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R f e Mk G5 R W, A Nd T4 R e bR 1 AL AT AU B, AR EGREE N 3 g LT I, 1E T 35 C R HEE 1 h,
1] % 1] Nd-Ni-B/NF B A & 1k B8 543 . Nd-Ni-B/NF(Nickel foam) R A% 7 1.0 mol-L'KOH ¥ T, 20 mA-cm > FL
TR AT Ay 180 mV, Tafel A%y 117 mV-dec™!, WX Volmer-Heyrovsky #HE#sHl. 1h4h,
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Amor phous Nd-Ni-B/NF Rare Earth Composites:
Preparation and HER Electrocatalytic Performance
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(1. College of Chemistry and Chemical Engineering, Qinghai Normal University, Xining 810000, China; 2. Nano Science and

Technology Institute, University of Science and Technology of China, Suzhou 215000, China)

Abstract: The amorphous nano-Nd-Ni-B rare earth (RE) alloy catalytic electrode on nickel foam (NF) was prepared
by simple one-step electroless deposition method and served as a highly active hydrogen evolution reaction (HER)
catalyst. Its microstructure and electrocatalytic HER performance were characterized. The results show that addition of
Nd improved the electrocatalytic HER. The preparation conditions were optimized with neodymium nitrate of 3 g'L ™,
reaction temperature of 35 C and reaction time of 1 h. The Nd-Ni-B/NF electrode requires an overpotential of only
180 mV to achieve the current density of 20 mA-cm > in 1.0 mol-L™' KOH solution, and the corresponding Tafel slope
is 117 mV-dec . HER of Nd-Ni-B/NF catalyst is controlled by Volmer-Heyrovsky step. Moreover, the Nd-Ni-B/Nf
shows superior electrochemical stability, 12 h chronoamperometry and 2000 sweeps of cyclic voltammetry with no
obvious activity decay.
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Fig. 1 Schematic illustration for fabrication procedure of
Nd-Ni-B/NF electrocatalysts
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Fig. 2 SEM images of (a) NF and (b,c) 3-NNB/NF, (d) EDX mappings of 3-NNB/NF
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Fig. 3 (a) TEM and (b) HRTEM images of 3-NNB/NF with K 4 0-NNB/NF Fil 3-NNB/NF f i 4} & (] XRD i
inset in (b) showing the corresponding SAED pattern Fig. 4 XRD patterns of 0-NNB/NF and 3-NNB/NF powders
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K5 (a)x-NNB/NF(x=0, 2, 3, 4, 5)H1 Pt/C L4} LSV B4k, (b)7E 20 mA-cm™ )i B A7, (c)Tafel #h £k (U5 T (a))F(d)HRHE Tafel
it 22 A1 HE A 3] (152 He HLU 2 P2 (jo); (e)3-NNB/NF HLAR ) CV 4R (Dx-NNB/NF(x=0, 2, 3, 4, 5)FELH 1 78 00 HL J2 J2E - i 26
Fig. 5 (a) LSV curves, (b) overpotentials at 20 mA-cm >, (c) Tafel curves (derived from (a)) and (d) exchange current densities (j,)
derived from the Tafel curves of x-NNB/NF(x=0, 2, 3, 4, 5) and Pt/C electrodes; (¢) CV curves of 3-NNB/NF electrode at different
scan rates; (f) Coulomb curves of charge double-layer capacitance of x-NNB/NF(x=0, 2, 3, 4, 5) electrodes
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towards HER with inset showing the corresponding equivalent
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Fig. 7 (a) LSV curves and (b) Tafel curves of NNB/NF-y(y=25, 35, 45, 55) electrodes
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Fig. 8 (a-e) CV curves at different scan rates and Coulomb curves of charge double-layer
capacitance for NNB/NF-y (y=25, 35, 45, 55) electrodes
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Fig. S1 SEM images of x-NNB/NF(x=0, 2, 3, 4, 5)
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Table S1 EISparameters of x-NNB/NF(x=0, 2, 3, 4, 5) electrodes

Electrode Ry/(Q-cm™) Rp/(Q-cm™) Re/(Q-em™)
0-NNB/NF 0.195 1.573 1.578
2-NNB/NF 0.167 1.294 1.310
3-NNB/NF 0.152 1.261 1.279
4-NNB/NF 0.165 1.438 1.455
5-NNB/NF 0.166 1.536 1.543
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Fig. S4 Faradaic efficiencies for HER catalyzed by NNB/NF-35 in 1.0 mol-L™' KOH
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Table S2 Comparison of the electrocatalytic HER activity for representative
nonprecious HER catalystsin 1.0 mol-L K OH electrolyte

Catalyst Current density@Overpotential Tafel slope/(mV-dec™) Ref.
Nd-Ni-B/NF 20 mA-cm @180 mV 117 This work
Ni-Co/RuO, 50 mA-cm @180 mV 168.3 [1]

Ni-Fe-S/Ti 50 mA-cm @126 mV 269 [2]
V-Ni,P NSAs/CC 10 mA-cm @85 mV 95 [3]

Ni-Fe-P 10 mA-cm™@174.2 mV 142.9 [4]

Ni/NiS 10 mA-cm@230 mV 123 [5]
FeP Nanorod 10 mA~cm’2@218 mV 146 [6]
Nig5Co.s/NC 10 mA-cm @282 mV 189 [7]

FeCoP Nanoarrays 10 mA-cm’2@175 mV 132 [8]
Ni,P-NiSe, 10 mA-cm @66 mV 72.6 [9]
Ni-Co-P/NF 10 mA-cm @85 mV 46 [10]

é/& % 3z mj( : splitting.  Advanced Functional ~Materials, 2016, 26(19):

(1]

(2]

ZHOU Q, DUAN D, FENG J. Preparation of Ni-Co/RuO,
composite electrode and electrocatalytic activity for hydrogen
evolution. Chinese Journal of Inorganic Chemistry, 2019, 35(12):
2301-2310.

LU H, HE X, YIN F, et al. Preparations of nickel-iron
hydroxide/sulfide and their electrocatalytic performances for
overall water splitting. Journal of Electrochemistry, 2020, 26(1):
136-147.

WEN L, YUA J, XING C, et al. Flexible vanadium-doped Ni,P
nanosheet arrays grown on carbon cloth for efficient hydrogen
evolution reaction. Nanoscale, 2019, 11(10): 4198-4203.

SI Y, REN Y, ZHAO Y, et al. Electrodeposition of Ni-Fe-P
amorphous alloy hydrogen evolution cathode material and its
de-alloying treatment. Surface Technology, 2020, 49(9): 175-181.

CHEN G F, MA T Y, LIU Z Q, et al. Efficient and stable
bifunctional electrocatalysts Ni/Ni.M, (M=P, S) for overall water

(6]

[7]

[8]

9]

[10]

3314-3323.

LIANG Y, LIU Q, ASIRI A M, et al. Self-supported FeP nanorod
arrays: a cost-effective 3D hydrogen evolution cathode with high
catalytic activity. ACS Catalysis, 2014, 4(11): 4065-4069.
BAYATSARMADI B, ZHENG Y, RUSSO V, ef al. Highly active
nickel-cobalt/nanocarbon thin films as efficient water splitting
electrodes. Nanoscale, 2016, 8(43): 18507-18515.

MA M, ZHU G, XIE F, et al. Homologous catalysts based on
Fe-doped CoP nanoarrays for high-performance full water splitting
under benign conditions. ChemSusChem, 2017, 10(16): 3188-3192.
LIU C, GONG T, ZHANG J, et al. Engineering Ni,P-NiSe,
heterostructure interface for highly efficient alkaline hydrogen
evolution. Applied Catalysis B: Environmental, 2020, 262: 118245.
YU C, XU F, LUO L, et al. Bimetallic Ni-Co phosphide
nanosheets self-supported on nickel foam as high-performance
electrocatalyst for hydrogen evolution reaction. Electrochimica
Acta, 2019, 317(10): 191-198.



