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Preparation and Electro-catalytic Property of Nano-crystalline
Tungsten Carbide-Cobalt-Nickel Composite

SHENG, Jiang-Feng MA, Chun-An* ZHANG, Cheng
(State Key Laboratory Breeding Base for Green Chemistry Synthesis Technology, Research Center of Nano Science and
Technology, College of Chemical Engineering and Materials Science, Zhejiang University of Technology, Hangzhou 310032)

Abstract The nano-crystalline tungsten carbide-cobalt-nickel (WC-Co-Ni) composite with meso-porosity
was prepared by a spray drying-gas solid reaction. The samples were characterized by XRD, SEM, EDS and
distribution of particle sizes, respectively. The electro-catalytic properties of the WC-Co-Ni composite for
the hydrogen evolution reaction in basic solution were investigated using the electrochemical technique of
linear sweep voltammetry. The XRD results show that the sample is composed of tungsten carbide, cobalt
and nickel. The EDS results show that the ratio of W/C is near 1. SEM images indicate that the morphology
of the sample is hollow globe or laminated structure with meso-porosity. The particle diameter of the com-
posite can be well controlled in the range from 3 to 30 pum, and the average diameter (dsg) of the monodis-
perse particle is 10 um. The electrocatalytic activity of the WC-Co-Ni composite for the hydrogen evolution
reaction is higher than that of hollow globe tungsten carbide with mesoporosity in basic solution. The im-
provement of the electrocatalytic activity of the sample can be attributed to its components and composite
structure.
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(1) FREL— & S m e s . A IR Eh A IR AR 4%
n(5%)/n(E)/n(E) (BE/REL)=4: 111 FehllEE H 5
L6k 109%IM /K, E S iR Bt TR I S NS
% TR BT 5 R AL, W SR R
TRAYKEBN R R 20 mL/min, 25N HfE A
600 L/h, s i N CIEMEIE 5 24 200 °C, RBAH
FIALIRES 100 °C, W5 %5 452 A0 B1S R A4 B o 464k
LYEIE SN
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3l WC-Co-Ni ¥y AR 12,

(3) WOy M ke RIS PR (R ARG TR R R LBl 41 1)
WK, B & 4 el 10 %K, JFERD
B(Q)FI(2), #1732 WC-Co #AK.

(4) 275 SCHR[16] 11 J5 72 161 4 73 2 A L 250 BRR
WC K.
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KHINCHS EDS (Thermo NORAN VANSTAGE ESI)
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P, WA Cu Ko, HITHEN 15.0 keV; R E 1
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fit b 15.0 keV.
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Figurel XRD patterns of the products
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JES, MW AT LU t, 28 AR 2 R IS0 ERIR
(B 20)F1 5 J2 45 R0 (B 2b), BRURFI R 2 2 1H A0 AT 7 1M
AR FLER. B 2d & WC-Co-Ni FF S BRIR 2 T UK
50000 fi 1) SEM M, M Haf DU Y, BRORSRTH K
AN B REAT IR 0K it /N RORE R B, ORER /N 100
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R B HTRE S UL RLAR AR AT

B2 WC-Co-Ni Ffih 1y SEM i)
Figure2 SEM images of WC-Co-Ni samples
(a) Hollow globe; (b) and (c) morphology; (d) nano particles on the surface of
hollow globe
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Figure3 The particle distribution of WC-Co-Ni samples

24 HmBLERS

Bl 4}l EDS Zrbr gl . I nl %0, #F A7
TEDVYFPL 22 53 C, W, Co AT Ni. 4 &l 4 (1) EDS 73 #t
450, X C, W, Co Fl Ni 7EAF il b 3 & i 4y LU AR 1B
AT THE, BB sk 1 fror. NRPTTLLE |, %
FEMBR . 89, B 5B 7 H 20 800 il g 39.44%,
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Figure4 EDS patterns of the samples
#1 EDSHHLER
Tablel Estimated ratiosaccording to EDS results
k-ratio ZAF Element Err.
Element Atom/% )
(calc) wt/% wt/% (1-Sigma)
C-K 0.0153  4.041 39.44 5.24 +0.18
Co-K 00816 0823 1002 6.46 +0.31
Ni-K  0.0894 0.762 9.56 6.18 +0.29
W-L 0.7239 1.109 40.98 82.12 +219
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Figure5 Linear sweep voltammograms of WC-Co-Ni electrode

and WC electrodein 1 mol/L KOH at scan rate of 0.5 mV/s
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Figure 6 Potential steps curves of (@) WC electrode, (b)
WC-Co-Ni electrode, in 1 mol/L KOH agueous solutions

R2 RN BT SR
Table 2 Kinetic parameters of electrodes for hydrogen evolu-
tionin 1 mol/L KOH solution

b/ i Sea! AG7/

Electrode 5 5 ) o
V  (10°Aecm ) cm® (kJmol )

wC 044 0.16 0.91 14.0 47.16
WC-Co-Ni 034 014 2.03 20.5 34.02
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A KO EL, BRS¢ b ROV S, R A
WH S MR 1g iP~UT 95 R R AF AR IR AT 20 B
FrAETEAL E B RS, WC-Co-Ni HUR bR AESS AL A H1RE A
34.02 kJmol, WC Hi#) Uk 47.16 kImol, Wik 2 fiw,
WC-Co-Ni HLtl ATl AR AL B e LE WC HLRRALR.
PRI A e B R R IX 7 1T, Ui ] WC-Co-Ni HiL Bl bE WC i
W F A S i AT S A TR

HA Bk gs AL, T AR BU R gh

(ORI 31 52 -5 25— ] o R 2380 )i
WAk AR 46 40K B WC-Co-Ni 458K QK &8
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