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Fig.1 Flow chart for the preparation of 3DOM NiFe, P
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Fig.2 TEM images of the SiO, template, 3DOM Ni, P,

3DOM FeP and 3DOM Ni, , Fe, ;P
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Fig.3 Nitrogen adsorption —desorption isotherms and pore

size distribution curve for 3DOM Ni, ,Fe, ;P
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Table 1 ICP analysis results for 3DOM Ni, Fe, P
Comw 00 s N
9:1 36.2 4.4 7.8:1
7:3 28.9 13.3 6.2:3
5:5 19.0 23.2 3.9:5
3:7 10.8 28. 1 2.6:7
1:9 3.2 35.8 0.8:9
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Fig.4 XRD patterns of 3DOM Ni, ,Fe, ,P, 3DOM Ni, P and
3DOM FeP, and the small angle XRD pattern of
3DOM Ni, , Fe, ;P
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Fig.5 XPS spectra of 3DOM Ni, ,Fe, ;P, 3DOM Ni, P and 3DOM FeP
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Fig.6 HER performance curves of different catalysts measured in 0. 5 mol/L H,SO,
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Fe &MY 0, A6 Ni Fe H 6] 3DOM Ni, Fe, P
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3DOM Ni,P (172 mV) .3DOM FeP (197 mV), %I+
T Ni Fe PIRh 4@ A 80 6 7 A 1 D R R0N , 2
HE T HER G iy B TR 38 AT RO
%551 3DOM Ni, , Fe, , P /33 B0 n,, B B AKX T
Niy ,Fe, ;P NPs(235 mV) , iX $6 8 =247 5 KA fL4G
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Table 2 HER performance data of different catalysts

niy/  Tafel B/ RY/ ECSA®/

PEALF

mV  (mV-dec™!) Q em?
3DOM Ni, P 172 82 25 227.5
3DOM Nij 4Fe, , P 151 68 15 407.5
3DOM Ni, ; Fey 5P 132 59 8 495.0
3DOM Nig 5Feq 5P 140 63 12 447.5
3DOM Ni, 5 Fe, ;P 152 69 16 390.0
3DOM Nij , Fey o P 160 74 20 332.5
3DOM FeP 197 86 30 195.0
Nig, 7 Feg 3P NPs 235 95 36 157.5
Pv/C 37 20 — —
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Preparation of three-dimensional ordered mesoporous
nickel —iron phosphide and its hydrogen evolution
performance in water electrolysis

JIANG WenQian DONG Jing ZHANG XiaoHan XU LianBin”~

(State Key Laboratory of Organic —Inorganic Composites, Beijing University of Chemical Technology, Beijing 100029, China)

Abstract ; Three-dimensional ordered mesoporous Ni —Fe phosphides (3DOM Ni,Fe, P) with different molar rati-
os of nickel to iron have been synthesized by high temperature phosphating using three-dimensional SiO, nanosphere
arrays as mesoporous templates. The morphology and structure of the prepared materials were analyzed by transmis-
sion electron microscopy ( TEM ), nitrogen absorption and desorption measurements ( BET), X-ray diffraction
(XRD), and X-ray photoelectron spectroscopy ( XPS). The hydrogen evolution reaction ( HER) performance of
the prepared materials was systematically evaluated by electrochemical testing in 0.5 mol/L H,SO,. The results
show that 3DOM Ni,Fe, P successfully replicates the ordered mesoporous structure of the SiO, template in re-
verse, and the pores are neatly arranged and connected with each other. With increasing Fe content, the HER per-
formance of 3DOM Ni,Fe, P first increased and then decreased, and the optimal HER performance was reached
when the molar ratio of Ni to Fe was 7:3. When the current density was 10 mA/cm’, the required overpotential of
3DOM Ni, ,Fe, ;P was 132 mV, the Tafel slope was 59 mV/dec, and the material showed good electrochemical sta-
bility. The excellent electrocatalytic performance of 3DOM Ni, ,Fe, ;P can be attributed to the high specific surface
area provided by the three-dimensional ordered mesoporous structure and the synergistic enhancement effect caused
by the effective combination of the two metals.

Key words: electrochemical water splitting; three-dimensional ordered mesoporous structure; bimetallic nickel —

iron phosphide; template method
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