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Synthesis and properties of Tb modified BiVO,/BiOCl
composite photocatalysts
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Abstract: BiVO,/BiOCl composite photocatalysts with different contents of Tb were prepared by li-
quid phase precipitation method, and the catalysts were characterized by XRD and EDS. The photocata-
lytic performance of the photocatalysts was evaluated by degradation of rhodamine B under irradiation
of the simulated sunlight. The effects of Tb content, photocatalytic time, catalyst dosage, rhodamine B
concentration on the photodegradation efficiency of the samples were studied by single factor experi-
ments, and the optimal scheme was determined by orthogonal tests. The results show that the pure
BiVO, belongs to monoclinic phase, and the samples with Tb content of 2% and 4% are mixture of
monoclinic BiVO,/BiOCI phases. The samples with Tb content of 6% ~ 12% are mixture of monoclinic
BiVO,/tetragonal BiVO,/BiOCl phases. It indicates that the introduction of Tb can promote the trans-
formation of BiVO, from monoclinic phase to tetragonal phase. Compared with that of the pure BiVO,,
the photodegradation efficiency of all samples containing Tb is improved greatly, and the optimal mol-
ar fraction of Tb is 10%. At the rhodamine B concentration of 5 mg/L, the catalyst dosage of 25 mg, and
the photocatalytic time of 2 h, the photodegradation efficiency of the sample with 10% Tb can reach
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100%. The improved photocatalytic performance may be attributed to the electron capture effect of Tb
and the formation of monoclinic BiVO,/tetragonal BiVO,/BiOCI miscible p-n heterostructures, which
effectively improve the separation and transmission of photoinduced carriers and suppress the recom-
bination of electron-hole pairs. It has great potential and application value in the treatment of polluted

wastewater.

Key words: BiVO,, Tb, photocatalytic, degradation, liquid phase precipitation

0 Fl&

IR BE 15 Y RN RE R 0 B ) B H 25 7™ R, 4R ik
(BiVO,) RH AT R AT WG IE M, BANA K
SRR A RS A K BHAE SR Bh A SE AR
BLER L T2 —Fp AL, Hob Rl Bivo, i T
ZEMIRERR (2 2.4 eV) L BCRFIR I L F-2540 (/s Hh o
B AR LA PEE Y H R T4l Bivo, R
BTG P G, HOGAR ORI, BRI T 52
PR a2 L HES, 5t R R TR B
%, A B UL S S RE A4 X Bivo,
PEFT M, DU A SRR A A RME AR -3 0T
(AR, i O HE R RE

i G T HA MY 4f B A RPN
SRR BiVO, YBHALTE PR A et . BT, SC
k4R 0 PR AR B RO B o0 R A GdY,
Eu™ Nd™ T, e, sm T AR LA vk LA
KL R 22, AT Tb 0K SRR ARG AL A1
BT AR AP 23 5 1 R 8 B A TR AR DL
FEL A R S T etk f9 BiOCUBiVO, i
TR, Xt Fr il 4 44 R A S5 R RO AL PR REUEA T T A
5%, LA SR AR R A5 i i Ak 1k e ) A IR Sk 3T
LR R

1 REHL

1.1 F2RG

fit§ /2 5 ( Bi(NO,);»SH,0, Z#r 4l ) , i B R #%
(NH,VO,, 7-#14l), =545 (TbCL, 20814l Hedi
iz (5rprat), SAE AN (G prat), JoK CEE(Grrat),
BPH B Aral), ¥ [ i E 2542 Ak 2 L7
BHRRAF,
1.2 BUERE AL FIRE S 1 il a5

AR5 LA Bi(NO,),-5H,0 1 NH,VO, 1E Kl 4%
BiVO, 1y & % J5URL, LI TbCL /E & Tb J5 , & Mg
Bi(NO,),-5H,0 5 NH,VO, i EE/R LA 1 ¢ 1, 45
18 mmol, 73 FFAF#AE 1 mol/L MRS PR 1A IR (15 31
WA 0.2 mol/L I & A ANA IR (12 B) P

fic # 0.36 mmol/mL TbCl, KK (AW C) . ¥ A I
WM BB P B B IR, N sE s, R
C W 2 _L IR G b Om A= 5020 0.1,
2.3.4.5,6mL, 5HIXR Tb BE/R F A 0%, 2%
4%, 6% 8%, 10%. 12%), ¥t ¥ 30 min, F Na-
OH WA pH =ik, T 75 C fHIRAM T RO
1 h, A EhE, 28 T /K MICK OB 8 vE T 3
UL, T 110 C U T 3 he PRKEAE SN TE
500 °C TBbe 4 h, BA1 5 FUFERDTAN, R 675 AT
Tb &5 BiVO, Yok,
1.3 AL FRAE

K X 5247 57 (D8, Bruker) % RE 5 1 25 ¥4
BT HT, AT S0 CuKa(4=0.150 56 nm), J1E K
40 kVx50 mA, RAEGEE A 0.05°, 45 M 1 (20) 11
FEl A7 10° ~ 90°, MAAE = I (25 C) F il 475 R
LT A (A BEIE ) (TESCAN, 4= YRk
(i) A R R XERE S I TC 2 0o bTs SRR 40
A A6 BT (TU-1810, db A M A F A A FR
TAEA D MR AL SN 5 2 FHH B iR 2 E
WIWOERE, THEGREARAICR; ARG E TR
BHG T AT g S
1.4 Sttt

SRR E A AR 2 P B YR A T,
BUE RIS T 20 mL 2 PH B T, 78BS
AP 30 min, DLIB S0 R/ TA o R S E T
BERUR BHIE T 47 6P AR, YA Ss B B 2 FHH
B AW, B0 i R A-1T WA 66 e
EIE WS, I REER D,

D=(1-C/Cy)x 100% = (1 - A/A,) X 100%
K, C PP B IR M, mol/L; C Rt IR
BN ¢ RS B, mol/L; A, % FHH B Y
WAL ; A AR ¢ BSHIA]J (0 G

2 #ER5itie
2.1 H5MorHr

1A TE Tb & & e P Bivo, £ & /Y
XRD Klii . B E 455 BiVO, B A RMRHERT



4 1)

XI55, &5 Tb Bt BiVO,/BIOC] -8 GHEALTI Iy il 4 S RENT T - 41 -

S} F- (JCPDS NO.14-0688) L & DU J5 AT 5
A (JCPDS NO.14-0133) X tb, & BUfT I DT Fic g iy,
4li BiVO, FESLTE 18.77. 18.99, 28.99, 34.73 ., 35.36,
40.01, 46.71, 47.34, 49.95. 50.36, 53.22, 53.31,
54.53. 56.18. 58.47 45 B i P BY A REE UG, 177X
SO AT ST A AR R BiVO, FERIENGE, Ui BH ) %
B4l BiVO, ¥ i Rl Tb & &8 2% M
4% PIRE SRR EIR SRS YRR S A,
B FE 12.06, 2421, 25.74, 3246, 33.42, 34.79,
36.52., 46.71, 48.34, 53.32., 58.57 Z5ff P S A
A5 (BIOCT) Y RFERT S04, BAH Tb &R 2% Al
4% FIRE T EE R AALR R BiVO, 5 BiOCI 41 A
TRAA; 1 Tb &84 6%, 8%. 10%. 12% (P44
FE S BR HAT B B BiVO,., BiOCH R AE I 4, iR
7 18.36, 24.33, 32.63. 34.81, 39.62, 43.85. 47.14,
48.37. 49.92 “EAE HILIU 7 i BiVO, BYRFIEIE,
Ui B I 9 AR S 2R R BiVO,. U BiVO,
H1 BiOCI HIRAHH

:Q v o‘

Y UUTHSs To wh8 v o 12%
e ML o 10%
\ o , 8%

, ) 6%
bt \ 2%
N 0%
VIHiE BiVO,

L [ fond ol o dind 14-0688
.lwmja‘lmva

| Wt el e
I +BiOCI

1IN T ul B |

. Ll Ly 1w 49
10 20 30 40 50 60 70 80 90
20/°)

1 A& Th &2 BiVO, #E) XRD &
Fig. 1 XRD patterns of BiVO, samples with different Th
contents

DL S5 RER B, ORTA 2 Tb JCE AN
PR B Y SRR S5 R AT — 2 B, Bl T & & A 3E i,
VY75 bRl BiVO, 1Y HL 2 i B &, Ui Tb 5 511
HEANE AR E T BiVO, BYDU T FR I EE Ry . BES
BiOC1 FYFE7ES& T BT I & Tb Ik ToClLy, B
Tb JTER SR, =Py BiOCI (1 L BE HE &
BiOCI fE—Fl p B SR BAEAL ], T HAT)Z
REGH . PSR R BB A5 T e B R4k
AL TG MR R, BE A P BIOCT B A7 16 ] 5
BiVO, Z )4z B B4 1), A 2R A -3¢
ST B, TG SR BiVO, BGHEALTEPER ™ it

Fb XRD i, A & BLAA 10 To K HME LA
YIRS, b DR R R R = S ARG, R
FE XRD ZHH S BRI =2 Y

Sy BTl RE A TR IB AT T JTE,
4 Tb &R 10% 8 BiVO, FE il i EDS #1735
fE, G0l 2 fiizs . MR 2 WP LA H, RS s B0 T e
W) Bi, V., O JTLRFHIFIE, 5 BiVO, HRYICE AN
o MAR, EWELR] T Tb JTZ EIEIE, TESE T
il B BiVO, BESRIB A Tb JLEK . #EGI% A
WEIT CYH Au e FRHEIE, SO H TR
It FH 3 o] e it ) ST 5 9 4 2 T, W) 2

fittit/keV

2 10% Tb &£/ BiVO, #5 A7 EDS i
Fig. 2 EDS spectrum of BiVO, sample with 10% Tb

22 fEfetne
221 HREERAR

T HRSE Tb BetE BiVO, BE S G ARAL
B, AEKK A AR S AR BHYERR S, LA P
] B(RhB) YLkl HARFEAE TS G, #4710
AR, ST T Tb & SetEfbma A A i
PP B R XSGR AR A5

1)Tb & &XT BiVO, FE& G ERE A2

B 15 mg/L & F+BH B % W 20 mL, 4351 i A
Tb &8 (BERDEO N 0%, 2% 4%, 6% . 8% 10% .
12% ) BiVO, FEif 20 mg, TERIURBHE T 2648
IR 1 h e, TR R B WG RE, JF TR R
3 AT Tb & &AL 15 mg/L 2P B I
AL 1 h REARR S IR 3 al AL BE Tb & &
RGN, A i A G R i o S B S K5 B AR
B, SAiEURREAH L, T SRR BiVO, FE & Y GRS
R PR . Y Tb S HRAE 6% LA TR, HOGREA
RIATNRE BRI, N T 8 R 2% 1) 27.20% $2 15
2 6% I 54.54%, 4 Tb F il 6% i, HOGREE
RIGESETFZ 10% 1 93.72%, PR3 IK ] i RH,
HE—LHIN Tb &, HEEMEG T N, D2



.42 - W ek #8K

2021 45 42 &

R, To SR ARG B TSR AL
PERE, H Tb & EAEE N 10%, H L, 2503
RIZIRIG VR Tb &M 10% HIRESVE T4

1.0

0.8 F

0.6

REEAF 2%

0.4

02F

0 1 1 1 1 1 1 1
0 2 4 6 8 10 12

Tb BEIR & 1/%

3 A Tb &£ BiVO, # a3t 15 mg/L T8 B &R
S 1 h RIS
Fig.3 The photodegradation ratio of 15 mg/L rhodamine
B solution by the BiVO, samples with different Tb
contents for 1 h

2) AL IR BiVO, RS OCAALERE Y S0

PLTb & 10% RIFE S N IFFE T4, 6% FF
B B WM 15 mg/L ., AL E N 20 mg 19 5544
T, TITA R A TR] X R R A ), S 4%
N 4 Frs . B 4 R B G IR R R
AN, FES T2 P B R A 2R S B0 H S hn s
RS bR I 0.5 h B Ry
53.70%, 1.5 h B} A AR 2 155 2 98.05%, KSR AE K
FE] 2 2 h, BEARRAE S D, DLk OSR]I h 1.5 he

1.0

— -
09
0.8 F
&
¥ o7t
&
B
0.6 F
05F
04 1 1 1 1
0.5 1.0 1.5 2.0
AL E]/h

B4 ThEEH 10% MHREI 15 mg/L T8 B A RAE
TEISEtELRT BRI PR
Fig. 4 The photodegradation ratio of 15mg/L rhodamine
B solution by the BiVO, samples with 10% Tb for
different irradiation time

3)HEAH TR BIVO, FEalOLAEILIERER RN
EX PH B N 15 mg/L, SGAEALI ]

1.5 h IR I 451, dE— 2B BRITAS R AL R i
(10 . 15 . 20, 25 mg) XEREARR A FZ, U545
K s s

1.00 -

/I
095+

0.90 -

0.85

RS 5/ %

0.80 -

0.75

0.70 -

10 15 20 25
1AL F & /mg
5 TEIAER T 2274 10% WHE AT 15 mg/L T f}
B B iRIROLIEML 1.5 h BOREARER
Fig. 5 The photodegradation ratio of 15mg/L rhodamine
B solution by different dosages of BiVO, with 10%
Tb for 1.5 h

] 5 AT, Bl AR S i 3G, B %
FHEH B Y R SR A 2 B e R 5 S AR i R
LA A 10 mg B, X2 FHIA B AR AR
71.56%, AT FHE I I ZE 15 mg B, SefEfbaeRr
KIEHETE, A 97.08%, AL HEH I ZE 20 mg
i, YEREAF R AT 3 98.05%, UE— L34 AL F i,
PSR EL G, DA & 20 mg.

4) B FHE B Mk X BiVO, FE S OGP RERY
Al

TEAEAE AR 20 mg, SEfEALBHRY 1.5 h 19
WIS, AP P B Wk XDERE R
s, RS2 R A 6 FR .

1.0+

-

R At R/ %
=1

0.7 F

0.6 1 1 1 1 1 1
5 10 15 20 25 30

%P B kB /(mg L)
6 Tb A 10% WHRNTEIKRED I B iRkt
1L 1.5 h BOFEIRER
Fig. 6 The photodegradation ratio of rhodamine B solu-

tions with different concentrations by BiVO,
sample with 10 % Tb for 1.5 h




4 1)

XI55, &5 Tb Bt BiVO,/BIOC] -8 GHEALTI Iy il 4 S RENT T

.43 .

] 6 RIAL A A X2 PHI] B A i 3 B VS
WL (R38R T BRI . 4% P B ¥MREE R 5 mg/L
if, HOGREf# R AT 1k 98.73%, HEETE 5 ~ 20 mg/L I,
HOCR# R ITE 93% L) b #Bad 20 mg/L i, Hok
R N Rt . R ITZAE AL S 20 mg/L L)
TR P B R B IO CHEARCR
222 IEACIAE

5, #E IR R 5K 1 s, 227 B
WHE 43R 5. 10, 15, 20 mg/Ls 44k ) FH 423 1
10, 15, 20, 25 mg; JEAEFLESE] 53504 0.5, 1.0,
1.5, 2.0 h, IEAZIRES 28 L Ah R L3k 2.

F1 EXAEERKKF
Table 1 Orthogonal test factors and levels

HERA:ZFIB BB A HRC UL

BIVO, BRI A N et iy e g Gl
GRHGHT, BEURIRE S ML ERERG 521K 204 2 1) 1 ’ e 0
B WHE  MELLA L JHELLEI4E, o rRss % ? . 20 -
2 GEHE BRI W () T, SR Log(4°) TE 280t ’ . 10 L
Tb ik 10% FORER AT T =3 PUATF E AR : 2 2 02

£2 L EXREHRRER
Table2 L, 4 orthogonal test schemes and results
AL Taes HEA KZB 253 FExe 25 %) KA/ %

1 1(5) 1(15) 1 1(2.0) 1 99.16
2 1(5) 2(20) 2 2(1.5) 2 98.73
3 1(5) 3(10) 3 3(1.0) 3 98.20
4 1(5) 4(25) 4 4(0.5) 4 97.03
5 2(10) 1(15) 2 3(1.0) 4 78.37
6 2(10) 2(20) 1 4(0.5) 3 69.03
7 2(10) 3(10) 4 1(2.0) 2 89.32
8 2(10) 4(25) 3 2(1.5) 1 99.32
9 3(15) 1(15) 3 4(0.5) 2 39.88
10 3(15) 2(20) 4 3(1.0) 1 93.72
11 3(15) 3(10) 1 2(1.5) 4 71.56
12 3(15) 4(25) 2 1(2.0) 3 99.07
13 4(20) 1(15) 4 2(1.5) 3 87.19
14 4(20) 2(20) 3 1(2.0) 4 96.63
15 4(20) 3(10) 2 4(0.5) 1 26.23
16 4(20) 4(25) 1 3(1.0) 2 74.85
3 0.98 0.76 0.79 0.96 0.80

k, 0.84 0.90 0.76 0.89 0.76

Ky 0.76 0.71 0.84 0.86 0.88

k, 0.71 0.93 0.92 0.58 0.86

R 0.27 0.21 0.16 0.38 0.13

F R 22 93 AT R, R>Ry >Ry, PRI =AM
EFPR AT A : SepEFLET ], 2 B YREE, fiE 4L
FHER . XTI RAEE, % BRI RO
fifp AR B, SOV BRI R A & rh R Y

EXT R K- T A RS k>k>k>k, B R
) ki C BIE I kkkooke, G, D075
o ABC,, B PHI] B e IE S m/L, L AL i
25 mg, JEAEALIITE] 2 ho 120 AR I IAEIESS R D,



. 44 - W 2k K

2021 4F56 42 5

I i — ARG IO UE, 153 E1Z 5 RO iR
K 100%, X 3% B2 AR RE 5 26 775 e 202 K b 3
5 T HLA W K A9 A TN
223 fEALHLER
HRPEASE] Tob & H RS XS P B fofifl
ROCRERI AL, BT & Tb RS OB PERE S T4
BiVO,, X HAF: 1 Tb JuZE XM dE f T2 A 1
HRRE mEEH, AT RS )
P XRD 435 v A, B Tb & & 34, #£ 5
oY M BLER S AT BiIOCT YA B i1 &2, e &8
M7 Tb #i4l BivO,/lUJ5 BiVO,/BiOCI IEAH p-n 5+
FRab iR R, ke R T2 A AE A AR & T AR B
TR ST, I Tb &k 8% ~ 10% 1Y
FESO BRI B AL T ILAAR & SR . O
LML AT ey Y2 A e 52 7] DR ) )
BiVO, #ii# &, MIliAz G B R4 o, FEP
VEINTT, 23 7 FE R & BIOCL s I, Ty
R IEERS 2 BiVO, B I, S O
Tr (A R B, BEAR T L -2 O I LA, FRIE K
T BT A5 A, DT e o B R
BiOCI #7123 7] B4 fk RhB 701, Y64
T A A ) 2 TR B ) 3 O, TR, TE RO,
M 52 B X RhB B B A (H 24 Tb 7 8 1
10% B, B 5 A G AR SUA B T B, 33X mT B2
M T RRPIERL T 3 28 BiOCI, 1fi BiOCI [ BERR
e, 90 3.3 eV IR R P AR BiOCTHKEAR

B2k

FIT RIS ERI, PO TR

3 &%

3 3 FRT B YRR DT YE 4 T ORTE] T f =
BiVO,/BiOCI & & MM, 558 T FE i FEAL IR
FHOCREST T ek PR . 25t T

1)XRD 73 #r45 320, 51 AM L+ Tb s {efit
BiVO, I HEHMHEL LN A . B FRTH To Ik
TbCly, fi Tb & 1 A 3E i, A 5 BiOCI 1y L il
B

2) MR RO 25 R, BT & Tb A o &
FFIH B (R RAR T 40 BiVO,, H Tb ST
FEE B (BEIR B0 N 10% ., 6 5 Bt 4 A i ]
(R HIE A A R AR TR 0 i 2 B e 5 P R
(ks ELRER P B MR BE A I pEAI . A st
20 mg/L LR FH B I RELA BT AR RICR,
R RIGLE 93% LU b

3) IE AR I 45 R W, 52 m YR A 2 ) =~ X
FIN U SR R>2 P B ik > L5
HE. £8P0 BRIE N 5 mg/L, 4L N
25 mg, JCHEARIFA] A 2 h B, 109% £ 5 KGRk 22
Rk 100%, Hob A v e 4R w09 IR B eT )3 R 1
+ Tb B FAAREN LS B0 B BivO,/Id
J7# BiVO,/BiOCI {RAH p-n S 4s, AR R 176
A BRI T 0 B8 S A, KRR T L2387 Oh Y

S
e

[1] Kudo A, Ueda H K, Mikami I. Photocatalytic O, evolution under visible light irradiation on BiVO, in aqueous AgNO;
solution[J]. Catalysis Letters, 1998, 53(3—4): 229-230.

[2] Monfort O, Plesch Gustav. Bismuth vanadate-based semiconductor photocatalysts: A short critical review on the efficiency
and the mechanism of photodegradation of organic pollutants[J]. Environmental Science and Pollution Research, 2018, 25:
19362—19379.

[3] Kudo A, Omori K, Kato H. A novel aqueous process for preparation of crystal form-controlled and highly crystalline BiVO,
powder from layered vanadates at room temperature and its photocatalytic and photophysical properties[J]. Journal of the
American Chemical Society, 1999, 121(49): 11459-11467.

[4] Tokunaga S, Kato H, Kudo A. Selective preparation of monoclinic and tetragonal BiVO, with scheelite structure and their
photocatalytic properties[J]. Chemistry of Materials, 2001, 13(12): 4624—4628.

[5] Zhu Z, Yang C X, Hwang Y T, et al. Fuel generation through photoreduction of CO, on novel Cu/BiVO,[J]. Materials
Research Bulletin, 2020, 130: 110955.

[6] Tayebi M, Lee B K. The effects of W/Mo-co-doped BiVO, photoanodes for improving photoelectrochemical water splitting
performance[J]. Catalysis Today, 2021, 361: 183—190.

[7] WangL Y, Bian Z Y. Photocatalytic degradation of paracetamol on Pd-BiVO, under visible light irradiation[J]. Chemosphere,


https://doi.org/10.1007/s11356-018-2437-9
https://doi.org/10.1021/ja992541y
https://doi.org/10.1021/ja992541y
https://doi.org/10.1021/cm0103390
https://doi.org/10.1016/j.materresbull.2020.110955
https://doi.org/10.1016/j.materresbull.2020.110955
https://doi.org/10.1016/j.cattod.2020.03.066
https://doi.org/10.1016/j.chemosphere.2019.124815

S

4 4 K55, %5, T BetE BiVO,/BIOCH & At fi Ak il 45 S MERERrsT . 45 -

[8]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

2020, 239: 124815.
Li Z L, Jin CY, Wang M, et al. Novel rugby-like g-C;N,/BiVO, core/shell Z-scheme composites prepared via low-
temperature hydrothermal method for enhanced photocatalytic performance[J]. Separation and Purification Technology, 2020,
232:115937.
Wang Y L, Yu D, Wang W, et al. Synthesizing Co,0,-BiVO,/g-C;N, heterojunction composites for superior photocatalytic
redox activity[J]. Separation and Purification Technology, 2020, 239: 116562.

Wang Min, Zhu Tong, Lv Chunmei. BiVO, photocatalytic and application[M]. Beijing: Chemical Industy Press, 2017.

(CEH, Y, BB, PURBOCHEAR LR HIM]. Jbat: 4tz Tolk ikt 2017.)

Xu H, Wu C D. Synthesis, characterization and photocatalytic activities of rare earth-loaded BiVO, catalysts[J]. Applied
Surface Science, 2009, 256: 597-602.

Luo Y Y, Tan G Q, Dong G H, et al. A comprehensive investigation of tetragonal Gd-doped BiVO, with enhanced
photocatalytic performance under sun-light[J]. Applied Surface Science, 2016, 364: 156—165.

Orona-Navar C, Levchuk I, Moreno-Andrés J, et al. Removal of pharmaceutically active compounds (PhACs) and bacteria
inactivation from urban wastewater effluents by UVA-LED photocatalysis with Gd*™ doped BiVO,[J]. Journal of
Environmental Chemical Engineering, 2020, 8(6): 104540.

Zhang Aiping, Zhang Jinzhi. Synthesis and activities of Ln-doped BiVO,(Ln=Eu, Gd and Er) photocatalysts[J]. Chinese
Journal of Inorganic Chemistry, 2009, 25(11): 2040—-2047.

(5K %1, KPR . Lnts ¢ BiVO,(Ln=Eu, Gd. Er)G A Ak 75 i i 4 S P AF 58 (0], T HLAL 272 4z, 2009, 25(11):
2040-2047.)

Zhang A P, Zhang J Z. Effects of europium doping on the photocatalytic behavior of BiVO,[J]. Journal of Hazardous
Materials, 2010, 173: 265-272.

Pei Z Z, Jia H, Zhang Y L, et al. A one-pot hydrothermal synthesis of Eu/BiVO, enhanced visible-light-driven photocatalyst
for degradation of tetracycline[J]. Journal of Nanoscience and Nanotechnology, 2020, 20: 3053—3059.

Liao Rui, Huang Heyan, Li Yuanli, et al. Preparation, crystal structure and spectral properties of bismuth vanadate
nanocrystals doped with rare earth ions[J]. Journal of the Chinese Ceramic Society, 2020, 48(5): 739—744.

(B, e, 2=ha A, 25, W b B T2 PURBL AR S A 4 . SRS AR IE SO BT[], RERREL 2741, 2020, 48(5):
739-744.)

Luo Y Y, Tan G Q, Dong G H, et al. Effects of structure, morphology, and up-conversion on Nd-doped BiVO, system with
high photocatalytic activity[J]. Ceramics International, 2015, 41(2): 3259-3268.

Monfort O, Sfaelou S, Satrapinskyy L, ef al. Comparative study between pristine and Nb-modified BiVO, films employed for
photoelectrocatalytic production of H, by water splitting and for photocatalytic degradation of organic pollutants under
simulated solar light[J]. Catalysis Today, 2017, 280: 51-57.

Wang Weixuan, Chen Ruizhi, Wu Ping, et al. Photocatalytic properties of Nd’'-doped heterojunction ms/tz-BiVO, under
visible light[J]. Inorganic Chemicals Industry, 2018, 50(2): 7578, 82.

(EAX, BREH, F, % Nd $B%ms/tz-BiVO, 1T WL HERERTFE 1], TEHLER Tk, 2018, 50(2): 75-78, 82.)

Chen R Z, Wang W X, Jiang D M, et al. Hydrothermal synthesis of Nd*"-doped heterojunction ms/tz-BiVO, and its enhanced
photocatalytic performance[J]. Journal of Physics and Chemistry of Solids, 2018, 117: 28—35.

Xu Jingwei, Li Zheng, Wang Zepu, et al. Morphology and photocatalytic performance regulation of Nd*"-doped BiVO, with
staggered band structure[J]. Journal of Inorganic Materials, 2020, 35(7): 789—-795.

(PR ARk, 2, 0, 45 SCHE RB A 45 A0 B8 24 DUIR B T 350 55 G A PR BE TR 422 (7], TEALAA 241k, 2020, 35(7):
789-795.)

Wetchakun N, Chaiwichain S, Inceesungvorn B, et al. BiVO,/CeO, nanocomposites with high visible-light-induced
photocatalytic activity[J]. ACS Applied Materials & Interfaces, 2012, 4(7): 3718-3723.

Xu J, Wang W Z, Wang J, et al. Controlled fabrication and enhanced photocatalystic performance of BiVO,@CeO, hollow
microspheres for the visible-light-driven degradation of thodamine B[J]. Applied Surface Science, 2015, 349: 529-537.

Gu S N, Li W J, Wang F Z, et al. Synthesis of buckhorn-like BiVO, with a shell of CeO, nanodots: Effect of heterojunction
structure on the enhancement of photocatalytic activity[J]. Applied Catalysis B: Environmental, 2015, 170-171: 186—194.


https://doi.org/10.1016/j.seppur.2019.115937
https://doi.org/10.1016/j.seppur.2020.116562
https://doi.org/10.1016/j.apsusc.2009.05.102
https://doi.org/10.1016/j.apsusc.2009.05.102
https://doi.org/10.1016/j.apsusc.2015.12.100
https://doi.org/10.1016/j.jece.2020.104540
https://doi.org/10.1016/j.jece.2020.104540
https://doi.org/10.3321/j.issn:1001-4861.2009.11.027
https://doi.org/10.3321/j.issn:1001-4861.2009.11.027
https://doi.org/10.3321/j.issn:1001-4861.2009.11.027
https://doi.org/10.1016/j.jhazmat.2009.08.079
https://doi.org/10.1016/j.jhazmat.2009.08.079
https://doi.org/10.1166/jnn.2020.17446
https://doi.org/10.1016/j.ceramint.2014.11.016
https://doi.org/10.1016/j.cattod.2016.07.006
https://doi.org/10.1016/j.jpcs.2018.02.010
https://doi.org/10.1016/j.apsusc.2015.04.195
https://doi.org/10.1016/j.apcatb.2015.01.044

- 46 - W gk Pl K 2021 4F55 42 &

[26] GuSN,LiWJI, WangF Z, et al. Substitution of Ce™ ™ ions for Bi in BiVO, and its enhanced impact on visible light-driven
photocatalytic activities[J]. Catalysis Science & Technology, 2016, 6: 1870—1881.

[27] Cao Baowei. Controllable synthesis and photocatalytic activitiea research of bismuth vanadate[D]. Xi an: Xi'an University of
Science and Technology, 2014.

(B R T PURR BB UG KRG O PERERFIE (D). PH%2: P2 dRHOR %, 2014.)

[28] LuoY Y, Tan G Q, Dong G H, ef al. Structural transformation of Sm’* doped BiVO, with high photocatalytic activity under
simulated sun-light[J]. Applied Surface Science, 2015, 324: 505—-511.

[29] Zhu S W, Li Q G, Huttula M, et al. One-pot hydrothermal synthesis of BiVO, microspheres with mixed crystal phase and
Sm™-doped BiVO, for enhanced photocatalytic activity[J]. Journal of Materials Science, 2017, 52: 1679—1693.

[30] GuSN,LiWIJ, Bian Y Z, ef al. Highly-visible-light photocatalytic performance derived from a lanthanide self-redox cycle
in Ln,0y/BiVO, (Ln: Sm, Eu, Tb) redox heterojunction[J]. The Journal of Physical Chemistry C, 2016, 120( 34) .
19242-19251.

[31] Wang Y, Liu FY, Hu Y J, ef al. Microwave synthesis and photocatalytic activity of Tb’" doped BiVO, microcrystals[J].
Journal of Colloid and Interface Science, 2016, 483: 307—-313.

[32] MaXM,MaZ, Liao T, et al. Preparation of BiVO,/BiOCIl heterojunction photocatalyst by in-situ transformation method for
norfloxacin photocatalytic degradation[J]. Journal of Alloys and Compounds, 2017, 702: 68—74.

[33] Song L J, Pang Y Y, Zheng Y J, et al. Design, preparation and enhanced photocatalytic activity of porous BiOCIl/BiVO,
microspheres via a coprecipitation-hydrothermal method[J]. Journal of Alloys and Compounds, 2017, 710: 375-382.

[34] Liu Jingjing. Preparation and performance of manganese dioxide/bismuth vanadate composite photocatalysts[J]. Chemical
Research and Application, 2019, 31(4): 644—651.

R FeaR. AR/ RS S S ORI A Tl 25 S PERELT]. A7 RIF 5 S0 H, 2019, 31(4): 644-651.)

A A A

ZMMREHA RSB AR

(8 A 18 HIHE ) BEMBIFE Be bk & BB I 5 22180 RIS R, H RTIRH 52 TC4 S5 441
BRI, BT A RS RE G, e oA s mARL BN ORI & BT 1 U =
PR LI

TEFE Z T — A iR A UIFRT , B amsk 7B R AL, BRSSP A"
NE RN G BERE N R BTEOT A e Sk dll, JESEHESIRERR AN et = fh T AOAE E 6. 5441,
BB B B R BB L TSI H AL, & IR G SR 0o XK G G BUR ™ i m] )z
POHTALE . AT B R AT PR SRES BR A G R i, RIS, TR
WA SR L. SCEERAE, BB ARG, SRR LEh YR T fE

FIRT, WH ARG G T EHORMEE, JTk T8k 4 ©HBRIAERJe B, S8R T v i
%, 135 TERA GO T 228 S5 AROTIHTE TR, A4 1 i B 51X,
JREES Z T 2T SR, S Bt T A Y10 R 2% A e 0 BT B

MRLZINT, KA W T 2R G S, BRI AR, X REHE R A WA .
SRR )


https://doi.org/10.1016/j.apsusc.2014.10.168
https://doi.org/10.1007/s10853-016-0460-0
https://doi.org/10.1021/acs.jpcc.6b06436
https://doi.org/10.1016/j.jcis.2016.08.048
https://doi.org/10.1016/j.jallcom.2017.01.214
https://doi.org/10.1016/j.jallcom.2017.03.283
https://doi.org/10.3969/j.issn.1004-1656.2019.04.009
https://doi.org/10.3969/j.issn.1004-1656.2019.04.009
https://doi.org/10.3969/j.issn.1004-1656.2019.04.009

	0 引言
	1 试验部分
	1.1 主要试剂
	1.2 钒酸铋光催化剂样品的制备
	1.3 催化剂的表征
	1.4 光催化测试

	2 结果与讨论
	2.1 结构分析
	2.2 催化性能
	2.2.1 单因素试验
	2.2.2 正交试验
	2.2.3 催化机理


	3 结论

