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Fig. 1 XRD pattern for porous Ni;Al-Mo electrode
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Fig. 2
Niz;Al-Mo electrode

SEM image(a) and EDS spectrum(b) of porous
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Fig. 3 Line scans analysis of porous Ni;Al-Mo electrode by

EPMA
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Table 1 Pore structure parameters of porous NizAl-Mo

electrode and porous Ni;Al and porous Ni

Maximum Mean

Porous ore ore Permeability/  Porosity/
electrode .p .p (kParm>h"m?) %
size/pm  size/um
NizAl-Mo 2.7 2.1 20 47
Ni;Al 2.3 2.0 18 40
Ni 4-5 1.2 13.45 18

2.2 % ¥l Ni;Al-Mo BRI EERITSEN

4 P % 4L NisAl-Mo HLBA [R5 2
E@ﬂaﬂ:'ﬁtﬁo %i’QEﬁ‘Ifﬁ%ﬂ‘fE Jdl,ave:(Jc+Ja)/2 g*ﬂjﬁ
MR RWT
Jaave=Ca(dE/dE) (1

Krp: Co 2R R LA J R0 J, 20 2 B B AN
BEUR (1 P I 285 o H AR PR 3R TRDREDRS 82 2 FH X P 2 L 2
EHERLA 20 pF/em®(— R8T 117K H AR 1 80 2
Y 20 pF/em?® VF g W MHELRE J82 () e ) . A sz,
TAEEM U AR 1 em?,  [RICHLRE R IO %% T
HLRR R B8 TAE AR . AN IR 2 1R A e L L 2%
JEE A AR DX TR A Hp TR (7, AR e L S R L o
15 2 a1k 4(b) AT

% 2 BT 2 4L NizAl-Mo HLbY . 271 Ni; Al HLHK
S 2 LN AR H AL 2 i S S 5 AR 2 TP LU

0.02

(a)
—40mV/s
—30mV/s
001F __ 20mvis
I —10mV/s
's —5mV/s
Q OF — 1mV/s
&
S
-0.01F
-0.02 +
-1.06 -1.04 -1.02 -1.00 -0.98 -0.96 -0.94
@ (vs Hg/HgO)/V
0.016 - (b)
0.012}+
=
2 0.008 |
=
S /
0.004
0 1 1

0 0.01 0.02 0.03 0.04
Scan rate/(V-s™")

B 4 Z 4L Ni;Al-Mo HUMRAN RN f0R MR 22 LK
PR LA H R 1) 0 R

Fig. 4 Cyclic voltammograms in double layer region of
porous Ni;Al-Mo electrode at scan rates ranging from 1 to 40
mV/s(a) and mean current density as a function of scan rate for

electrodes(b)
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Table 2 Electrochemical properties of porousNi;Al-Mo cathode materials, porous Ni;Al and porous Ni materials observed at

potentials close to limits of studied domain

Porous b/ Cya/ Jo/ R JoR:Y Onset potential Jo1av/

electrode (mV-dec)) (uF-¢?) (A-cm?) f (A-cm?) (vs Hg/HgO)/V (A-cm?)
Ni;Al-Mo —0.178 30.491 13X10°° 1524.55 8.52X107°° -0.9 —0.200
Ni;Al -0.210 7482 1.9X107° 576.5 3.29X10°° —0.96 -0.145
Ni —0.527 609.8 4.1x10° 30.49 138X 107 -1.6 —0.08
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Fig. 5 Polarization curves of porous electrode recorded in
6 mol/L KOH at 298 K(a) and polarization curves of porous
Ni;Al-Mo electrode and Pt recorded in 6 mol/L KOH at
298 K(b)
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Fig. 7 Nyquist plots for HER at porous NizAl-Mo
electrode in 6 mol/L KOH: (a)—(d) Nyquist plots;

(e) Equivalent circuit mode
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Table 3  Fitted parameters values of equivalent for hydrogen evolution reaction on different temperatures and different potentials

R/ CPE,, in parallel with R, CPE y in parallel with R
e o (Qem’)  7/Q " em 2s®)  R/Qcemd) B T/Q "em?s® R /(Q-cm?) ® ”
P P P I P P
—0.95 0.4143 0.0011155 0.0607 0.998 0.058 45.05 0.77 2.12
—0.98 0.41356 0.0031436 0.1098 0.996 0.0478 16.14 0.85 1.58
313 —1.00 0.45077 0.0070724 0.1804 0.959 0.0412 9.874 0.89 0.87
—1.03 0.43543 0.23479 0.1572 0.876 0.045 5.026 0.84 0.63
—-1.05 0.48117 0.010604 0.30354 0.853 0.0406 3.199 0.91 0.49
—0.95 0.4025 0.17185 0.1984 0.9292 0.080 8.376 0.98 0.81
—0.98 0.4062 0.30189 0.1468 0.8355 0.03018 7.14 0.75 0.46
323 —1.00 0.4434 0.00812 0.1665 0.9614 0.00457 6.198 0.91 0.32
—1.03 0.4597 0.00277 0.1449 0.8642 0.05739 3.589 0.80 0.16
—1.05 0.4624 0.014763 0.2769 0.8497 0.03824 2.542 0.95 0.06
—0.95 0.3902 0.001062 0.0356 0.913 0.07566 8.23 0.79 0.82
—0.98 0.3870 0.001280 0.0380 0.916 0.062 6.497 0.82 0.39
333 —1.00 0.4059 0.021732 0.0784 0.825 0.05154 5.6 0.86 0.42
—-1.03 0.4177 0.0037264 0.1148 0.971 0.0459 2.969 0.89 0.07
—1.05 0.4218 0.008922 0.1625 0.897 0.046 1.92 0.90 0.036
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Fig. 8 Polarization curves for porous NizAl electrode before

-0.35

and after anodic treatment at 298 K: a— Without anodic
treatment; b—After oxygen evolution at 0.5 V for 1000 s (J—¢
response shown in inset); ¢ — After additional hydrogen

evolution at current density of —100 mA/cm? for 1000 s
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Fig. 9  Stability of porous NizAl-Mo electrode during
continuous electrolysis(a) and electrolysis with some current

interruptions(b)
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Electrochemical performance of porous Ni-based electrodes for
hydrogen evolution reaction in alkaline solution

wu Liangl’ 23 GUO Xiao-hua"*3 XU Yangl’ 23 XIAO Yi-fengl’ 23 XU Yan-feil %3,
QIAN Jin-wen" 3, GUAN Zhuo" >3, HE Yue-hui*

(1. School of Mechanical Engineering, Xiangtan University, Xiangtan 411105, China;
2. Key Laboratory of Welding Robot and Application Technology of Hunan Province,
Xiangtan University, Xiangtan 411105, China;
3. Engineering Research Center of Complex Tracks Processing Technology and Equipment, Ministry of Education,
Xiangtan University, Xiangtan 411105, China;
4. State Key Laboratory of Powder Metallurgy, Central South University, Changsha 410083, China)

Abstract: Objective of this work was to investigate the electrochemical performance of porous NizAl-Mo electrodes for
hydrogen evolution reaction using cathodic polarization and impedance spectroscopy techniques. The morphology of the
porous NizAl-Mo electrode was characterized by scanning electron mircosope(SEM) and X ray diffration(XRD). The
results show that Ni;Al-Mo electrode has a large porosity of 47%, the maximum pore size of 2.7 um, the mean pore size
of 2.1 pum and lower overpotential, higher exchange current density comparing to the porous Ni;Al and porous Ni
electrodes. After anodic treatment, the polarization curve becomes almost the same as the one recorded before the anodic
treatment. The activity of the porous Ni;Al-Mo electrode does not change much after the current interruptions, even after
120 h, which indicates that porous NizAl-Mo electrode has higher hydrogen evolution activity and better electrocatalytic
performance.

Key words: hydrogen evolution reaction; porous NizAl-Mo electrodes; cathodic polarization; impedance spectroscopy;

stability
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