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Hydrothermal Synthesis and Photocatalytic Properties of Cu-doped BiVO, Microsheets
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(1. Department of Chemical Engineering, Huizhou University, Huizhou 516007, China; 2 College of Chemistry and Chemical

Engineering, Central South University, Changsha 410083, China)

Abstract: Using Bi(NO;);-5H,0, NaVO; and Cu(NO;),-3H,0 as raw materials, Cu-doped BiVO, microsheets were
synthesized by ultrasonic-hydrothermal process with cetyltrimethyl ammonium bromide (CTAB) as template. The
as-prepared samples were investigated by XRD, XPS, SEM, HRTEM, UV-Vis and BET tests. The results reveal that

uniform and well crystallized Cu/BiVO,4 microsheets in monoclinic crystal structure, with length of 1.0-2.0 pm, width

of 0.5-2.0 um and thickness of 200-300 nm, could be obtained via an ultrasonic-hydrothermal route assisted by 2.0 g

CTAB. Compared with BiVO, particles, Cu/BiVO, nanosheets show a little red shift in the absorption band, resulting

in a narrowed band gap (<2.4 eV). For 5.0wt% Cu/ BiVO, microsheet, its photodegradation rate constant K is

5.89 x107/min and the best photocatalytic activity is found with a 100% degradation of methylene blue (MB) with

10 mg/L concentration under visible-light irradiation for 60 min.

Key words: hydrothermal method, Cu/BiVOy; microsheets; photocatalysis
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Fig. 1 XRD patterns of samples prepared under different
conditions

(a) Different pH values (5wt% Cu); (b) Various Cu-doping concentrations
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WE Cu WHEBRMMA SR, SIS
R
2.2 CulBiVO, ¥ GnBI T M T2 353 FARZ B AL IR

Kl 3 4 2.0 g CTAB %l By /K # & 5 10
5.0wt%Cu/BiVOy(a. b. ¢ d)FIARIBZR BiVOs(e. 1)
IO T S I A ot 1 3(a)~(b) A ] 3(e) 1] 401, CTAB
WK A R R FR G, A I A1 SR I
%, ZHRT RIS, Rk, I
R TR K E N 1.0 ~2.0 pm, 554 0.5~1.0 pm,
T PY 5 T 55 B 29(1.0£0.2) um, P& K JE 4
7E(200£50) nm N o 5.0wt%Cu/BiVOy, [543 3% 5t
BRI 3(c))s X HETATH (K 3(d)) R AR B 244
i PR e 20 T (181 3(e)) 78 70 UE S T 3 7 7 i 2 o
RLEE R BIVO, B i o JLH 5.0wt%Cu/BiVO, £1(002)
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Table 1 Cell parameter and crystalline size of BiVO, with various doping contents of copper

Parameter Doping content of copper
0 0.5wt% 1.0Wt% 3.0wt% 5.0wt% 7.0wt% 9.0wt%
ay/ nm 0.5196 0.5195 0.5194 0.5192 0.5189 0.5197 0.5184
by/ nm 0.5094 0.5094 0.5092 0.5190 0.5188 0.5185 0.5183
¢o/ nm 1.1704 1.1701 0.1700 1.1699 1.1696 1.1693 1.1691
BI(°) 90.38 90.37 90.35 90.36 90.37 90.35 90.36
(b) Cu2psn(932.6 V)

CPS/ (au.)

1000 800 600 400 200 0

Cu2pi(952.7 eV)

CPS/ (au.)

960 950 940 930

1200
Binding energy / eV Binding energy / eV
© Bidh(159 ¢V) @ 015(529.70 &V)
Bidfs(164.3 eV) V2ps2(516.3 eV)
) 3
g s
> > 530 335 530 525 52
6 {'_'j Binding energy / eV
170 165 160 155 150 520 518 516 514 512 510

Binding energy / eV

Binding energy / eV

2 Cu/BiVOy,(5.0wt%)[{] XPS &l
Fig. 2 X-ray photoelectron spectroscopy (XPS) spectra of Cu/BiVOy (5.0wt%)
(a) survey spectrum; (e) Cu2p; (b) Bi4f; (c) V2p (inset: Ols)

W, ANFE CTAB 5 &R i BORL I R — s F2 R
IR . 24 CTAB &k 1.0 g (& 4(b)), FEdhE
FZ RSHNT 2 pm 13953 F, 24 CTAB & i il
2.5 g Ja (Bl 4(d)), FEahESRIEE PR g5, H0R
KA, 2 RS RT 2 pm, H52HE T
4 pm. AL, KA R HOIN R TG MR CTAB Xt
TOK BB GRS 2 OCHEAE T, S CTAB AT
BiVO, TCK i RSP 3511k
WH, BiVO, UKL F/K G BHS)IZ (D (2)
RO BEE K, HInN CTAB Ji, Hid i
(D~ ()~ (DHFIS) BEIE R RFE
Bi(NO;); — Bi*"+3NOy’ (1)
NaVO; — Na'+VO5 (2)
Bi*"+ V05 +H,0 —»BiVOy4(particles)+2H"  (3)

Bi*'+VOy +OH —™E 5 CTA"BivO; “H (4)
CTA"BiVO;OH +H,0 — BiVO,(microsheets)
+CTAB+H;0" (5)
AN CTAB I, Bi*' il VO3 454 TG 5E T
BiVO; kL, SRJG/KATE KT BiVO, —4EHIi%,
X ELAT I SRS 1) A A5 AN W AN Jo o R 8 A
TR A A%, 4% 1) A 2 K R ERTE BiVO, i A (&
4(e)- 1)o ¥ /b & R IEPER CTAB 5,
CTAB H Wb 2 a Az 3R 00, AL TE ], (H
CTAB 1t BiVOy, dit% K [ W AN Z 22 5, i 2
HA RN $90PER b (pH=9) £ [f) OH & ¥
O RPN P45 BiVO, dii% I11(010) S 1H
VEFH, 451 6 T 5 7 FRL AT, I S5 A7 F g 1D
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Fig. 3 SEM (a), TEM (b), HRTEM (c) images and SAED (d)
patterns of Cu/BiVOy, (5.0wt%), TEM (e) and HRTEM (f) im-
ages of BiVO,
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tEERERR

Kl 5(a)st Cu/BiVO, 1K (158408 S 56t
K. BiVOs 1 Cw/BiVO, K H B T 8 % 40 X [
(<380 nm)f Rk KA, 7E 400~500 nm [ 7] AL,
JaX A RILHARLF W, 4 BiVO, fE K KT
500 nm A PR SR B SR AR 5, U I LRI A A
500 nm PHIT, M2 Cu Ja HIRANR IO kA T —
SERLE LR, T HBEHE Cu BB, T
FEINag, IXPET Cu &1 B2 [ d Bl i1 KT
& BiVO, 15 Fo BiVOy, 2 SR 1 e Wiz
et~ 2

ahv=A(hv-E,) (6)

b a e RS, v AR, h ok B v L
A NHE, E, B R (6) 1 &R L (ahv)?

i
i

4RI CTAB & & FFES K SEM I (a, b, ¢, d)RIUE BHLEE ()
Fig. 4 SEM images (a, b, c, d) and growth mechanism (e) of the samples synthesized with different CTAB contents
(a) 0; (b) 1.0 g; (¢) 2.5 g; (d) 3.0 g; pH=9, 5wt% Cu
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Fig. 5 UV-Vis diffuse reflectance spectra (a) and N, adsorption-desorption isotherms (b) of the samples doped with different Cu
concentrations
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OGN RA B RSN TS, H2BE Cu
BRI, Cw/BiVO, TCK 6 IS BE 1 52 M
BOP I R RS RN, BUE 540 3.0wt% L
Cu/BiVO, TCK F 1) B4 AR 58 FE B L s b R
B 544 BiVO, 7 BRI /1N o Cu/BiVO, TR F 6 i
T S 2 = BiVO, S al W6 i e 5 st 2L vy
WA — AN B E,

Kl 5(b) A Cu/BiV O, TR 1 N W B iz it 2k,
HE 5(b)r &1,  K4Ba% BiVO, BURLK) SBET XA
18.4 m%/g, MMM 2.0 g CTAB %fi 8 FE—/K #d B
CuB4E N 1.0Wt%. 3.0wt%. 5.0wt%f] Cu/BiVO,
TR T I Sper 20 224 33, 41 m¥/g. 4R, CTAB
5 40K R 1 LG AR TIAR I K TR CTAB IR R0RE
WAL, 1 B Cu &M 2, HRmAH 2
IEARSEHE, HA B2 5.0 wt% Cu/BiVO, ek i B
BRI R AR, A A TR 2 ALY 1,
XA P A TR PR I — AN BN 5
2.4 Cu/BiVO, UK R B AEL I RE S #7

Kl 6 2 LIS AR 4l BiVO, il Cu/BiVO,
(5.0wt%) kA0 FAAE T B S Y. B[] A2 44 (1) WO
WMk, B 6 Bon, HARBI: BiVO, HEALHITE R I
(B &), BEF 400 W H OGHEAT FESS IS E] i 50,
P W AR P OB (5 0 A %, I R T TR e R i

WK R WAL, (HAE Cu/BiVO, (5.0wt%) Y14k 5
PERTTR, 0 FF 568 T R T VR O 8 o 88 i A ) AL %
A R D) PR 28 I T AN BRI B, G KW S e B Yl %
K, 0 B TP R R W A VR ) A S AN Tl S, i FL AT
FEWE IR B R W K R A T W B B, g5 KR
W M 664 nm #EFZ P 580 nm A, X PP IR K
(17 05 8 A2 DT DA R DL s S 6 I R 56 5 A A T I
b iR

KB BiVOs HIAR Cu BEN Cu/BiVO,
A A2 V. PP R (MB) (3 P 4 SR n T 7 BT o

B 7(a) T, FRE A R AR VAT T L R
60 min I [ B AR AN K 6.0%, UL IL B B LR A#
TETESS, T FIFE R R 4B BiVO, UK 16 I
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15 - (b); Cu-BiVO,
L6t {MB solution
1.4 el i 0 min

! i 10 min
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Fig. 6 Absorption spectral changes of MB under visible-light
irradiation

(a) Pure BiVO,; (b) Cu/BiVO,(5.0wt%)
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Fig. 7 Effects of Cu dopants in the Cu-BiVO, on MB degra-

dation efficiency
(a) Photodegradation ratio; (b) Reaction rate constant &

o, HOotEAEE R, Y Cu B EN
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7 39.9%. BEAE SRR RHEAT, WH I PR
AT IR, WO KA VR IR RS, R th 2 F
KR GEAIK, XAV M A 1R 7 4 1) 2D VRl
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Cu &8N 5.0wt%I, k 353 KAH 5.89X107 /min,

BE—B N Cu FHE, kAN, — 50, &R
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BiVO,4 AL G HE AL TG T AR SE 2R E B 2% Cu
B B I I OR, I RS N
5.0wt%.

3 #ig

LA Bi(NO3);-5H,0.  NaVO; fl Cu(NOs),-3H,0
MIEEL 0.2 g CTAB AT, RHKRIES
BT KL N 1.0~2.0 um, 58 E 2 0.5~2.0 pm, JEJE
ZI7E 200~300 nm P ETESUENAE . 4h b B i SRt
A BiVO, J7 TEHOK Fr it A o 12l 4 I V5 T 9
T, ANTE B i 2 R i A

2)#B4% Cu LL Cu™ M1 Cu I R AEAE T 541 BivO,
d AR, T S BN R AR N, Cu BT
(1) d B LT BRIT 2 BiVO, (1) S b S50 48 A i
WVFARE, Cu BAemin, ARG, # &
() Sper 84 K

3) 2.0 g CTAB #illh pH=9 MI/K#AREH
Cu/BiVO, K i 4E K, CTAB 1E BiVO, A% 1
BAEREVER B, AT AR 5 b 10 ) A K
7 | 5 2% ot T A T PR Bl g 52 1) s 4 1 SE I 4
K, TR Cu/BiVO, K A s

4) Cu/BiVO, A GHEATE EBESE Cu 5%
T 5 I HG 0 26 0 FE R A PR, 5.0wt% Cu/BiVOy
WOk B B A R GG ROR, o] WG 15 min
VR L (1) A R vl Gk 31 85.6%, Y6l 60 min W] 5¢
A B A U PR RS R, LR kIR B KM
5.89X10% /min.
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