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Abstract: Au/rGO/BiVO,, a ternary composite, is successfully synthesized by supporting the reduced graphene
oxide (rGO) and gold on BiVO, in succession. The composite is characterized by various techniques to study its
structure. Results show that BiVO, shows a decagonal-shaped monoclinic system,rGO is loaded on the outer of BiVO,.
Gold particles decorate onto rGO to form a heterojunction. The photodegradation of as-synthesized Au/rGO/BiVO, to
methylene blue and tetracycline is studied. The existence of rGO promotes electron transfer, while gold facilitates the

absorption of visible light to improve the photocatalytic activity. Therefore, Au/rGO/BiVO, shows a greater

photodegradation performance than both rGO/BiVO, and BiVO, under the irradiation of visible light.
Key words : bismuth vanadate; photocatalysis; methylene blue; tetracycline; degradation

LAk ) N A 7 A T3 6 7K BR85S i) ek
KR AZ B, KI5 Y e B IR R B —
FEFIE R Tl 2 ) ] i AR HE RO Y B
EAYU I (MB) & —RH T4 4E LB
L P Y Y BH S T 24 05 A Yook, HL2E T 3k A HR i
B3 JRERIE ANIE IR 2D PUERE (TC) &
— P HABTAE 2R DR AR 25 B K ™ 55 5 S0 )
AR £ 32 56 L R, A F SRR Y
PrA: R T 7 SR B i 0 B 1 328 8 0k T #E L (H
P TR P L B e 0 8 25, A HHE A4 i 1) K AR
R R R PR R B2 EAREANT,
H LTG5 Y W) AN RE AR 4 o w9 BH 6 sl il AE W e Ak,
I, A WAEEAE PR K HE AT FIARE 2 B R B = R0 42
5 R LA T A B sk e A AL TS G P 0 IR
G E

SeAEAL R 3z AR R 5 | T 58 N B B
B 1972 45, JoHE b 2E AR M R AR Ak 1 B Y

TiO, BIF & ik B T HAFREAE (3.2 eV), F
o sz BB A S, PR ARKERT
Cu, 0! CdS"™ g-C,N,'™ SnWO, ") 22k B (A0
PEALTATE R K Ab B FR AP A MR R, Hod, BivO, &
—FIREETE T UG BE S T S B B AP RE A
PEAEFN T T A R R S R RS
DU i1 S Ak 40 R e bt T AR R L A R K g 24 A
ST BiVO, HUA 3 RS IARZE R, 4050 R U A
W DU A RS TR B AT EEAT 58 B 4350
2.6.2.9F2.4 eV 2 | BiVO, (1AL TE G
fEimhiR E E|mENMEHT, AT A
B 7 55 47 45K I BiVO, BLA LA i i A5 A1
TG (1 8 1A 45 ), A1 G W DL A Ab T M A 22
IRTT , SRR RS B 8 BiVO, Hh i 6s% % Hy i |
TRRECAL Y B Kk AR AR IR AE DU TR BCA YV
OB A V—0 8 FEIARW AL, S & T

%5 B #A:2021-04-09; & B H #1:2021-06-06

ESWE : F K E AT (2016 YFB0301704) ; [R5 H ARF 23842 (21506021 ) ; e @ B EEARHIR L 55 2% 350 H (DUT19LK61 )
{EZ BT : Umair Muhammad (1998-) , 5, A 44, WF 52 J7 8] R BiVO, FEARHY G BB A Ak % f# , muhammadumair@ mail. dlut. edu. en ; 557 [
(1967-) , B it #7144 S0 W55 05 0] R EREE A i AL 3B TRER RN, guoxw@ dlut.edu.cn,



2021 FE 10 B

T B R P72 BivO, BEE Wi aT L' i) 56
FET Bi 6s HUEIE B H7 LA S Bi 65 Fl O 2p JE K
FIRAHIE , 5 V 3d LI A S5 2 [ A g 22
2N 2.4 eV

SR, HHF BivVO, 7EJ6HEfb it B b BB A X ek
FL =25 AT PR 1) B fr EE 2L, AT BRE ] T G S
BRI S T 3R HOGAEA R RE , T A B 24
G AR BiVO, R A MR, It 5 s, &
A N1k, B BiVO, fi# Fe Co . Ni.Zn Ag.Pd Au.
Si0, \Ti0, MIEAAA I (GO) FZ R E G Rl 22
BiARaE

A7 B R K FE 3R T AL (2 600 m*/g) |
SRR E R A 2 oY BTk Sk
5153 2 [0 fFAE - F m—BH B T8, A PTG
WIRESS L I TE A BRI R > . GO 5 BiVO, 456G
AR AL TE M, R GO AT 44k R il JE A AL
A M (rGO) ,1GO A s BiVO, 515 4L 2 (1] 4%
TP syEs Y,

s, AT 45 T Biv0O,/GO/PVDF  BiVO,/
GO/PTFE Ml Ag/tGO/BiVO, % =08 A RH>72
DLt —2 85 BiVO, SRR ERE . AL
{8 A AT I 12 7 AT PR A 8 v T LA 0
ST 10 SRR A A B Fe e i B ff e RS R Y
T A5 B TR IR AN B S, 5 4 IR 4K R
AT WO B AR Wl ie T, L, 7E vGO/
BiVO, FRIEVIF 5t 42 8 23018 A 8 i &2 &k
R, I R e T

ACH 4T Aw/rGO/BiVO, =IT0E & 6L
), I HAE W] WG TR MB F1 TC AR BEREAT T
VA, 2 A A 70 0 3% M B B & T Bivo, Al GO/
BiVO,, IAh, 3%} BiVO, WA RS T THFSE,

1 SLIEES

1.1 Auw/rGO/BiVO, HI& K

# Bi(NO,),-5H,0(4.85 g) NH,VO,(1.17 g)
R CHRBE(0. 20 ) I ARAE 25 B F /KRN & B (4
U 6:1,70 mL) FIRA W, 200 M e 1 h, 7
AP 2 h, SRR B ATR G WA 100 mL
A R VU O R AN Ak 4, 7E 90 ~
190°C T ik 6~24 h, [ ¥y ] 25 B8 /K B0 Uk
W5 UG TN 60°C [ HEFE o 48, 15 31 1k B ky
Ko AN A AR IR B R AR AR 2] Bivo, 4351
i N BiVO,—xC il BiVO, —yh, Hrp x 1 y 43 5 R

Umair Muhammad 25 : Au/rGO/BiVO, YHEEL RRBBITEY) - 121 -

JIER AR REE (°C) ARl (h) .

K MG B9 Hummer 34 5% GOP , B AR
#HAE BiVO, I, ¥ GO (0.01 g) 7 HfE£5E Tk
(90 mL) B AL 4 b, [AIES, K BiVO,(1.0 g)
ATHUEE 7 — B4 £ B F K (10 mL) w8 7 4b B
30 min, RJ5H BivO, B N E] GO B M
H IR ERE 24 h, 15 2HY 1GO/BIVO, K5 BiVO,
AR 77 S A R e

SR SO IR R 20145 Au/rGO/BiVO, P, %
R AR vGO/BIVO, (1.0 g) 8 AR £ % W
(0.42 mol/L) 1, BiJ5, ¥ HAuCl, (0.01 g) i A
rGO/BiVO,/JREVE W T, #7443 20 min J5, 7E
90°C THEFE 4 h, WAL B0y E | 8 1KYk
U ,60°C T LU K& 300°C K568 2 h &, 15 5] Auw/rGO/
BiVO,,

1.2 REFERNEE

TE H AR 2% SmartLab 9 I X 5F£EA7 55 (XRD)
A T 2R Cu K, 585, BrllAE 5 i XRD 3%
FIHBCA BETE{X (EDS) B9 NOVA Nano SEM 450 %!
FIH T AU (SEM) ZRASFE &L A9 SEM &, R H
Tecnai G20 S—Twin L% 5 B 1 B il (TEM ) 3875
FEGE TEM 8. 7E Jasco UV=550 BRI 5
LHh/ T LI AT (UV/Vis) JEik, X BTG F g
7% (XPS) H Thermo ESCALAB250 HIAY #57F 260 W
B Al K, 5895 F 345, $72 (Raman) Y6 7E Bruker
WOCH 2 A AR BRI 532 nm,

1.3 SEdEsEiEn

KA 500 WG AT, £E AT OG BRAER A
BiVO, .rGO/BiVO, 1 Au/rGO/BiVO, 3 Fifi {55 7E
AKAH B A MB A TC FR 35 85 2% 9 4 1k 57
(0.05 g) # R %] MB /K (100 mL,5 mg/L) i1,
ST Ad MBI TC FEAE AR 3 S g B — Aot B S7-
PRSI BE P HEEE 30 min, R)5, BIRA W
FAEEEOEIR 5 cm B9 250 mL B, 4 5 min B
3 mL VAR, B0 B RS it UV, Vis i
H K R 664 nm A 4 T 5 BE SR A N A Th MB )
WREE . XFF TC ¥ BE A I, i R B K 357
nm, EFIAREMERE(D,) (1) 715,

D, =[(C, -C)/Cy] x 100% (1)
Horbr. €, Ry W B - B8 B OF- 5 5 MB Bk TC Yk B,
mg/L; C, A /ANIG] s W s )75 1) MB 8 TC AR,
mg/L;C, N MB 8% TC [IHILHHEIE  me/L,



<122 - LA 4L L

5541 BT

2 SRS

2.1 BiVO, &R &HMK

Bl 1 i 160°C T AN [A] fb Ak st (] 75 2 /Y BivO, Y
XRD % &, FF A HE S ETE 20 4 18.7°,19.0°,
28.9° . 30.5°, 34.5°,35.2°,39.8° 42.3° 46.0°,
46. 8° 47.3° .50.3° 53.4° 58.5° & 59. 3° i B A7 4
W e A4 038 A BiVO, AY(110) .(011) ((121) .
(040) . (200), (002), (211), (150), (132),
(240) ,(042) . (202) .(310) . (321) A1 (123) &1
(JCPDS 14-0688) ,ixX L6370 iy 1F B, UEHH BivO,
R 2R IZ AL BiVO, S AT WG IR SR 5
IR AR T AN, 4 FhARE S I RRAE AT 5 1 5
FEARE , BERHEAT 1345 b R A7, HL45 @ EEARAL,

BRBF /a.u.

20 50
20/(°)
1—BiVO,-6 h;2—BiV0O,~-12 h;3—BiV0,-18 h;4—BiV0,-24 h
B 1 AE &AL A4 BiVO, 8 XRD % A

2 24 160°C T kA [l [R] 45 2] 9 BivO, 1Y
SEM [&l, HRFE M I 45 5 EE AL (B E AT TE 4]
FARKIZR], MAEEE /N T 12 h B9FE & AN
SR 4 1A B AA iR 18 h BRE b A B AR O
WEURL, L, 7S TH S SR 18 h AR i
FLRsT ]

(¢)BiVO,-18 h (d)BiVO,-24 h

B2 FF & B A BiVO, #y SEM K

AFEEEE TR Mk 18 h FE 5L AT XRD 15 K Fil SEM
EIanE 3 FE 4 s, AR B, 3k P A & 43 ) e 31
AR FTEL 2 AL 25 5L, BRIV RE A I 25 0 B
HRARAHI RIS B AR, 58 im0 P T EE 25 08 4%
IMBHEIFEARI SRR, BEAh, MRS EFEE 21
REUR ., PRUL, fefd S LR £ 90°C

SR VY
: A 3

10 20 30 40 50 60 70 80
20/(°)

TR /a.u
i

1—BiV0,-90C;2—BiV0,-130C;3—BiV0,-160C;
4—BivV0,-190C

B3 FE & AGE A K BiVO, By XRD i &

(¢)BiVO,-160C

B4 R & AR T4 R BiVO, By SEM K&

(d)Biv0O,-190C

2.2 BivO, E&EIHL %R

BiVO, . rGO/BiVO, 1 Au/rGO/BiVO, HJ XRD
HEEAE S Bk, BiVO, F1rGO/BivVO, M5 1R AH
I, W vGO MY TEE N BiVO, 54 A 1 A F) 5
M, IR, vGO/BiVO, B S & i If A B3 vGO 1Y
T X AT A A JE R — 2 1GO 1Y ARG
(JREDB %) ; " RAE KA B b, HE B Y
GO R KA TH B 5 Bivo, 1% E A I,
Auw/rGO/BiVO, FYTE E Hh 8 80T AN B 0 37 5 0
A3 T 38. 201 44, 3° X BN IE 4 FHE A Au
BYC111) F1(200) fTi (JCPDS 04-0784) , X —4%
RRW, = uE AR AEAE Au BRI



2021 £ 10 B

TREF /a.u.

10 20 30 40 50 60 70 80
20/(°)

1—BiVO, ;2—rG0O/BiVO0, ;3—Au/rGO/BiVO,
K5 3% BivOo, 24889 XRD & A

34 BiVO, FEAE 5 B Raman JEiE WA 6 PR,
BiVO, M3 E H B 5 4> Raman JE4R 15 | 73 517
F 210,324 367710 % 827 em™' ,XF [ VO~ HIHEFE
AR AR Bl | SO FR AN FR AR 4 4 5l LA B V—O0 $i i
SRR FR AR IR 3, vGO/BiVO, B E
FE 1 346 F11 602 em™ HEL T PIASH AT 04, 2051051
J&HR vGO B D WA G W X — 5 RS T
rGO/BiVO, HAFTE GO, 5 BiVO, MTEEIAHLL , Au/
rGO/BiVO, MK th VO JEFFI V—O 8 1Y I )
FRENXIFR AR AR IR B & A= T R 7 7, 31X 02 17 2K
Au JBORE IS 1T BR800, B

SREE /a.u.

4(I)0 860 12IOO 16I00
PN /em™

1—Auw/rGO/BiVO, ;2—rGO/BiVO, ;3—BiVO,
K6 37 BiVO, ¥4t £ # Raman 3% &

7 4 3 Ff BiVO, JEF R UV/Vis 3ER], 5
BiVO, i KA1 L, rGO/BiVO, Fil Au/rGO/BiVO,
1% B 7E 400 ~ 800 nm i ] Py R 30 H B3 1) v] U >k
W, X A L T GO By AN AR HE T T B
B AE vGO/BIVO, A Au & , B ANAT I X 5

SRF/a.u.

500 600 700 800

P /nm

200 300 400

1—Auw/rGO/BiVO, ;2—rGO/BiVO, ;3—BiVO,

K7 34 BivOo, EAHH UV/Vis & H

Umair Muhammad %;Au/r(l()/BiV(h SEEL IR RBNST LY - 123 -

IO RE B R 3 0 ) S AN B ] R, X
X Au GOk KGR BRI A R 3L R 1Y
w2t AT GO RE B A R T B R R O
AL TEE

it SEM F TEM WiEE 3 FhATRHIESR , Ik 8
fiizm, BivOo, BER. R 8 0.5~1 pm, rGO/
BiVO, f SEM & i 75, BiVO, Wik #% GO 7 3%,
Aw/tGO/BiVO, i SEM K TEM [&l i Bi #b & 7

2k Au Bk

(¢) Au/tGO/BiVO, 1 SEM K& (d) Au/rGO/BiVO, ) TEM &

K8 3 fF BiVO, AT E#y SEM & TEM A
2.3 SeEEREITM
3 A BiVO, MR OBHEL R R PERE a1 9 Fr

1.0F

20 4IO 6l0 80
B} E] /min
(a) X} MB K% PERE

-20 0

1 1 1 1 1
0'220 0 20 40 60 80 100

s} /8] /min
(b) Xt TC AR AR RE
1—Auw/rGO/BiVO, ;2—rGO/BiVO, ;3—BiVO,

K9 3# BiVO, A4k 8 b4 g



- 124 - FAX AL L

o TEA LGRS 80 min J&,rGO/BiVO, I MB )
K fift %N 85.3% , 15 T BiVO,(75.8%) , rGO/BiVO,
REAE 2 BLHD B SR DGR TG P, AT REZ H y vGO 410
#il 7 BivO, HOLER F -2 MR A, Aw/rG0/
BiVO, 4K 5 A M 2 18 45 25— PR SL AR 8007 {2 i
TR LG WM, T B S BT A R T RS
R MB R CRIAE] 98. 0%, LA, Au tHL
AMEDCAE R -2 A ER 3 AR X
TC B Kk fig 5 MB AR, 8 Auw/rGO/BiVO, >
rGO/BiV0,>BiVO, ,

3 it

R P K R 2 6 i SR AR LY BivO,, JIF
rGO FI Au 73 31 7E Bivo, L4 1 rGO/BiVO,
Al Au/rGO/BiVO,, rGO Fl Au WikL 34 &) 7 48 1
BiVO, £, 7E7] WG, Aw/rGO/BivO, *f
MB Fl TC. 4 R fife 34 22 B0 3 38 e ) G A AL TG P . T
H A e, B A R s R iR, A
AT HAEPREE AP 5 ThT ) W o

S 3k

[ 1] Rajasulochana P, Vijay P.Comparison on efficiency of various tech-
niques in treatment of waste and sewage water—A comprehensive
review|[ J ] .Resour Technol ,2016,2(4) :175-184.

[2] Biswas M D, Cho J Y, Jang W K, et al.Synthesis of BiVO,-GO-
PTFE nanocomposite photocatalysts for high efficient visible-light-
induced photocatalytic performance for dyes[ J].J Mater Sci Mater
Electron,2017,28.15106-15117.

[3

[

Dariani R S, Esmaeili A, Mortezaali A, et al.Photocatalytic reaction
and degradation of methylene blue on TiO, nano-sized particles
[J].0ptik (Stuttg) ,2016,127.7143-7154.

[4] Rafatullah M, Sulaiman O,Hashim R, et al. Adsorption of methylene

[

blue on low-cost adsorbents: A review[ J].J Hazard Mater, 2010,
177(1-3) . 70-80.

[5] Ponnusami V,Madhuram R, Krithika Vet al.Effects of process var-
iables on kinetics of methylene blue sorption onto untreated guava
( Psidium guajava) leaf powder: Statistical analysis[ J].Chem Eng
J,2008,140(1-3) :609-613.

[6] Wang D,Li J,Xu Z,et al.Preparation of novel flower-like BiVO,/
Bi,Ti,0,/Fe;0, for simultaneous removal of tetracycline and
Cu®* ; Adsorption and photocatalytic mechanisms[ J].J Colloid In-
terface Sci,2019,533,344-357.

[7] Wang D, Jia F, Wang H, et al.Simultaneously efficient adsorption
and photocatalytic degradation of tetracycline by Fe-based MOFs
[J].J Colloid Interface Sci,2018,519.273-284.

[8] Wang W,Han Q,Zhu Z,et al.Enhanced photocatalytic degradation
performance of organic contaminants by heterojunction photocatalyst

BiVO,/TiO,/RGO and its compatibility on four different

55 41 HIZT

tetracycline antibiotics [ J ]. Adv Powder Technol, 2019,30(9):
1882-1896.

[9] Soltani T,Tayyebi A,Lee B K.Photolysis and photocatalysis of tet-
racycline by sonochemically heterojunctioned BiVO,/reduced gra-
phene oxide under visible-light irradiation[ J].J Environ Manage,
2019,232.713-721.

[10] Tan G, Zhang L, Ren H, et al.Effects of pH on the hierarchical
structures and photocatalytic performance of BiVO, powders
prepared via the microwave hydrothermal method [ J ]. ACS Appl
Mater Interfaces,2013,5(11) :5186-5193.

[11] Liu B,Lin L, Yu D, et al.Construction of fiber-based BiV0,/Si0,/
reduced graphene oxide (RGO) with efficient visible light photo-
catalytic activity[ J].Cellulose,2017,25.1089—-1101.

[12] Qiu P,Park B, Choi J,et al.BiVO,/Bi, 05 heterojunction deposited
on graphene for an enhanced visible-light photocatalytic activity
[J].J Alloys Compd,2017,706.7-15.

[13] Huang W C,Lv L. M,Yang Y C,et al.Synthesis of Cu,O nanocrys-
tals from cubic to rhombic dodecahedral structures and their com-
parative photocatalytic activity[ J].J Am Chem Soc,2012,134(2) .
1261-1267.

[14] Yang H, Jin Z, Liu D, et al. Visible light harvesting and spatial
charge separation over the creative Ni/CdS/Co;0, photocatalyst
[J].J Phys Chem C,2018,122(19) :10430-10441.

[15] Qiu P,Xu C,Chen H,et al.One step synthesis of oxygen doped por-
ous graphitic carbon nitride with remarkable improvement of photo-
oxidation activity ; Role of oxygen on visible light photocatalytic ac-
tivity[ J].Appl Catal B Environ,2017,206:319-327.

[16] Liu X, Liang B,Zhang M, et al.Enhanced photocatalytic properties
of a-SnWO, nanosheets modified by Ag nanoparticles[ J].J Colloid
Interface Sci,2017,490.46-52.

[17] Li M,Xu G,Guan Z,et al.Synthesis of Ag/BiV0,/rGO composite
with enhanced photocatalytic degradation of triclosan[ J].Sei Total
Environ,2019,664:230-239.

[18] Li Q,Guo B,Yu J,et al.Highly efficient visible-light-driven photo-
catalytic hydrogen production of CdS-cluster-decorated graphene
nanosheets[ J].J Am Chem Soc,2011,133(28) :10878-10884.

[19] Pingmuang K, Wetchakun N, Kangwansupamonkon W et al.Photo-
catalytic mineralization of organic acids over visible-light-driven
Au/BiVO, photocatalyst[ J ].Int J Photoenergy,2013,2013(3/4) .
1-7.

[20] Tahir M B,Igbal T, Kiran H,et al.Insighting role of reduced gra-
phene oxide in BiVO, nanoparticles for improved photocatalytic hy-
drogen evolution and dyes degradation[ J].Int J Energy Res,2019,
43(6) :2410-2417.

[21] Meng X, Li Z, Zhang Z. Palladium nanoparticles and rGO co-
modified BiVO, with greatly improved visible light-induced photo-
catalytic activity[ J].Chemosphere,2018,198;1-12.

[22] Guo Y, Yang X,Ma F,et al.Additive-free controllable fabrication of
bismuth vanadates and their photocatalytic activity toward dye deg-
radation[ J].Appl Surf Sci,2010,256(7) :2215-2222.

[23] Li J,Chen Y, Chen C,et al.Solid-phase synthesis of visible-light-

driven BiVO, photocatalyst and photocatalytic reduction of aqueous



2021 FE 10 B

[24

[25

[26

[27

[28

[30

[31

[32

]

]

[

[

—

[

]

[

[

Cr( VI) [J].Bull Chem React Eng Catal ,2019,14(2) ;336-344.
Zhang A, Zhang J,Cui N, et al.Effects of pH on hydrothermal syn-
visible-light-driven ~ BiVO,
photocatalyst[ J].J Mol Catal A Chem,2009,304(1/2) ;28-32.
Tan H L, Amal R,Ng Y H.Alternative strategies in improving the

thesis and  characterization  of

photocatalytic and photoelectrochemical activities of visible light-
driven BiVO,: A review [ J].J Mater Chem A, 2017,5(32):
16498-16521.

Jiang H Q,Endo H, Natori H, et al.Fabrication and photoactivities
of spherical-shaped BiVO,
combustion synthesis method[ J].J Eur Ceram Soc,2008,28(15) ;
2955-2962.

photocatalysts  through  solution

Usai S,Obregon S,Becerro A 1, et al.Monoclinic-tetragonal hetero-
structured BiVO, by yttrium doping with improved photocatalytic
activity[ J].J Phys Chem C,2013,117(46) :24479-24484.
Ahmad J, Majid K. In-situ synthesis of visible-light responsive
Ag, 0/ graphene oxide nanocomposites and effect of graphene oxide
content on its photocatalytic activity [ J ]. Adv Compos Hybrid
Mater,2018,1:374-388.

Chen F, Yang Q, Zhong Y, et al. Photo-reduction of bromate in
drinking water by metallic Ag and reduced graphene oxide (rGO)
jointly modified BiVO, under visible light irradiation [ J ]. Water
Res,2016,101:555-563.

Fu Y,Sun X, Wang X.BiVO,-graphene catalyst and its high photo-
catalytic performance under visible light irradiation[ J].Mater Chem
Phys,2011,131(1/2) :325-330.

Appavu B, Thiripuranthagan S, Ranganathan S, et al.BiVO,/N-rGO
nano composites as highly efficient visible active photocatalyst for
the degradation of dyes and antibiotics in eco system[ J ] .Ecotoxicol
Environ Saf,2018,151:118-126.

Biswas R U D, Oh W C.Synthesis of BiVO,-GO-PVDF nanocom-
posite : An excellent, newly designed material for high photocatalytic

activity towards organic dye degradation by tuning band gap

Umair Muhammad ZF: Au/rGO/BiV 0, SEEL IR RBNST LY

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

- 125 -

energies| J].Solid State Sci,2018,80,22-30.

Van C N, Chang W S,Chen ] W, et al.Heteroepitaxial approach to
explore Au/BiVO,
photoactivity enhancement[ J].Nano Energy,2015,15:625-633.
Bao S, Wu Q, Chang S, et al.Z-scheme CdS-Au-BiVO, with en-

charge dynamics across interface  for

photocatalytic  activity ~ for contaminant

decomposition[ J].Catal Sci Technol,2016,7(1) ;124-132.

hanced organic
Pookmanee P, Longchin P, Phanmalee J, et al.Performance photo-
catalytic degradation of methomyl onto composite graphene oxide/
bismuth vanadate (GO/BiVO, ) nanoparticle[ J].Key Eng Mater,
2017,751.701-706.

Long M, Jiang J,Li Y et al.Effect of gold nanoparticles on the pho-
tocatalytic and photoelectrochemical performance of Au modified
BiVO, [ J].Nanomicro Lett,2011,3:171-177.

Du M, Xiong S,Wu T,et al.Preparation of a microspherical silver-
reduced graphene oxide-bismuth vanadate composite and evaluation
of its photocatalytic activity [ J ]. Materials ( Basel ) ,2016,9(3):
1-14.

Yu C, Dong S, Zhao J, et al. Preparation and characterization of
sphere-shaped BiVO,/reduced graphene oxide photocatalyst for an
augmented natural sunlight photocatalytic activity [ J ]. J Alloys
Compd,2016,677:219-227.

Yu Q,Tang Z R, Xu Y J.Synthesis of BiVO, nanosheets-graphene
composites toward improved visible light photoactivity[ J].J Energy
Chem,2014,23(5) :564-574.

Subramanyam P, Vinodkumar T, Nepak D,et al.Mo-doped BiVO,@
reduced graphene oxide composite as an efficient photoanode for
photoelectrochemical water splitting[ J]. Catalysts, 2018, 325,73~
80.

Wang Z, Wei Y, Wang X, et al. Plasmonic Au nanopraticles
modified nanopyramid-arrays BiVO, with enhanced photoelectro-
chemical activity[ J].J Electrochem Soc, 2019, 166 (5) ;3138 -
3145.1

THS Markit Tl ; £ Bk 4515 il 7= mn T KIS 7E 2036 F£iLBIEE

Wefite
| e

i (THS Markit) & A fe 10, B 25 23k g iR %
, EBERAE AT M 5 T SR B AE 2036 473K 2 14 {A

HR0" i e ORI B (L, 32 2 DU BUR A Al I % U +
HERL F bR 5 o 5 BOS 22 T P AR A Q8 B2 3 i‘D‘ifr@J;

P B ARSI 2026 4F RS HR AT AR SRORE RS KT 900
b JTHE/ H 53 2050 4F, ST SRR F) 8 550 T/ H , KA
COIM PRI A R AR VI R S R
R MRS B ALE R ARSI (NGL)

THS Markit 7, R 2 H 25 344 09 10 JFURL 7R RO
Hjé*’?fjtﬁﬂclﬁ BB, kA7 & 17100 Jst il A 27 i 3 B

9, LS BAT — PR T 356 b 1E 1 0 - 7 T — A1k 30T H
A HEBRAE RIS, WU 2032 4 A BRIEH N T H K

S T

S
\N\

XF w

2%MR%M@%%F&*%¢%%%%%&mmﬁﬁmh%
THS Markit A7 i 717 3% ARl 55 8l 2% Sandeep Sayal 1
T, 0 2 6 A ax#&*fﬁfi
WHEHRZAE O (RS B o, T 5 S P +
OB IEIES . AR AR RN T F A |
e BT S I £ 28Kk A G HT i 230 J5 A/ H 25 W%ﬁ*
ob B 2050 4EEKE R E T 300 ZT7H/ H +
(PR ) i

e temar—hes—hen e —moe—her et —pmse—fmer—hoe—er s —mse—fmsr—hor st et —mer ottt s0 ettt —fmet—mse et —pmsr ettt —pere—pmre—fer®



