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Electrocatalytic Oxidation of Glucose on Highly Dispersed Ni-B/Nanoporous
Cu Amorphous Alloy Electrode

Zhang, Shujin Zheng, Yixiong* Yuan, Linshan Yang, Weihua
(College of Materials Science and Engineering, Huaqiao University, Xiamen 361021)

Abstract As glucose is the richest carbohydrate in nature and has extremely high energy density, direct glucose fuel cell
(DGFC) is considered to be a promising power source. Catalyst is the key to the development of DGFC. The expensive noble
metal catalysts hinder their commercial applications. Ni is a cheap metal with an excellent catalytic performance. Ni and its
compounds using glassy carbon as the carrier have been developed for glucose oxidation, but the smooth surface of glassy
carbon could not be conductive to dispersion of nanoparticles. The development of nanoporous materials may overcome the
drawback. In this experiment, Cu-based surface Cu-Zn alloy was prepared by thermal diffusion and Nanoporous Copper
(NPC) with high surface area was prepared by removing of Zn element from the alloy in 5% H,SO, solution. NPC supported
Nickel-Boron (Ni-B/NPC) alloy electrode was fabricated by ultrasonic-assisted electroless plating. The Ni-B/NPC alloy elec-
trode was characterized by scanning electron microscopy (SEM), X-ray diffraction (XRD) and electrochemical methods.
XRD and SEM results showed Ni-B alloy electrode was amorphous structure with high dispersion of Ni-B nanoparticles.
Chronoamperometry (CA) result found the prepared Ni-B/NPC amorphous alloy electrode with ultrasonic for 5 min had the
highest electrochemical active surface area (EASA) and surface roughness. The CV results of glucose oxidation at the
Ni-B/NPC amorphous alloy electrode showed the onset oxidation potential had a negative shift of 39 mV and the oxidation
peak current density increased by 18.9 times compared with the bulk Ni electrode in alkaline media. Meanwhile, the kinetic
parameters of electrocatalytic oxidation of glucose at the Ni-B/NPC amorphous alloy electrode were determined by linear
sweep voltammetry (LSV), CA method and electrochemical impedance spectroscopy (EIS), such as charge transfer coeffi-
cient (f), catalytic rate constant (k) and diffusion coefficient (D). The results indicated the good electrocatalytic activity and
stability of the highly dispersed Ni-B/NPC amorphous alloy electrode for glucose oxidation in alkaline medium, and the dif-
fusion coefficient of glucose was improved by about two orders of magnitude relative to the reported value at the Ni-Cu/GC
electrode. The Ni-B alloy should be a promising anodic catalyst for direct glucose fuel cell.

Keywords nanoporous copper; ultrasonic-assisted electroless; nickel-boron amorphous alloy; glucose; electrocatalytic oxi-
dation
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Figure 1 X-ray diffraction patterns of Cu-Zn samples: (a) without
thermal treatment; (b) with thermal treatment at 180 C for 2 h; (c) deal-
loying for 1 h. Electroless Ni-B amorphous alloy with ultrasonic in dif-
ferent concentrations of KBH, solution: (d) 0.6 geL ™ '; (e) 0.9 gL '; (f)
1.2 goL ™', Inset: the partial magnified curve f
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Figure 2 SEM images of Cu-Zn alloy samples after dealloying for 20
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Figure 3 (A) Chronoamperograms of the bulk nickel (a), Ni-B/NPC
amorphous alloy electrodes without ultrasonic for 5 min (b) and with
ultrasonic for 3 min (c), 5 min (d), 10 min (e), 15 min (f). (B) Chronoam-
perograms of Ni-B/SC amorphous alloy electrodes with ultrasonic for 3
min (a), 5 min (b), 10 min (c), 15 min (d). Solution: 1 moleL"' NaOH;
Step potential from 0.1 Vto 0.11 V
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Figure 4 (A) CV curves of the highly dispersed Ni-B/NPC amorphous
alloy electrode in 1 molsL ' NaOH solution in the presence of different
concentrations of glucose at 10 mVss '. Concentrations of glucose: 0, 5,

10, 20, 30, 40 and 50 mmolsL "' from a to g. (B) The relationship between
the anodic peak current and concentration of glucose
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Figure 5 CV curves of the bulk nickel (a) and the highly dispersed
Ni-B/NPC amorphous alloy (b) electrodes in 1 molsL "' NaOH solution in
the presence of 10 mmolsL ' glucose at 10 mVss '
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Figure 6 (A) CV curves of the highly dispersed Ni-B/NPC amorphous
alloy electrode in 1 molsL "' NaOH solution containing 20 mmoleL
glucose at various potential sweep rate of 2, 5, 7, 10, 20, 30, 40, 50, 60,
70, 80, 90 and 100 mVss ' from a to m. (B) Dependence of the anodic
peak current of glucose oxidation upon the square root of scan rate
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Figure 7 (A) Steady polarization curve of the highly dispersed
Ni-B/NPC amorphous alloy electrode in 1 molsL ' NaOH solution con-
taining 20 mmolsL ' glucose at 0.1 mVes . (B) Tafel plots for the highly
dispersed Ni-B/NPC amorphous alloy electrode in 1 molsL ' NaOH
solution containing 20 mmolsL ' glucose
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Figure 8 (A) Double potential step chronoamperograms of the highly
dispersed Ni-B/NPC amorphous alloy electrode in 1 moleL™' NaOH
solution with 0, 10, 20, 30, 40 and 50 mmoleL ' glucose from a to f. Step
potentials were 400 mV and 100 mV. (B) Plot of /., /Ii versus 2 derived
from the data of chronoamperograms in absence and in presence of 10
mmolsL ™" glucose in 1 molsL ™' NaOH solution. (C) Plot of Iversus ¢ ~"*
from the chronoamperogram in 1 moleL ' NaOH solution containing 10
mmoleL "' glucose after removing the background current
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Figure 9 Nyquist (a), Bode (¢) plots of the highly dispersed Ni-B/NPC amorphous alloy electrode and Nyquist (b), Bode (d) plots of the bulk Ni elec-
trode in 1 moleL "' NaOH solution containing 50 mmoleL ' glucose. DC potential is 350 mV
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Figure 10 Electrical equivalent circuit diagram for modeling the Ny-
quist Plots of glucose electrooxidation at the highly dispersed Ni-B/NPC
amorphous alloy and bulk Ni electrodes. Ry, Cgi, Rei, Cads, Rads represent
solution resistance, double layer capacitance, charge transfer resistance,
electrical elements related to the adsorption of reaction intermediates and
adsorption resistance
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