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Preparation of coal gangue/BiVO, composite photocatalyst and its degradation of

xanthate wastewater

TANG Shuang, ZHANG Xuegiao', JIANG Liping , ZHONG Xiaojuan , XIAO Li , WEI Yufan
(School of Resources and Environment, Chengdu University of Information Technology, Chengdu 610225, China)

Abstract: Xanthate in mineral processing wastewater can do serious harm to environment. Bismuth vanadate can
degrade xanthate under visible light, but its serious electron-hole complex affects its practicability, in view of the
abundant pore structure and composition of coal gangue, the coal gangue supported photocatalyst (CG/BiVO,) was
synthesized by hydrothermal method. The catalysts were characterized by XRD, FTIR, SEM, UV-Vis DRS, PL, the
photocatalytic degradation of xanthate and the mechanism of coal gangue modified bismuth vanadate were invest-
igated under visible light. The results showed that the photocatalytic activity of the supported CG/BiVO, is signific-
antly higher than that of the pure BiVO,. Under the conditions of 20wt% coal gangue loading, pH=7, catalyst dosage
is 1.5 g/L, initial concentration of xanthate Cy=10 mg/L, the degradation rate of xanthate over CG/BiVO, reached the
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maximum at 540 min, which was 93% . The photodegradation process of xanthate complied with the first-order kin-
etic model. After treatment, the concentration of chemical oxygen demand Ccqp was 11.47 mg/L, which met the
emission standard. The predicted degradation rate of 20%-CG/BiVO, was only 0.96% different from the actual de-
gradation rate, which indicated that the model could predict the degradation rate of 20%-CG/BiVO,. The results
show that the loading of CG can significantly increase the specific surface area of the catalyst, improve its response
to visible light, increase the separation efficiency of electrons and holes in the photocatalytic system, and decrease
the recombination probability of photogenerated electrons and holes, this is an important reason for the improve-
ment of the performance of the composite photocatalyst, the mechanism analysis showed that h* was the main free
radical in xanthate photodegradation, while «O; and «OH were secondary, under the action of free radical, the alkyl
group and C=S in the xanthate were firstly broken, and formed the intermediate product, peroxy xanthate (ROC-
SSO7), then mineralized to form small molecules such as SO,*. After 7 h of photoreaction, the conversion of Sulfur
was close to the degradation rate of xanthate, and the degradation rate was not less than 90% after 5 cycles, it can be

seen that the catalyst has good photocatalytic performance, which lays a theoretical foundation for the resource util-

EEMRER

ization of coal gangue in the photocatalytic field.
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VEW K B G AT R ME S EE T
wR RV PR 25, k22304 ROCS,M (R=7%
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Sample area/(m*g™) CG/wt%
BiVO, 2.5 —
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1Y 43T 53 16 5 BivO, By A1 #E &l 3% JCPDS K i 14-
0688 — 2, H v 20 % 18.7° . 28.9° . 30.6°, 35.2°
1 53.3° &b (4 58 AT 5 06 4 ) X6 07 T B RHEE BiVO, 1Y
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Fig.1 XRD patterns of BiVO, and CG/BiVO,
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Fig.3 SEM images of BiVO, (a), 10%-CG/BiVO, (b), 20%-CG/BiVO, (c), 30%-CG/BiVO, (d) composite
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k—First-order kinetics constant; C,—Initial concentration of xanthate solution (25 mg/L); C—Xanthate concentration in solution
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Fig.8 (a)Adsorption equilibrium diagram of CG, BiVO, and CG/BiVO, composite on xanthate; (b) Degradation effect of CG, BiVO, and CG/BiVO,

composite on xanthate; (c) The first-order kinetic model
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(2) e o [ T gE 2 A B

M) 7 T 32 F) = B SEUARLJE: FH A5 A0 o B0 fBl 4R
BRI ARG BN 2 MRS R . &
U SR SR b, BERE SO R 4G pH (E . i1k
RN . BAWIRWE Cy iX 3 A2 & JEfT
me 1 18 53 AT, DAPE B A5 f ok B T AR . AR R
Box-Behnken 1% 11 /%, #ix T =K &K HAIKFERY
W B %, WA 17 ARG R, RS
KU 2,

SEHTE AT 17 KL S, T Design-expert
B SR A B LG AT R A, 5 ) R R 1 i)
MUHB ARSI (YRR B2 REMR, A R
pH {H, B AMERIBINE , CHEAWIEIE C):
Y =85.75-2.38A—0.18B —2.01C + 0.37AB+

1.88AC +0.29BC + 1.7A% +0.81B% +0.58C?

XA AT O 200, M R IR 3. ]
R, ARSI e AR EA R W, p<0.0001,

AU AT AS 5 25, DL b B BB B9 [l 5 O i
ARFFA LRG0, AT LA F MRS 7 X6) S 56 [ fige %
AT R .

%2 M CG/BiVO, XM EHMERRKTF

Table 2 Factors and levels affecting CG/BiVO,
photodegradation of xanthate

BT ep DY ZR AL C RS W L B S R R R R,
&3 ik CG/BIVO, SLREME T EIFREE T E S 1

Table 3 Variance analysis of regression model 1 in optimizing CG/BiVO, photodegradation of xanthate

Lever
Factor

-1 0 +1
pH 7 9 11
Dosage of catalyst/(g-L™") 3 3.5 4
Cy/(mg-L™) 10 25 50

Note: C,—Xanthate initial concentration.

% 4 AL CG/BIVO, Yt W fifk v 2 S 56 v [l 15
B Iy 22 0 1 20 TS0, 4 & &R 4 R°=0.9847,
R IE &8 R.=0.9649, I KT 0.9, RAAIHIA
SR AT o 78 5 R AL CV R My i AR AR B aiE AR S AR
JER B EE AR, RO T OB Y B R A AR A
CV{HE} 0.59%, B EE R LISz, R UIIA A
IR X =

Source SS DF Mean square Fvalue p value prob>F Coefficient

Model 118.69 9 13.19 49.93 <0.0001 Significant
A 43.88 1 43.88 166.11 <0.0001 -2.38

B 0.26 1 0.26 1.00 0.3505 -0.18

C 32.36 1 32.36 122.52 <0.0001 -2.01

AB 0.56 1 0.56 2.13 0.1878 0.37

AC 14.63 1 14.63 55.37 0.0001 1.88

BC 0.36 1 0.36 1.35 0.2830 0.29

A? 12.23 1 12.23 46.30 0.0003 1.70

B? 2.77 1 2.77 10.50 0.0142 0.81

c? 1.19 1 1.19 4.49 0.0718 0.58

Residual 1.85 7 0.26

Lack of fit 1.30 3 0.43 3.19 0.1460 Not significant
Pure error 0.55 4 0.14

Cor total 120.54 16

Notes: A—Initial pH of the reaction; B—Catalyst dosage; C—Initial concentration of xanthate; SS—Sum of squares; DF—Degree of

freedom.

fifi 1 Design-expert 15 % 3 4~ & 2 14 52t A &

KT WA R AL

=B NTETES R S I B Y

A LAFE Y, 2GR R AR TR R O, PR fd Y A
S AR B SR AT AR AL L i O DG Ak g R T A
pH=7.0. &k 3.8g/L. C;=10.1 mg/L &}, i
D 25 [ A R GR B e K, R 94.14%., e IEASE A
T A, 7R S W BN R AL S B
4 3 B 24 540 min [ i %<4 95.10%, 5 I (E AH
F5+0.96%, A VLA R IR A AR, AR S B AR LA
U 52 B B A 1 DL o

F4 R CG/BiVO, SEFEMEE T SLI6 i B TR
FEFH 2

Table4 Variance analysis of regression model 2 in

optimizing CG/BiVO, photodegradation of xanthate

Project Value Project Value
Std.Dev 0.51 R 0.9847
Mean 87.49 Adj R-Squared 0.9649
CV/% 0.59 Pred R-Squared 0.8166
PRESS 22.10 Adeq precisior 23.555

Notes: Std.Dev—Standard deviation; CV— Coefficient of variation;
PRESS—Predicted residual error sum of square; R*—Coefficient of
determination; Adj—Adjusted multiple correlation cofficient;
Pred—Predictive correlation coefficient; Adeq—Adeq precision.
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Fig. 11 (a) Response surface of factors A and B; (b) Contour and response surface of factors A and C; (c) Contour and response surface of factors B and C
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Fig. 12 Cyclic reaction diagram of 20%-CG/BiVO,
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Fig. 14 FTIR spectra of xanthate solution in the process of photoreaction
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Table5 SO,> concentration and sulfur conversion in
photodegradation of xanthate by CG/BiVO,

Concentration of Conversion of

Light ti h
ight time/ $0,>/(mgL") sulfur/%
1 12.86 25.72
2 22.25 44.50
3 27.48 54.96
4 28.75 57.50
5 31.29 62.58
6 38.24 76.48
7 4534 90.68
50 5
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Fig. 15 Change rule of xanthate, SO,*” concentration and S conversion

rate during the reaction
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