B35 BE 12 Tl 1k 2% 2 Eild Vol.35 No.12
2019 4£ 12 J CHINESE JOURNAL OF INORGANIC CHEMISTRY 2301-2310

Ni-Co/Ru0, EG5BEHH &R EBELTSIERE

B E2 BEAR Y kR
(ZMEIXFAFEEACL B A NI EBAMNBRELELRET 2N 730050)
CEZMBIRFHAMAFTE TEFRE, ZM 730050)

P RIUPCHBE M 255 25 2005 B F91Kk 2 4L Ni-Co & 4 , A RuO, XF Ni-Co & & #EAT R HE M | 18 ) X HF L AiT 4f
(XRD) X 528 5 Fs T B (X PS) 14 F T 0 5 (SEM) 5 4 0 T 6 B3 (TIEM ) o 25 7L b 4 04007 U 55 O 3 i 24
PR 2wk | 2 ML B BRE | A2 U BT ¥25 AR R AL Pl A 0 0 s 22 AL R ) r AR T P R L 25 SRR W] Ni-Co/RuO, & 7 FE AR B
BHFE 50 mA - em™ L T AT &0 LA 180 mV, BT B 1 Volmer-Heyrovsky 26 3R ¥ il | 28 4t oL R %5 2 4.42 mA - em?,
2810 h {5 HL U HEL AR S FLO U T 20 mV R B R R BT SRR e

XK. LA 4 Ni-Co/Ru0, Z & HM, mAELITE
HES %S, 0646; 0614.812; 0614.81'3; 0614.82°1 SERFRIRAS . A XEHS: 1001-4861(2019)12-2301-10
DOI: 10.11862/CJIC.2019.258

Preparation of Ni-Co/RuQ, Composite Electrode and Electrocatalytic
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Abstract: Nanoporous Ni, Co and Ni-Co alloys were prepared by rapid solidification combined with de-alloying.
The surface of Ni-Co alloy was modified by RuO,. The phase analysis and morphology of porous materials were
characterized by X-ray diffraction (XRD), X-ray photoelectron spectroscopy (XPS),scanning electron microscope
(SEM) and transmission electron microscope (TEM). The electrocatalytic hydrogen evolution performance of the
porous electrode was tested by linear sweep voltammetry, multi-potential step, alternating current impedance and
potentiostatic electrolysis. The results show that the Ni-Co/Ru0O, composite electrode material has a hydrogen

evolution overpotential of 180 mV at a current density of 50 mA -cm™

. The hydrogen evolution process was
controlled by the Volmer-Heyrovsky step, and the exchange current density was 4.42 mA -cm™. Compared with
nanoporous Ni, nanoporous Co and nanoporous Ni-Co alloy, Ni-Co/RuQ, composite electrode had the lowest
apparent activation energy during hydrogen evolution. After 10 h constant current electrolysis, the potential only

increased by 20 mV, showing excellent hydrogen evolution stability.
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Fig.1 XRD patterns of precursor alloy and de-alloying
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Fig.3 SEM images of samples after de-alloying
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Fig4 TEM and HRTEM images after de-alloying
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Table 1 Kinetic parameters of hydrogen evolution

reaction of different electrodes

Electrode al/mV b/ (mV-dec) jo! (mA-em?)
Co 605.8 236.2 272
Ni 485 191.7 2.95
Ni-Co 4602 184.8 3.23
Ni-Co/Ru0, 396.3 1683 442
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(a) Tafel curves of Ni-Co/RuO, composite electrode at different temperatures; (b) Arrhenius relationship

curve of Ni-Co/RuO, composite electrode; (¢) Activation energy of different electrodes
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Fig.8 I-t response curves of different electrodes
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Table 2 Surface parameters of different electrodes
Electrode Cyl pwF S,/ em? r
Co 33759 1 688 1 688
Ni 106 184 5309 5309
Ni-Co 164 312 8 215 8215
Ni-Co/Ru0, 594 165 29 708 29 708

itk — 2 M e S R B R AT S AR A
FH LA 2 28 i BELPTF 53 AT S0 8 B A 1Y Ni-Co/
RuO, & A, B 9 4 Ni-Co/Ru0, B A H L 7E AR
)3k FL A2 R B9 Nyquist B, [RSR F Zimpwin 244
HEAT B FLAE R B AN R 10 s LG S8
EHaNE 3 s, B 10 % R, FZNERE R, 2w
HL 5 RS BT, €,y Fom A B 2 L% R, 1 C,
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Fig.9 Electrochemical impedance spectra of Ni-Co/Ru0,

composite electrodes at different potentials
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Fig.10  Equivalent circuit diagram of AC impedance

fitting of Ni-Co/RuO, composite electrode

FL A b 2ot i v R R A R Y R M R RE T L 3R
TEHAERERIPL S |, R it — 2B 9 Ni-Co/RuO, HLAK 1)
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h 7% 22 L AR E TR 11), IR RT LA
IR HL A7 S -0.17 V(vs RHE), £ 10 h HLf#f )5 HL A
H-0.15V (vs RHE), HL ik 7 rf f A7 403G hn 20
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Table 3 Fitting parameters of AC impedance equivalent circuit of Ni-Co/RuQO,

composite electrode at different potentials

R./ Cul R/ C,/ R,/ C./ R./
7/ my (Q-cm? (WF-cm?) (Q-cm? (F+em?) (Q-cm?) (Frem? (Q-cm?
Equilibrium potential 1.936 404.7 0.202 4 0.015 26 0.286 5 0.120 2 0.526 9
50 1.955 489.2 0.196 0.0219 1 0.271 2 0.147 0.465 6
100 1.955 5175 0.189 7 0.022 0.247 9 0.154 8 0.3335
150 1.953 520.6 0.168 8 0.023 06 0.221 1 0.161 3 0.310 2
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Fig.11 Timing potential curve of Ni-Co/RuO, composite

electrode
3 & g

(1) R PR BE [ 455 K G bkl f k2
fL Ni.Co M Ni-Co &4, M id IR R UL, & b
AL L 523 RuO, X 99Kk 241 Ni-Co & 45 221
FEM, H 515 299K Z 1L Ni-Co/Ru0, & & H
e, 3 FhHTSRIA S G 7E 65 °CHY NaOH i W 283
32 h K& 4G XRD AR M Al 50F & Al
A TS XPS B o AR R I AL B AH SC R ARG | 36
M 24 4158 4 XPS W78 Ru V+4 77 1€ ,SEM
i s A5 2 FLAR R ST 24 50~300 nm, BRI STZY
50~150 nm, H 2 Z 2R 010

(2) A Z AL Ni-Co/RuO, & A& L TE 1 mol - L
NaOH % W 200 SRR M A R RE , AT &t ft i
Volmer-Heyrovsky & B 42 i, 7£ 50 mA -cm™ HL It %
JE AT T LA 180 mV, 3848 HL I % 4 4.42x
107 Arem?, £ 0.1 Arem® L E T, 4 10 h H
fift J5 AL 20 mV, B B A BT SRR T
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