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One-Step Hydrothermal Synthesis of NiCuP/NF Catalyst and
Its Hydrogen Evolution Performance
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Abstract: Electrolysis of water to produce hydrogen is a promising green method to achieve sustainable energy supply. A NiCuP foam
nickel hydrogen precipitation electrocatalyst was prepared by one-step hydrothermal method. The results show that the electrocatalyst has a
good hydrogen reaction activity at 12 h at the nickel—copper ratio of 8:1 and the hydrothermal temperature of 140 °C. The effect of modifier
on the catalytic activity was also investigated. It is indicated that the addition of the modifier NaCl can provide a better ion interaction
environment, thus significantly improving the catalytic performance. At a current density of 10 mA/cm?, the overpotential is 108 mV with a
Tafel slope of 113 mV/dec (the overpotential change is 113 mV for every 10-fold change in current). The calculations show that the atomic
d-p orbital interaction of Ni2P—CusP induces an enhancement of the electronic activity at the catalyst interface, thus reducing the activation
barrier. Moreover, the addition of NaCl promotes the dissociation of H2O molecules into H ions, thus enhancing the catalytic activity of
hydrogen evolution reaction. This work provides a research basis for the research and development of transition metal electrocatalysts.
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Fig. 1 Schematic diagram of one-step preparation of NiCuP/NF catalyst
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NCP-6, NCP-8, NCP-10 are samples with molar ratio of Ni to Cu as 6:1, 8:1,
10:1, respectively.
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Fig. 2 XRD patterns of NiCuP/NF materials with different
ratios of Ni to Cu
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Fig. 3 Microscopic morphologies and elemental distribution of NiCuP/NF catalyst

(a) 120 C (b) 140°C (c)160 C
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Fig. 4 SEM images of NCP-8 sample prepared at different hydrothermal temperatures
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Fig.5 SEM images of NPC-8 sample prepared with different hydrothermal time
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(a) Pore distribution (b) N, absorption—desorption curves
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Fig. 6 Pore distribution and N2 absorption—desorption curves of catalysts under different preparation conditions

(@) Ni 2p2ss (b) Cu 2py3
K 7 NiCuP/NF 4L XPS Ytk

Fig. 7 XPS spectra of NiCuP/NF catalysts
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(b) Tafel plots

(d) Stability test of NCP-8 electrocatalyst for 20 h at 10 mA/cm?

RHE is reversible hydrogen electrode; R is resistance of electrolyte; R is charge-transfer resistance of the catalyst; CPE is constant phase angle element.

K8  NiCuP/NF AL 77 i FLAL 2 AL 1
Fig. 8 Electrochemical catalytic activities of NiCuP/NF catalyst

2.3 FIRABMEFIHEI S NCPINF BBAENFIRILE
FFRAE
—EW LR NaCl 2R 2 5 B hnfa e,
Tie B A <2 S TR L PRI, JF HLAE IS I 9 R BRI AR
Jrmte —E B, 3FH, EARK G T E
R Y B & AR B AL L Rt 2

AR, BT, SRR LS EOT Rk L,
paw 11 AN NGl =i o =€ il A] B X W = v
WAL 9a, KIUIMA NaCl J&, BRIRATRL
EHELT R RPOR R AEBE . XN
NaCl AR 7 B A 8K FroIR 45 F i) B AL B
PR AERERIERRR I L T AR R 2R 4



« 158 - CRERR Th22 300

J Chin Ceram Soc, 2023, 51(1): 152-162

2023 4

¥o L HTE 9b, KIUIMA DMF, BERIRFURLTH
%K, HANERRGER, XIHET DMF ZH#0] 5
fif R DB W, RO T, A S SRR
%, MR AR B 37, @it 3 #r i 9, R B
MARCOLEfG, BRGHB[A SR T H%
A, Wi B ER CUGe s B /K AT DO AL AT S 4T 2k

(a) NCP+NaCl

(b) NCP+DMF

Ao 3R PIESER AT R, TR R 2
gl AR S, M2, A NaCl j5,
FE il BT 3 45 40 B R, e L T A F P X b 2%
BLEMTE HER JRBIH B85 KB, JF
Hi@id B 10 nfLLE H RIS 20— D m
(40.18 m2/g), EEit b AT LAKRE ok R (b id e

(C) NCP+CgH12

B9 AR SR ) PR AL 7R AR O T 35

Fig. 9 Micromorphology of electrocatalysts synthesized by different modifiers

(a) Pore size

(b) Specific surface area
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Fig. 10 Pore size and specific surface area test of NCP + NaCl catalyst
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(a) Polarization curves
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(b) Tafel diagram

(d) Stability test of NCP + NaCl electrocatalyst for 20 h at 10 mA/cm?

BI11 eeR7r)4m B & iy NCPINF AL 2 A s 1
Fig. 11 Electrochemical catalytic activity of modifer-assisted synthesis of NCP/NF
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(a) Hydrogen analysis of NiCuP /NF in alkaline environment (b) NCP+NaCl structure model and differential charge density map

(c) NiCuP/NF structure model and the differential charge density map (d) Reaction energy barrier map

K112  NiCuP LTS5 F AT HER [N fg
Fig. 12 NiCuP catalyst structure and hydrogen evolution reaction (HER) reaction capacity

(a) Water adsorption process (b) Hydrodissociation

(c) OH- dissociation (d) H; precipitation

K113 NCP+NaCl S RIl 2 ¥ H e 5 %
Fig. 13  Spin density of states of NCP+NaCl catalysts at different stages of HER
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(a) Water adsorption process

(c) OH- dissociation

(b) Hydrodissociation

(d) H, precipitation

Kl 14 NiCuP/NF Js Ridd 25 1 1 e s %
Fig. 14 Spin density of state plot of the transition state of the NiCuP/NF reaction
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