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Abstract

With the continuous development of the printing and dyeing industry and the widespread use of
chemical dyes, a large amount of wastewater has been produced, which has seriously affected the aquatic
environment. In particular, the main component rhodamine in printing and dyeing wastewater has
carcinogenicity and mutagenicity, which seriously endangers human health. Photocatalytic oxidation, as the
main technology to degrade pollutants into harmless products, is environmentally friendly and has no
secondary hazards. It has applications in industry, coatings, petrochemical and other fields. However, the
efficient visible light absorption and the separation of hole-electron pairs hinder its further development.
Therefore, it is particularly important to seek a semiconductor material sensitive to light response. BiVOy is
considered to be an excellent carrier due to its good compatibility and conducive to the formation of reactive
oxygen species. It has attracted much attention in the photocatalytic degradation of organic matter. However,
pure BiVO4 materials have poor stability, easy deactivation, and no catalytic a-site. Cations will preferentially
occupy the natural surface, resulting in unsatisfactory photocatalytic performance. Based on this, aiming at
the problem of poor stability and catalytic activity of bismuth vanadate (BiVOs), three kinds of BiVO4
composite photocatalysts with Schottky junctions with oxygen vacancies were prepared by hydrothermal
self-assembly method and used for photocatalytic degradation of Rhodamine (RhB) in printing and dyeing
wastewater. The main research contents and conclusions are as follows :

(1) Study on the degradation of RhB by La/BiVOs. In this chapter, the schottky catalyst (La/BiVOs)
containing O defects was successfully prepared by hydrothermal self-assembly method. Compared with pure
BiVO,, the formation of La/BiVOs4 oxygen defects and Schottky junctions effectively suppressed the
electron-hole binding rate and improved the utilization of visible light. The results of photocatalytic
degradation experiments showed that the hydrothermal temperature and pH affected the performance of the
catalyst. When the hydrothermal temperature was 120 °C, the pH was 1, and the addition amount of LaCl;
was 0.6 mmol, the photocatalytic performance of the material was the best. The degradation efficiency of 10
mg/L RhB solution reached 94.9 %. In the presence of coexisting ions and HA, HCOs", Ca** and SO4*in the
water inhibited the photocatalytic degradation of RhB, while H*, CI- and HA promoted the photodegradation
of RhB. Free radical capture experiments showed that the main active species in the photocatalytic
degradation process were OH and O,-, and EPR tests also showed this. The PL transient current and electrical
impedance (EIS) tests also showed that the composite material had better light response ability and smaller
electron transfer resistance. DFT calculations showed that the La/BiVO4 composite had a stable structure,

strong adsorption capacity and a small work function. After five cycles, La/BiVO4 had no deactivation and



still had good photocatalytic efficiency, indicating that the catalyst had good stability. The extended
experimental results also showed that the catalyst had good photodegradation ability and could be applied to
other pollutant treatment systems.

(2) Study on the degradation of RhB by La/Dy/BiVO4. Based on the chapter of (1), a ternary Schottky
catalyst (La/Dy/BiVO4) containing O defects was prepared by hydrothermal self-assembly method to
introduce Dy, and was used to degrade RhB under visible light. The results of single factor investigation
showed that the degradation efficiency of 10 mg/L RhB reached 96.2 % when pH =1, T = 120 °C, and 0.21
mmol Dy>Oj3 was introduced. In the presence of coexisting ions and HA, SO4>- and CI- in the water promoted
the degradation of pollutants, while POs* and HA inhibited the degradation, indicating that PO4s-and HA
inhibited the formation of active species. PL transient current and EIS tests also showed that the composite
had better light response ability and smaller electron transfer resistance. Compared with La/BiVOs, the
material had a larger specific surface area, more active sites, and stronger degradation performance for RhB.
DFT calculations also showed that the formed La/Dy/BiVO4 composite structure was more stable, with
stronger adsorption capacity and smaller work function. After five cycles, La/Dy/BiVO,4 had no deactivation
and still had good photocatalytic efficiency. Combined with free radical capture experiment and EPR test,
the photodegradation mechanism of the system was described and the degradation model was constructed.

(3) Degradation of RhB by La/Dy/Yb/BiVOs. In order to further improve the activity of the
photocatalyst, this chapter successfully prepared a quaternary Schottky catalyst (La/Dy/Yb/BiVOy4) on the
basis of the previous chapter. When the hydrothermal temperature was 120 °C, the pH was 1, and the amount
of YbCl; added was 0.21 mmol, the prepared photocatalyst had the best performance, and the degradation
rate of 10 mg / L RhB solution reached 97.2 %. The Bet test results showed that the specific surface area of
the composites was larger than that of the control group. In the presence of coexisting ions and HA, SO4*
and CI" in the water promoted the photocatalytic degradation of La/Dy/Yb/BiVOs system. The addition of
PO4*and HA inhibited the photocatalytic degradation of La/Dy/Yb/BiVO4 system. The results of free radical
capture experiments and EPR tests showed that the main active species in the photocatalytic degradation
process were - OH and - O2". The PL transient current and EIS tests showed that the composite material had
better light response ability and smaller electron transfer resistance. DFT calculations showed that
La/Dy/Yb/BiVOs4 composites had stable structure, strong adsorption capacity and small work function.
Stability experiments showed that La/Dy/Yb/BiVO4 had no deactivation after five cycles, and still had good
photocatalytic efficiency. The expanded experimental results showed that the catalyst was universal and could
be extended to other pollutant degradation systems.

In this study, Schottky junction catalysts with oxygen defects were prepared by hydrothermal self-
assembly method, which solved the problems of wide-wavelength visible light absorption and efficient

photothermal conversion. It also revealed the important role of optimizing the coordination environment of



single atoms in the selective production of hydroxyl radicals and superoxide radicals in photocatalytic
reactions, and provided a reasonable and accurate regulation strategy for the conversion of specific reactive
species in environmental remediation.

Key words: rhodamine; bismuth vanadate; composite photocatalyst; DFT theoretical calculation;

degradation mechanism



BT ettt ettt ettt ettt n et n et I
7 N 0 1] 5 Tt 111
L = TP 1
| = =TT 1
1.2 EIGE R IK IR FS oottt sttt 2
ORI N S L o i 7 N 3
13T BT oottt 3
1.3.2 3 I oottt 3

IR T JEE CX: /TR 4

L34 B0 e 5

1.4 2 SR SCAEALFT R IIIIE FEHEIE oot 7
1.5 BUERERE A FRHEIIEFEIIIR oot 7
R L T S 0= o5 OO 8
L7 FTEFE P ZS ettt sttt 9
B2 B BRI I SLIE T2 oottt 11
N v i - OO 11

o B R S v | OO 11

212 SR B T TG ettt 11

R b K S OO 12
2.2.1 La/BiVOu FIHIEE TTIE oot 12

2.2.2 La/Dy/BiVOu FIHIEE T2 oo 12

2.2.3 La/Dy/Yb/BiVOu I BT TTV oot 13

23 FEBEZRIE JTEE oot 14
24 TEBEMIIIR ..ottt 14
2.4.1 B FFHAFRAEEBUTELE oottt 14

2.4.2 BT BRI IIREIN TV oot 15

243 FMEALIERISZIR .o 15

2.4.4 FKARIEAEBE T RUETEBL T ..ooooveeeeeeee et 15

245 FHHIEITRIZIG oottt 15

246 TEIRFETE DI oottt 15

Vi



2T B B R oo ettt 16

R IR o L < TS 16
e D) 2 W = OO 16
53 % La/BiVOs X B FHIH L BRMERE EMLIL I TT oo 17
R 70 1= 17
3.2 La/BiVOs B FESR S LER T AR 3BT wovvve e 17
321 GG TESHZRIE ..o 17
3.2.2 X HHRATIAL (XRD) oot 18
323 X HFRIEH T HEIEAL (XPS) oo ses et 18
3.2.4 HRANTT I IETE oot 20
3.2.5 EERMAL (BET) oottt 21
3.2.6 fH HE LT AN EREACFN T HESEEAL v 21
3.2.7 BEAS E AT ELBETT T oo 22
3.3 La/BiVO4 7 ZIYGHEAL FERRTEREIITTT oot 23
3.3.1 LaCls BRI FTELI oottt 23
3.3.2 La/BiVOu Hll B IR EEFN PH AL coocvovoeveeeeeeeee e 23
3.3.3 B PFHWIIEHR EEFIWIEE PH B .oovoeeoeeeeeeeeeeeeeeeee e 24
3.3.4 fEAGRIEINE DL ROK AR IS B 1A TR T EEIE ..o 24
3.3.5 La/BiVOs BIFEI AR E HEAFHFESEIR oo, 25

KT I3 D) i U2 = AU 26

3.4 La/BiVOs 7K B IGHEBEIBEALIR oot 27
RO R 1k 3 TR 27
3.4.2 FMEALIEIRHLIE ..o, 28

RIS I R ]33 OO 29
3.6 B PFH AR T ] P TR TEZI T oo 30
R N RO 31
% 4 % La/Dy/BiVOs X &' P L BRVERE KALEEHITF T oo, 33
=TT 33
4.2 La/Dy/BiVO4 FI G TESH S LR TR T3 T oo 33
421 BEFIGTEZHZEAE oot 33
422 X FHERTEHL (XRD) oottt 34
4.2.3 AN TAEIULIETE (UV-VIS) oo 34
424 FEZRTHI oottt 35
4.3 La/Dy/BiVOs 1 ZIGMEALBEARVEREITTE oo 36

VI



4.3.1 Dy203 U JNES La/Dy/BiVOs PEREFTEZMA ..oocvvvceeeeene 36

4.3.2 La/Dy/BiVOus il 85 BN pH IR ..o 37
4.3.3 B PHHHIIEWR EEFIFTLE pH FTFEI oo 37
4.3.4 IKAKIEAEES T LA BB TETRATFEI ..o 38
4.3.5 La/Dy/BiVOq FIJEIFEE PEFIFARE TZIE oo 39

4.4 La/Dy/BiVOs 1 ZVGMEALBEAENLIR oo 39
N I i 7 1T 39
442 FAETITETHIIIBERETR oo 41
N B ) O M = OO 41
L TR 42

A5 ZRBEIINGE oot 43
% 5 % La/Dy/Yb/BiVOs Xt 2 P B L BRYERE LR BT TE oo 45
70 1= 45
5.2 La/Dy/Yb/BiVO4 I TE S S EER T AR 3T covveeec i, 45
5.2.1 La/Dy/Yb/BiVO4 IR G IEFURAE ..o, 45
5.2.2 X HFHRATIL (XRD)D oot 46
5.2.3 HAM-A] WIETHUIEHE (UVAVIS) oo, 47
524 EEZRTHIAR oottt 47

5.3 La/Dy/Yb/BiVO4 R R IAE W IERREIEBETE TT oo 47
5.3.1 YbCls ¥ JHE X} La/Dy/Yb/BiVOs PEREHTEZM ..o, 47
5.3.2 La/Dy/Yb/BiVOu il 25 FEFT pH BIFZIA oo 48
5.3.3 D PHAWIIEIR BERNIIAE DH ETEEI oo 50
5.3.4 JKARFELEBS TR TR IETREI oo 50
5.3.5 La/Dy/Yb/BiVOs FIFEIRFEE PERTHEFE IR oo, 50

5.4 La/Dy/Yb/BiVOs 7K R G PRI .oooveeee e, 51
541 TETEIIFIERTT oottt 51
542 AR THIZ BRI oo 52
I B I ) 2 M = AT 53
5.4.4 FEMEALIERRHLIE oo, 54

5.5 BT IINGE oottt 55
A = OO 56
0.1 ZETL ottt a et a e e s s e e a s a e e e a e e ananaees 56
0.2 FEEE oottt ettt 57
BEZE IR 1ottt ettt 58

VI






B1E it AAFRFMETFMIL

F1LE 42

1.1 RS =

Bt 5 BN GAT P AN SN0 1) FH K EAME S em 2 A8, 772 A8 T KRR B G PR KR
Wi 7RI T34k, AT R B R KA BEAS 2 S EUK R T R AR A BTG
QIR EAWTEINHETT 51 AP, Wistls . WPIRCR ST~ BT LA K P HIE 55 2 fig
A, PEEREEN NREERRL, SR, KA ET R A R ARE S AL BEAATH
s A PR K RS, X SR K B & A5 Qe R, sk A S sm pEE kR, R
VAR I K HEBUE DL T 2R 1-1,

R 1-1 FEU U KR
Table 1-1 The wastewater discharge in recent years of china

rmERERE ZFHEE BERHSE BEEEE Hisvsbics

Fhr
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2022 2595.8 82.0 317.2 34.6 1557.6
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2016 658.1 56.8 123.6 9.0 11599.4
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