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Preparation of TiO,/CuS composite materials and their performance in
photocatalytic degradation of polluted wastewater

WANG Shuhong’, CHEN Budong, CAO Feifei, WU Qijun, QIAN Chunbo, XU Feixing, LI Zhongping
(Hangzhou Chuhuan Science and Technology, Co., Ltd., Hangzhou 310000, China)

Abstract: TiO,/CuS composites with different molar ratios (1:1, 1.5:1,2:1,2.5:1,3:1, 3.5:1, 4:1) were prepared
using homogeneous precipitation hydrothermal method. The representative sample (3:1) TiO,/CuS contained Cu-S
characteristic bonds and Ti-O-Ti bonds by FTIR. XRD characterization showed that the (101) and (204)
characteristic crystal planes containing CuS(102) and TiO, were successfully combined. UV vis DRS
characterization showed that after recombination, the absorption band edge shifted red and the light response range
was enhanced. PEC and PL characterization showed that TiO,/CuS composite formed a heterojunction to delay
photo-generated electron (¢”)-hole (h") recombination. After using a 350W xenon lamp to simulate the degradation
of phenol and tetracycline (TC) under sunlight, the photocatalytic activity of the sample was tested. It was found
that the optimal photocatalytic degradation activity was achieved when the TiO,/CuS molar ratio (3:1) was used, with

degradation rates of 99.38% and 97.99% for phenol and TC, respectively. The rate constants were 0.052 48 min™' and

I #e B #5:2023-10-12; 18 B H #3:2023-12-13
BEEE: TRA1993— ), TR, 2G5 A 306 bR 220 B & B3 TR 5 .
E-mail: 1114293595@qq.com



878 Reskkttyh L2

2024 4F 12 A

0.036 43 min™', respectively, which were 3.503 3 and 2.207 8 times higher than pure TiO,. Free radical capture

experiments conducted on (3:1) TiO,/CuS samples found that the inhibitory effect of superoxide radical (O*") was

the most significant, indicating that O~ was the main active substance involved in the reaction. The heterojunction

formed by the combination of TiO, and CuS is beneficial for the separation of e -h’, promoting the increase of active

free radical content and improving photocatalytic activity, which has application prospects.

Keywords: TiO,/CuS composite material; photocatalysis; degradation of polluted wastewater
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B1 #H&BEISEM%: (a)CuS;(b) TiO,; (¢) (1:1)TiO,/CuS ;(d) (1.5:1)TiO,/CuS; (e) (2:1) TiO,/CuS; (f) (2.5:1) TiO,/CuS;
(g)(3:1)TiO,/CuS; (h) (3.5:1) TiO,/CuS; (i) (4:1) TiO,/CuS
Fig.1 SEM images of the samples: (a) CuS; (b) TiO,; (¢) (1:1) TiO,/CuS; (d) (1.5:1) TiO,/CuS; (e) (2:1) TiO,/CuS;
(£) (2.5:1) TiO,/CuS; (g) (3:1) TiO,/CuS; (h) (3.5:1) TiO,/CuS; (i) (4:1) TiO,/CuS

(b)

100 nm

CuS(102)
0.307 nm %

0.3

10 nm

B2 #&A(3:1)Ti0O/CuSHI TEM % ((a).(b)) % HRTEM%((c).(d))
Fig.2 TEM (a), (b) and HRTEM (c¢), (d) of (3:1) TiO,/CuS samples
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TiO, FE S 7E 500~800 cm ™' 2 [A] 45 B i A4 AE I, U5 ) s AR gg  Horp | (3:1) TiO,/CuS BEf 8l i35 . o]
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Fig.3 Nitrogen adsorption and desorption isotherms Fig.4 FTIR spectra of samples

curves of samples
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Table 1 Specific surface area, pore volume, and pore size of the samples

FE it IR/ (m/g) AR (emi/g) FLRF /am
CuS 21.19 0.070 13.54
TiO, 43.92 0.187 17.36
(1:1)TiO,/CuS 11.44 0.065 18.35
(1.5:1)TiO,/CuS 13.82 0.074 19.76
(2:1)TiO,/CuS 15.74 0.076 20.04
(2.5:1)Ti0,/CuS 16.35 0.083 21.56
(3:1)TiO,/CuS 17.68 0.065 24.87
(3.5:1)TiO,/CuS 12.27 0.066 23.93
(4:1)TiO,/CuS 8.95 0.049 17.64
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Fig.5 XRD patterns of CuS, TiO, and(3:1)

TiO,/CuS composites samples
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Fig.6 UV-vis DRS spectra of CuS, TiO, and (3:1)

TiO,/CuS composites samples
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Fig.7 XPS images of (3:1) TiO,/CuS composites samples: (a)Spectrum of (3:1) TiO,/CuS;
(b) Ti2p;(c) O1s;(d) Cu2p;(e) S2p
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Fig.8 Photocurrent measurements of samples
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Table 2 Mass fractions of Ti and Cu in X-TiO,/CuS samples

B % (TR KD

B Ti & i Cufiig
(1:1)TiO,/CuS 26.48 35.72
(1.5:1)TiO,/CuS 31.96 28.75
(2:1)TiO,/CuS 3591 2437
(2.5:1)TiO,/CuS 53.88 27.69
(3:1)TiO,/CuS 41.75 18.34
(3.5:1)TiO,/CuS 43.98 16.67
(4:1)TiO,/CuS 45.80 14.83

K11 s RS (3:1) TIO,/CuS TR 5256, %
IR KA T A A R A S, FE AR 40k, A 11
R A 56 B 2 A0 P U BRI R L 26 1R
99.38%; &5 2 ¥K , 98.7%; % 3 ¥, 97.6%; 45 4 WK,
95.9% , B it R LR R TE 95% LU L, Ul B &2 & 1k
(3: 1)TIO,/CuS YA AR i PR Re A8 fb/ )N, 20 5y HoAR
FE VRS, AT R HAT SEBR N HE T A
A, $2 R R R

12 ff75 9 (3: 1) TiO,/CuS & & 8 BHK [ i %
WA . — AT HLTS Yo Wy 18 O i 1k 1% At o
1, +O> . - OH Fl h'J& FE M A ML 43+ 1 35 25 B g i 1k
Y. SRR ERAE R 3 A P P A I TS e

TE LR 433 1 mmol #4% 25157 (BZQ) AL
TEE(TBA) fil Z -} WU 2 R (EDTA)/E R -O* . -OH
FTh BB R 12 7] 0L, At , (3:1)
TiO,/CuS XA i B fift %4 99.38% , A BZQ .TBA
Al EDTA J& %5 28 By (9 B ff % 43 il 0 9.56% .
25.72%.69.88%. FHILHE[ %I, h* -OH fil-O* = H #k S
5T Rt i A BZQ S5, X AR A 4
VR FH e B 2, U BH - O & R B e Ak S AL R A 1) =
BRI Rl

13 it 75 49 (3:1) TiO,/CuS & & # FH G AL
RNt AR E L B %, A (3: 1) TIO,/CuS & &k R
ISR T AT, 25 1 B SRS 3R (1 12),
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Fig.10  Photocatalytic activity comparison of samples: (a) photocatalytic degradation of Phenol; (b) photocatalytic
degradation of TC ; (c) degradation kinetics of Phenol; (d) degradation kinetics of TC
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Table 3 Quasi—primary rate constants for catalysts in the degradation of phenol and TC
teE 27 R HAH (k) /min HRRE(R)
4l TiO, 0.014 98 091578
(1:1)TiO,/CuS 0.021 43 091123
(1.5:1)TiO,/CuS 0.004 36 0.969 07
(2:1)TiO,/CuS 0.012 21 0.971 98
ZK 13 (Phenol )
(2.5:1)TiO,/CuS 0.014 56 0.906 51
(3:1)TiO,/CuS 0.052 48 0.921 07
(3.5:1)TiO,/CuS 0.020 33 0.91592
(4:1)TiO,/CuS 0.010 94 0.940 94
4fi TiO, 0.016 50 0.838 37
(1:1)TiO,/CuS 0.024 81 0.841 13
(1.5:1)TiO,/CuS 0.008 24 0.882 97
2:1)TiO,/CuS 0.01571 0.948 41
ik %R (TC) (2:DTI0,/Cu
(2.5:1)TiO,/CuS 0.017 64 0.873 07
(3:1)TiO,/CuS 0.036 43 0.807 75
(3.5:1)TiO,/CuS 0.022 46 0.888 07
(4:1)TiO,/CuS 0.014 40 0.902 27
100 | 100 F e
80 80 F
69.88
= 60} = 6ol
i kS
# 40F ¥ 40
25.72
20F 20+
9.56
0 0 - L
2 3 4 JEA A BZQ TBA EDTA
TR EL/ IR
12 #%RFIBZQ.TBA F1EDTA ¥F(3:1)TiO,/CusS S #EL
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Fig.11 Circulating experiments on (3:1) TiO,/CuS

Fig.12 Effects of quenchers (EDTA, TBA and BZQ) on
the photocatalytic degradation of phenol by (3:1) TiO,/CuS
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