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A Novel Ni-WC/AC Catalyst with Enhanced Electroactivity for Glucose 

Oxidation 

Suitao Qi*, Jiaqi Yue, Chen Hao, Yingying Li, Chunhai Yi and Bolun Yang 
 

WC-doped Ni over active carbon catalyst (Ni-WC/AC) prepared by incipient wetness impregnation, is 5 

proposed as an anode for the amplified electrochemical oxidation of glucose in 0.1 M KOH solution. 

Cyclic voltammetry and morphology characterizations were used to explore these electrocatalysts. It was 

found that Ni-WC/AC catalysts were nanoparticles with diameter of 10 nm and the 20%wtNi-

20%wtWC/AC catalyst showed a superior electrocatalytic activity toward glucose oxidation. The 

extraordinary activity obtained at 20%wtNi-20%wtWC/AC modified glass carbon electrode (GCE) is 10 

attributed to the synergistic effect between Ni and WC toward the glucose electroxidation. 

Key word: Ni-WC, glucose, electroxidation catalysis 

Introduction 

Electrocatalytic oxidation of glucose has gained much attention 
due to its important applications in many fields such as 15 

biotechnology, clinical diagnostics, and food industry [1-3]. 
Numerous efforts were devoted to selecting noble metals and 
their alloys such as Pt [4], Au [5-7], Pt-Au [8], Pt-Pd [9] and Au-
Ag [10] for glucose oxidation. Although the noble metal 
electrode exhibited the high elecrocatalytic activity towards 20 

directly oxidation of glucose, its surface was easily fouled by the 
chemisorbed intermediates or the adsorbed chloride ions, which 
would result in the poor operational stability of electrodes. In 
addition, the high price of noble metal may limit its commercial 
application. This has turned the recent efforts to the development 25 

of relatively cheap materials, such as Ni [11-13], NiO [14-16], 
Ni(OH)2 [17,18], Cu [19], Ru(Ⅲ) [20], LaTiO3-Ag0.2 [21] and 
FeOOH [22]. As Nickel and nickel hydroxide exhibited the 
excellent catalytic performance in alkaline medium for glucose 
oxidation, Ni based materials such as Ni-Cu [23], Ni-Pt [24], Ni-30 

Pd [25], NiOx-MnOx [26] and Ni(OH)2-Co(OH)2 [27] were 
extensively investigated among these catalysts materials. 

On the other hand, since Levy and Boudart [28] firstly 
reported that the transition metal carbide WC is similar to Pt in 
the electronic structure and catalytic properties, it has been 35 

regarded as the promising candidate material owe to its Pt-like 
catalytic activity, excellent stability, high resistance oxidation and 
CO poisoning. There are some reports that WC has shown great 
electrocatalytic activity for methanol oxidation. To the best of our 
knowledge, WC acted as a catalyst for electrocatalytic oxidation 40 

of glucose has not been reported. Active porous carbon could 
facilitate the mass transport in the electrodes compared with some 
other carbon materials. Hence, it would be interesting thing to 
combine Ni with WC supported on active carbon to exploit their 
combined characteristics toward glucose electroxidation. 45 

In this work, a series of compound WC-doped Ni over active 

carbon (Ni-WC/AC) catalysts with the certain content of Ni were 
prepared by incipient wetness impregnation and tested as an 
electrocatalyst toward glucose electroxidation. It exhibited the 
high stability and the remarkable electrocatalytic activity for 50 

glucose oxidation, revealing the feasibility to use Ni-WC as a 
highly active, durable, and cost-effective electrocatalyst in 
nonenzymatic glucose sensor or glucose fuel cell. 

Experimental 

The compound eletrocatalysts Ni-WC/AC and WC/AC were 55 

prepared by incipient wetness impregnation in temperature 
program method. The complete details of preparation process 
were described in our previous work [29]. 

The electrochemical measurements (Cyclic voltammetry) 
were performed using a conventional three-electrode system with 60 

a platinum wire as the auxiliary electrode and an Hg|HgO (1.0 M 
KOH) as the reference in a CHI 760 electrochemical workstation 
(CH Instrument, China). The working electrode was the modified 
glassy carbon electrode (GCE). The modification of GCE by 
means of the combination of Ni with WC was achieved by the 65 

following steps. A certain amount of WC/AC or Ni-WC/AC was 
added to the prepared mixture of 30 µL Nafion (Nf), 20 µL H2O 
and 2.5 mL ethanol, and then the mixture were dispersed with the 
mild ultrasonication for 30 min in order to form a homogeneous 
liquid. Whereafter, 5 µL of the homogeneous liquid was dropped 70 

onto a glassy carbon electrode (d = 3 mm) and allowed to dry in 
ambient air for 24 h. The modified Ni-WC/AC/GCE was 
obtained. GCE was precleaned by polishing with 1.0, 0.3, and 
0.05 µm alumina slurries, followed with sonication in ethanol and 
water successively. 75 

The crystal structure of the sample was characterized using 
X-ray diffraction equipment (XRD, Holland PANalytica X'Pert 
ProX) using a Cu Kα radiation. The catalyst surface morphology 
were observed by field emission scanning electron microscope 
(FE-SEM) coupled with energy dispersive spectrometer (EDS) 80 
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(sirion200,U.S.) and transmission electron microscope (TEM) 
with selected area electron diffraction (JEM-2100, Japan). The 
surface composition of the samples was characterized by X-ray 
photoemission spectroscopy (XPS, Kratos AXIS Ultra). 

Results and discussion 5 

3.1 Characterization of Ni-WC/AC catalyst 

 

Fig.1 (a) XRD patterns of 20%wtNi-20%wtWC/AC, 20%wtNi/AC and 
20%wtWC/AC; XPS spectra of (b) 20%wtNi-20%wtWC/AC (c) Ni 2p 

and (d) W 4f of 20%wtNi-20%wtWC/AC, 20%wtNi/AC and 10 

20%wtWC/AC. 

As shown in Fig. 1a, the diffraction peaks consistent with C, WC 
and Ni can be found in the XRD patterns of 20%wtNi-
20%wtWC/AC. The diffraction peaks of 20%wtNi-
20%wtWC/AC at 2θ = 44.42, 51.78, and 76.36 are consistent 15 

with the (111), (200), (220) planes of the cubic structure of Ni 
(JCPDS No.01-070-1849), demonstrating that the major 
composition is metallic Ni. Similarly, the diffraction peaks of 
20%wtNi-20%wtWC/AC at 2θ = 31.60, 35.72, 48.26 and 73.38 
are consistent with the (001), (100), (101) and (111) planes of the 20 

hexagonal structure of WC (JCPDS No.03-065-8828), while the 
diffraction peaks at 2θ =39.45, 61.77 are in accordance with the 
W2C (121) and (023) (JCPDS No.03-065-8829). The XRD 
diffractions of WC indicated that the formed carbides mainly 
were WC including a few W2C. The intensity of W2C diffraction 25 

peaks was reduced in Ni-WC/AC patterns, which may due to the 
following calcinations process of catalysts preparation. 
Accordingly, it can be concluded that the nanoparticles prepared 
in this work include nickel of face-centered cubic (fcc) structure 
and tungsten carbide of hexagonal-close packed (hcp) structure as 30 

major phases.  
To explore the interaction between Ni and WC, the chemical 

states of the catalysts surface are analyzed by X-ray photoelectron 
spectrum (XPS). As shown in Fig. 1b, the survey XPS spectra 
display a set of peaks corresponding with C 1s, O 1s, W 4f and Ni 35 

2p spectra, respectively, which is in accordance with the XRD 
results. It should be noted that C 1s (284.8eV) is ascribed to an 
active carbon substrate and WC, and the peak at 532.2eV is 
attributed to O 1s spectra. The existence of oxygen might be the 
adsorbed oxygen on the catalyst surface or nickel oxide. As 40 

shown in Fig. 1c, the Ni 2p spectrum of Ni/AC shows two peaks 
with Ni 2p3/2 binding energy of 852.2 eV and 855.8 eV, which is 

characteristic of Ni0 [31] and Ni2+ [32], respectively. Compared 
with Ni/AC, the Ni 2p spectrum of Ni-WC/AC positively shifts 
(852.8 eV and 856.2 eV), which is attributed to the electron 45 

transfer effect from Ni to WC metal [33]. The W 4f spectrum of 
WC/AC (Fig. 1d) shows that both W0 (W 4f5/2 binding energy of 
34.3 eV and W 4f7/2 binding energy of 32.3 eV) and W6+ (W 4f5/2 
binding energy of 38.3 eV and W 4f7/2 binding energy of 36.1 eV) 
[34] appear on the WC/AC surface. In contrast to the positive 50 

shift of Ni 2p, the W 4f binding energy of Ni-WC/AC shifts 
negatively relative to that of WC/AC. In conclusion, the positive 
shift of Ni 2p binding energy and the negative shift of W 4f 
binding energy for Ni-WC/AC can testify to the electron 
interaction existing between Ni and WC, and this synergistic 55 

effect between metal and support can significantly improve the 
performance of the electrocatalyst [35]. 

 
Fig. 2 (a, e, f) SEM images of 20%wtNi-20%wtWC/AC at different 

magnifications, (b-d) elemental mapping of C, Ni and W 60 

Fig. 2a shows the scanning electron microscopy (SEM) 
image of 20%wtNi-20%wtWC/AC. Fig. 2b-d shows the elements 
mapping of C, Ni and W. Clearly, it can be found that Ni and W 
are well distributed throughout the catalyst. The uniform 
distribution of Ni and W suggests the uniform coverage of Ni and 65 

WC around the substrate of active carbon. Seen from the SEM 
images in Fig. 2e and Fig. 2f, these catalysts displayed as some 
staggered rods with a diameter of 300nm or so, which are formed 
by many interconnected small particles.  
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Fig. 3. (a) TEM image of 20%wtNi-20%wtWC/AC; (b) HRTEM image 
of 20%wtNi-20%wtWC/AC. SAED pattern of (c)20%wtNi/AC and 

(d)20%wtNi-20%wtWC/AC. 

Fig. 3a shows TEM micrograph of 20%wtNi-20%wtWC/AC 5 

catalyst, where a mass of nanoparticles are clearly observed and 
the nanoparticles have a diameter of 10nm. The measured lattice 
spacing of 0.184Å and 0.266Å corresponded to the Ni (200) and 
WC (001) was shown in Fig.3b and the junction of the two lattice 
fringes reveals that Ni is on the top of WC. In addition, both 10 

SAED patterns of 20%wtNi-20%wtWC/AC and 20%wtNi/AC 
nanoparticals exhibits the well-ordered rings (Fig. 3c-d), 
indicating that both of them are polycrystalline. Compared to 
20%wtNi/AC catalyst, the extra rings for SAED patterns of 
20%wtNi-20%wtWC/AC would be attributed to WC. 15 

Table 1. EDS results of different Ni-WC/AC catalyst surfaces 

Catalyst 
Element/Mass% 

Ni W C 

10%wtNi-20%wtWC/AC 11.63 14.06 74.31 
20%wtNi-20%wtWC/AC 21.12 17.27 61.61 
30%wtNi-20%wtWC/AC 39.25 13.62 47.13 

 
The EDS results of catalysts with the different Ni or WC 

content were listed in Table 1. The surface compositions of 
catalysts, except for 30%wtNi-20%wtWC/AC, are basically 20 

consistent with that of the bulk phase, revealing that active 
elements disperse evenly on both the surface and the bulk. The 
higher Ni content may be due to that Ni unevenly disperses for 
30%wtNi-20%wtWC/AC catalyst. In addition, it must be pointed 
out that some of C was attributed to the substrate AC. 25 

3.2 Electrocatalytic oxidation of glucose at the modified 
electrodes 

The electrocatalytic behaviours of the modified electrodes 
towards glucose oxidation in an alkaline medium were tested by 
cyclic voltammetry (CV). Fig. 4 shows the CVs of the 30 

20%wtWC/AC/GCE in the absence and the presence of 1.0mM 
glucose in 0.1M KOH solution. No redox peaks were observed, 
which indicated that 20%wtWC/AC/GCE has no current response 
towards glucose. 

 35 

Fig. 4. Cyclic voltammograms of 20%wtWC/AC in the absence(a) and 
presence(b) of 1mM glucose in 0.1 M KOH solution. Scan rate: 50 mV s-

1. 25℃. 

 

Fig. 5. Cyclic voltammograms of (a) 20%wtNi/AC (b)10%wtNi-40 

20%wtWC/AC (c) 20%wtNi-20%wtWC/AC (d) 30%wtNi-
20%wtWC/AC in 0.1 M KOH solution with and without 1mM glucose. 
Curve a is the CV response in 0.1 M KOH solution and curve b is the 

response in 0.1 M KOH solution containing 1mM glucose.  Scan rate: 50 
mV/s, 25℃. 45 

Fig.5a shows the CVs of the 20%wtNi/AC/GCE in the 
absence and the presence of 1.0 mM glucose in 0.1 M KOH 
solution. The blank experiment test of Ni/AC/GCE presents a pair 
of redox peaks with the peak potentials located at 0.63 V and 0.38 
V (curve a, Fig. 5a), which is assigned to the Ni3+/Ni2+ redox 50 

couple[30]. The addition of 1.0 mM glucose made the anodic 
current significantly increased (curve b, Fig.5a), indicating that 
the 20%wtNi/AC/GCE exhibits the stronger electrocatalytic 
activity toward glucose oxidation compared to 20%wtWC/AC. 
Compared to that at 20%wtNi/AC/GCE, the response obtained at 55 

20%wtNi-20%wtWC/AC/GEC slightly decreases in 0.1 M KOH 
(curve a, Fig.5c). This may be due to some Ni active sites 
covered by WC. However the peak current at 20%wtNi-
20%wtWC/AC/GEC is higher than that at 20%wtNi/AC/GEC in 
0.1 M KOH solution containing 1 mM glucose (curve b, Fig.5c). 60 

The enhanced electrocatalyst activity of 20%wtNi-
20%wtWC/AC would benefit from the synergistic effect between 
Ni and WC toward glucose electroxidation. It has been found that 
doping Ni with WC indeed changes the electron distribution of Ni 
atom in our previous work [29] and there are resonance between 65 
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Ni 2p orbit and W 4f orbit, which is in accordance with the XPS 
results. 

It is noteworthy to mention that the electrocatalytic activities 
of Ni-WC/AC/GEC could be correlated with the different Ni 
content. As shown in Fig.5b, 5c and 5d, a weak response was 5 

observed at the 10%wtNi-20%wtWC/AC/GCE revealed that Ni 
active sites is limited on the electrode surface. With the increase 
of Ni from 10%wt to 30%wt, the corresponding current passes 
through a maximum at 20%wtNi-20%wtWC/AC/GCE, which 
indicated that the formation of synergistic effect required a proper 10 

ratio of Ni and WC. 

 

Fig.6. CVs of 20%wtNi-20%wtWC/AC for 1.0mM glucose in 0.1 M 
KOH at various scan rates: 10, 20, 30, 40,50, 60, 70, 80, 90,100 mV/s. 

The inset presents the plots of peak current vs. v1/2. 15 

Fig. 6 presents the CVs at the 20%wtNi-
20%wtWC/AC/GCE for 1.0 mM glucose in 0.1 M KOH with the 
various scan rate ranging from 10 to 100 mV/s. Both the anodic 
and cathodic peak currents from CV were linearly correlated to 
the square root of scan rate (the inset of Fig. 4), which 20 

demonstrated that the glucose electroxidation is a typical 
diffusion-controlled process, which can be used to guide the 
experiment process. 

3.3 Amperomertic responses of 20%wtNi-
20%wtWC/AC/GEC to glucose 25 

Fig. 7a exhibits the amperometric response to glucose on the 
20%wtNi-20%wtWC/AC/GCE, which was evaluated by 
measuring the current response at a fixed potential with adding 
the glucose amount. A well-defined, stable and fast amperometric 
responses could be observed at +0.65 V with the successive 30 

addition of glucose into 0.1 M KOH aqueous solution. It shows a 
linear dependence (R = 0.944) in the glucose concentration range 
of 0.1 mM to 7.5 mM with a sensitivity of 20.88 uA/mM (Fig. 
7b). The detection limit of the 20%wtNi-20%wtWC/AC/GCE is 
5 uM. 35 

 

Fig. 7. (a) Current–time curves of the 20%wtNi-20%wtWC/AC/GCE at 
+0.65 V with successive addition of 0.1, 0.2 and 0.5 mM glucose in 0.1 M 
KOH. (b) The calibration curves obtained from the current–time curves in 

(a). 40 

 
Fig. 8. Long-term stability of 20%wtNi-20%wtWC/AC  toward glucose 
oxidation over 3 weeks in 0.1 M KOH solution at +0.65 V with addition 

of 1.0mM glucose. 

The stability test of the 20%wtNi-20%wtWC/AC/GCE was 45 

also conducted by discontinuously measurements every 3 days 
and the results were shown in Fig.8. It was found that even if the 
electrode was stored for three weeks at ambient conditions, it 
could remain 98% of its original response exhibiting the good 
stability. 50 

Conclusions 

A modified Ni-WC/AC/GCE was prepared and tested the 
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electrocatalytic activity toward glucose oxidation in alkaline 
media. It was found that Ni-WC/AC/GCE exhibited the 
remarkable current response. In addition, it was found that direct 
electrochemical response of glucose at the Ni-WC/AC/GCE was 
gradually improved with increased glucose concentration in 0.1M 5 

KOH solution. It is important to highlight that 20%wtNi-
20%wtWC/AC exhibits the enhanced electrocatalytic activity 
toward glucose oxidation, which is attributed to the synergistic 
effect between Ni and WC. 
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