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Fig.1 (a) XRD patterns of P-W,C@ NC; (b) The N, adsorption-desorption isotherms;
inset; The pore-size distribution of P-W,C@ NC
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Fig.2 (a) SEM image of P-W,C@ NC; (b) TEM image of P-W,C@ NC;
(¢) HRTEM image of P-W,C@ NC; (d-h) The element mappings of P-W,C@ NC
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Fig.3 (a) XPS spectrum of P-W,C@ NC; (b) HR-XPS of C 1s; (¢) HR-XPS of W 4f;

(d) HR-XPS of N 1s; (e) HR-XPS of P 2p; (f) Representation of the three types of N dopants
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Fig.4 (a) Raman patterns of P-W,C@ NC and W,C@ NC; (b) I./1, comparison of
P-W,C@ NC and W,C@ NC
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Fig.5 (a) LSV curves of catalysts for HER in 0.5 mol/L H,S0,; (b) Tafel slopes of catalysts;

(¢) The difference in the current density (j) between the anodic and cathodic sweeps (Dj) versus the scan rate;

(d) Electrochemical impedance spectra ( EIS) spectra; (e) LSV curve after 2000 CV scan; (f) I-T curve
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Fig.6 (a) LSV curves of catalysts for HER in 1 mol/L KOH; (b) LSV curves of catalysts for HER in 0.1 mol/L
phosphate buffer; (¢) I-T curve of P-W,C@ NC in 1 mol/L KOH; (d) I-T curve of
P-W,C@ NC in 0.1 mol/L phosphate buffer
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Urea-formaldehyde Resin Derived P-doped Tungsten Carbide on
N-carbon Sheets (P-W,C@NC) as All pH HER Catalyst

HAN Miao-miao

(Jilin University of Architecture and Technology, School of Municipal and
Enviromental Engineering, Changchun 130114, China)

Abstract; Tungsten carbide has attracted extensive attention in the field of electrocatalytic hydrogen evolution due
to its unique Pt like electronic structure and catalytic performance. Heteroatom doping and the construction of nano-
materials with high specific surface area are important strategies to further improve their properties. In this study,
the heteroatom doped tungsten carbide with high specific surface area was prepared by controlled carbonization of u-
rea formaldehyde resin with rich polar functional groups as the substrate and polyoxometalate clusters uniformly sup-
ported on its branched chain skeleton (P-W,C@ NC) all pH hydrogen evolution catalyst. The BET specific surface
area of the material is 136 m* - g”'. XRD, XPS, SEM and TEM results show that the catalyst is composed of tung-
sten carbide nanoparticles with phosphorus doping and a thin nitrogen doped carbon layer coated on the surface of
tungsten carbide particles. In 0.5 mol/L sulfuric acid, 1 mol/L potassium hydroxide and 0.1 mol/L sulfuric acid
buffer solution, the current density of 10 mA - ecm™ can be achieved only by over potential of 83, 63 and 179 mV
respectively, and this catalyst have long-term catalytic stability.

Key words: electrocatalysis; HER; transition metal ; carbide



