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Fig. 1

porous electrodes(b)

XRD patterns of porous Ni-Cu-Ti-xLa electrodes with different La,0, doping(a); 9% doped and undoped La,0O,
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Fig. 2 SEM images of porous Ni-Cu-Ti-xLa electrodes with different La,O, doping levels: (a) x=1; (b) x=3; (c) x=5;
(d) x=7; (e) x=9; (f) x=11; (g) x=13; (h) x=15
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Table 1

shown in Fig. 3

EDS component test results of each test point

Point Mass fraction/%

Ni Cu Ti La (0]
A 77.92 - 22.08 - -
B 50.40 49.60 - - -
C 72.62 - 27.38 - -
D 48.48 51.52 - - -
E - - - 40.62 59.38
F - 5.61 6.82 65.32 22.26

#2  Z{LNi-Cu-Ti FINi-Cu-Ti-9La HLAR (1 FLE5# Z 5
Table 2 Pore structure parameters of porous Ni-Cu-Ti and
Ni-Cu-Ti-9La electrodes

Mean . . -
Porous Porosity/  Air permeability/
pore 3, 2,11 -1
electrode . % (m’*m~“+h -kPa™)
size/um
Ni-Cu-Ti 1.86 38.80 17.88
Ni-Cu-Ti-1La 1.56 31.71 13.79
Ni-Cu-Ti-3La 1.29 31.06 12.57
Ni-Cu-Ti-5La 1.05 29.98 11.54
Ni-Cu-Ti-7La 0.94 30.01 10.70
Ni-Cu-Ti-9La 0.85 30.97 9.88
Ni-Cu-Ti-11La  0.74 27.45 9.64
Ni-Cu-Ti-13La  0.68 27.73 9.45
Ni-Cu-Ti-15La  0.65 27.62 9.27
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Fig. 5 Cathodic polarization curves of porous Ni-Cu-Ti-xLa electrodes((a), (b)), cathodic polarization curves of Ni-Cu

based porous electrodes doped with different elements(c) and Tafel fittings of porous Ni-Cu-Ti and Ni-Cu-Ti-9La electrodes

slopes(d)
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Table 3 Electrochemical parameters of different porous electrodes

Porous electrode b/(mV-dec™) J/(Arem™) Onset potential (vs Hg/HgO)/V P eV
Ni-Cu -383.63 2.26x107 -1.49 -1.710
Ni-Cu-Zr -190.56 0.24x107 -1.25 -1.671
Ni-Cu-Co -199.03 0.31x107 -1.32 -1.675
Ni-Cu-W -153.63 0.87x107 -1.19 -1.526
Ni-Cu-Ti -71.53 1.39x107° -1.04 -1.450
Ni-Cu-Ti-9La -63.18 6.28%107 -1.02 -1.331
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Fig. 6 Cathodic polarization curves ((a), (c)) and Arrhenius diagrams ((b), (d)) of porous Ni-Cu-Ti-9La electrodes and

porous Ni-Cu-Ti electrodes at different temperatures
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Table 4

circuit diagram of different electrodes

Fitting values of each element in equivalent

w(La,0,) /% R(Q+ecm®) R/(Q-em’)  R/(Q-cm?)
0 25.33 220.23 989.00
1 8.71 80.45 295.10
3 7.74 70.48 275.70
5 221 39.60 103.70
7 1.39 29.88 63.61
9 0.64 17.72 31.75
11 1.36 24.65 60.11
13 1.88 32.74 84.62
15 3.94 70.90 93.52
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Preparation and hydrogen evolution performance of
porous Ni-Cu-Ti-La,0, composite electrodes

WU Liang"*?, LI Zhuo" **, ZHANG Qian-kun"*?, XIAO Yi-feng"*?, ZHOU Zi-kun"**

(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 Trajectory Processing Technology and Equipment,

Ministry of Education, Xiangtan University, Xiangtan 411105, China)

Abstract: The porous Ni-Cu-Ti-La,0, composite electrodes were prepared by powder metallurgy sintering. The
effects of different doping amounts of La,O; on the hydrogen evolution performance of the electrodes were
discussed. The phase composition and microstructure of the electrodes were characterized by X-ray diffraction
(XRD), scanning electron microscopy (SEM), and energy dispersive spectrometer (EDS). The results show that the
doping of La,O, in the Ni-Cu-Ti alloy can effectively improve the charge transfer rate of the electrode material.
The porous Ni-Cu-Ti-La,O, composite electrode has a good catalytic activity for hydrogen evolution reaction
in 6 mol/L KOH solution, and its overall catalytic activity for hydrogen evolution is better than that of porous Ni-
Cu-Ti, Ni-Cu-W, Ni-Cu-Co, Ni-Cu-Zr, and Ni-Cu electrodes. When the sintering temperature is 1000 C, the
porous composite electrode with the composition of Ni-Cu-Ti-9La has the best catalytic performance for hydrogen
evolution reaction. The Tafel slope is 63.18 mV/dec and the overpotential is 1077 mV (vs Hg/HgO) at the current
density of 10 mA/cm®. The improvement of catalytic activity of the porous Ni-Cu-Ti-La,0O, composite electrode is
attributed to the synergistic effect between the left semimetal element La and the right semimetal element Ni and
Cu of the d-orbital, as well as the increase of its real surface area.

Key words: Ni-Cu-Ti-La,O, electrode; porous materials; powder metallurgy; hydrogen evolution performance
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