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Promotion of Photoelectrochemical Performance of BiVO,
by Binary ZnCo-LDH Co-catalyst

LI Na WANG Mu-Heng ZHAO Yong YAO Rui LIU Guang® LI Jin-Ping*
(Shanxt Key Laboratory of Gas Energy Efficient and Clean Utilization, Tianyuan University of Technology, Taiyuan 030024, China)

Abstract: Bismuth vanadate (BiVO,) is one of the most promising photoanode materials for converting solar
energy into hydrogen energy (STH). However, the practical application of BiVO, is severely hindered by the
intrinsically severe electron-hole recombination. Here, we reported bismuth vanadate (BiVO,) photoanode
decorated with binary zinc-cobalt LDHs (ZnCo-LDH) co-catalyst by one-step electrodeposition method, which
greatly enhances light absorption capacities of bismuth vanadate (BiVO,), accelerates water oxidation kinetics,
facilitates efficient hole transfer to the surface and reduces the surface charge recombination. The hybrid
photoanode exhibited a high photocurrent density of 2.85 mA -ecm™ at 1.23 V (vs RHE), which corresponds to a
259% increase compared to that of the pristine BiVO, photoanode. Furthermore, the onset potential (V) has
greatly decreased from 930 to 270 mV, which displays that OER kinetics is improved upon the deposition of
ZnCo-LDH. In addition, the BiVO,/ZnCo-LDH composite photoanode showed a high surface charge separation
efficiency of 65%, which is 2.17 times that of BiVO,.
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Fig.1 Schematic illustration of fabrication process of BiVO,/ZnCo-LDH photoanode
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Fig.2 Top-view (a) and cross-view (¢) SEM images of BiVO,; Top-view (b) and cross-view (d) SEM images of BiVO,/ZnCo-LDH;
EDS images of BiVO,/ZnCo-LDH (e)
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Fig.3 XRD pattern of BiOI (a); XRD patterns (b) and Raman spectra (c) of BiVO, and BiVO,/ZnCo-LDH photoanode
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All measurements were performed in a 0.5 mol- L™ KPi buffer and measured at 1.23 V (vs RHE) under AM 1.5G illumination (100 mW -cm™)

4 BiVO, Ml BiVO,/ZnCo-LDH MIZePEFI 4 IR 22 M 4R (a), Butler f1ZR (b), WG R 3 010 9 L PR IR 22t 2k (c)
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Fig.4 1SV curves without 1 mol-L™ Na,SO; (a), Butler plots (b), LSV curves with 1 mol-L™" Na,SO; (c) and ABPE curves (d)

of BiVO, and BiVO,/ZnCo-LDH
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Fig.5

(a) UV-Vis absorption spectra of BiVO, and BiVO/ZnCo-LDH; (b) Band gap calculation diagram of BiVO,;

(¢) Band gap calculation diagram of BiVO,/ZnCo-LDH; (d) IPCE curves of BiVO, and BiVO,/ZnCo-LDH



2

%10 0

BR45 . —JC ZnCo-LDH B f# AL 5%+ BivO, b fh 2= PE g 1 fE Uk

1779

AN | X Uk L B T O S5 1 A T R o 4% i e

W BT A7 G PR B Nyquist 122 FH I 7h 19 45 24 H i
BIDLG 12 55 200 H B T P LA Pl 25 R Pl L2, DA 3R
1 W PLA 45 e DLk — 25 43 1 Bivo, Fl BivOoy
ZnCo-LDH(61.29 Q—70.3 Q)Y #BE LB (R) JL T 1%
AL X EEIEH T BiVO, 53K (FTO)Z 8] 1y 7
2 JLF A2/ BiVO)/ZnCo-LDH WA AH L fip 5% 7%
FL BEL (R o, ) W6 TR PR AR (164.9 Q—161.2 €2), 2 1T HL fif
SR T BEL(R ) KR AR (162.4 Q—115.9 Q), X
W1 11 4% ZnCo-LDH Bk 571 AT LAHE & Bivo, R
HL A A i RE 1, ORI 1 %5 7CHE BiVOy/ZnCo-LDH
AN 5 AR VR I A RS (AR A A8 o AR
BB N % 45 B 5 T AR | 2 T R AT 43 S AOR
5 BT — 3

i 3k o3 BT SRR - RE AR (Mott-Schottky 1
2%), " LIS 1 BiVO/ZnCo-LDH 1 BiVO, 2 544
Ferk, AWEL 8 AT LI 1, BiVOy/ZnCo-LDH F1 BiVO,
JEBHHL Y Mott-Schottky 112 (5 28 ) (4 &5 34 Ry 1E 1Y |
FWX OGN n B2 K H 148 ZnCo-LDH
FERBUE BivVO, 1 n BESIERFEYE . BiVOy/ZnCo-
LDH #hZ L& RN T Bivo, LA RPR | ARG
AKX HE A4, BiVO/ZnCo LDH F1 BiVO, 12
THBE(N) 53R 5.09x10% Fil 2.25%10% em™, BiVO,/
ZnCo-LDH s24f BivO, I Y 2.26 £, R 4%
ZnCo-LDH B #4635 5 BivO, St PR i) Ha, o % % fiE
778 E 5 | BiVO,/ZnCo-LDH F1 BiVO, YaBH 19 °F
(V) AT AR A X ) B 4300 0.39 F
0.60 eV, 713k ZnCo-LDH J& Vi HL 3 FRAIG, £ M

90 - 90
& —— BiVO, (a) 80 [—=— BiVO, (b)
o BiVO,/ZnCo-LDH 20— BiVO,/ZnCo-LDH
60 [ 60 F
X X
~, S50 ~, S0F
E &
= 40t ,‘\j 40 |
30F 30 F
20 20 F
10 10
O L 1 L 0 L 1 1
0.6 0.8 1.0 152 0.6 0.8 1.0 1.2
E/V (vs RHE) E/V (vs RHE)

56 BiVO, Fl BiVO,/ZnCo-LDH Y FHAR 1) 444 HL far 43 B 203 1t 4k (a) F1 8 180 R o7 20 BS R0 1T 2R (b)

Fig.6 Bulk charge separation efficiencies (a) and surface charge separation efficiencies (b) of BiVO,

and BiVO,/ZnCo-LDH photoanode
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Photoanode R./1Q R/ Q Ry ! Q
BiVO, 61.29 164.9 162.4
BiVO,/ZnCo-LDH 70.3 161.2 1159
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