence of CZTS
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Fig. 8 Degradation curves of methylene blue by CZTS under
light irradiation and in darkness
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Fig. 9 Effect of the scavengers on photocatalytic degradation
of methylene blue in presence of CZTS
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