Iran. J. Chem. Chem. Eng.

Research Article

Surface Modification of Glassy Carbon Electrode
by Ni-Cu Nanoparticles as a Competitive Electrode
for Ethanol Electro-Oxidation
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ABSTRACT: In the present study, Nickel-Copper nanoparticles were electrodeposited on Glassy
Carbon Electrode (GCE) by using electroplating deposition method. Prepared electrode
was characterized by Scanning Electron Microscopy (SEM) and elemental mapping analysis.
Results showed that Ni-Cu nanoparticles with a high density are distributed at the surface of a glassy
carbon electrode. Subsequently, this electrode was applied for ethanol electro-oxidation using Cyclic
Voltammetry (CV), ChronoAmperometry (CA) and Electrochemical Impedance Sectroscopy (EIS)
techniques. The results of voltammograms showed high catalytic activity, increased the oxidation peak
current density at the low potential for ethanol electro oxidation on Ni-Cu/GCE. Study of the electro-
oxidation mechanism by the effect of scan rate for ethanol on Ni-Cu /GCE indicated that the oxidation
process is controlled by diffusion processes. Chronoamperometric measurements illustrate that
Ni-Cu/GCE exhibits a steady state activity for ethanol electro-oxidation. EIS measurements showed
that the diameter of semi-circle for Ni-Cu/GCE is greatly smaller than the bare GCE. The modified
electrode is a good candidate as an anode for application in direct ethanol alkaline fuel cells.
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INTRODUCTION

Renewable energy sources systems based on the Fuel
Cell (FC) are an alternative energy system for stand-alone
applications [1]. Among the fuel cells, the advantage of
the Direct Alcohol Fuel Cells (DAFCs) operated at low
temperatures between other FCs. DAFCs are important
and able power source for portable electronic devices and
fuel cell wvehicles [1-4]. The liquid fuels
is used in DAFCs includes methanol, ethanol as
conventional sources of energy. Ethanol is less toxic
compared to methanol, and more usable hydrogen
as compared with methanol for application in the DAFCs [2-4].

This fuel (renewable energy source) is very easily
produced by many biomass sources and agricultural
wastes. Ethanol is extensively available and easy to
storage. [5-8]. The investigation of Direct Ethanol Fuel
Cells (DEFCs) have attracted many researchers and
they have carried out to evaluate anode catalysts for
DEFCs [7-10]. Ethanol Oxidation Reactions (EORs) presents
encountered problems for the development of DEFCs.
Higher performance electro catalysts lead to overcome
this problem [9-11]. The electro catalyst is a great
influence in improving the anode electrode for ethanol
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electro oxidation and lowering the cost. The type of
electrocatalyst materials has been an important role
as an anode in fuel cell efficiency [7, 8, 12]. Platinum (Pt)
has been a major and mandatory component for most
anode catalysts [12-14]. However, Pt is a costly noble
metal and quickly self-poisoned by adsorbed
intermediates [15, 16]. Therefore, Pt cannot be used
in the future, hence, researchers have decided to use
the alternative materials especially for next-generation fuel
cells like DEFC. Nickel (Ni) is cheaper than Pt and has
high electrocatalytic activity for oxidation of many fuels
(ethanol and methanol) in alkaline medium [5, 17, 18].
Hence, we explore that Ni-Cu catalyzed in EORs
is a promising field to apply for application in DEFCs.
Previous researches results show that the performance of
the ethanol electro oxidation could be significantly improved
in alkaline media by Ni as electrocatalyst [17, 18].
Mechanism of ethanol electro oxidation in alkaline
solution at Ni nanoparticles is as follow [17, 18]:

Ni+20H™ — Ni(OH), +2e” @
Ni(OH), — NiOOH + H"* +e~ )
Ni(OH), + OH™ — NiOOH + H,0 +¢~ 3)
RH,OH + NiOOH —> NiOOH (RCH,OH)_ @)
NiOOH (RCH,OH)_, +NiOOH — 5)

Ni(OH), + NiOOH(RCOH)_

NiOOH (RCHOH)_ . + NiOOH +OH™ — (6)

2Ni(OH), +RCOO™

Tian et al. [19] used nickel-copper as a catalyst for
the electro oxidation of ethanol. The Ni—Cu alloy nanowire
electrode exhibit excellent activity and stability toward
EOR for application in DEFCs. Shen et al. [8] studied
the synthesis of PdNi catalysts for the oxidation of
ethanol in alkaline direct ethanol fuel cells. Pd;Nis/C
catalyst has been successfully synthesized by the
simultaneous reduction method using NaBH, as reductant.
Their cyclic voltammetry and chronopotentiometry studies
showed that the Pd;Nis/C catalyst exhibits a high
catalytic activity for the electro oxidation of ethanol
in an alkaline medium [8]. Recently, electro deposition
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is a suitable and controllable alternative method to synthesize
metal nanoparticles such as Pt, Au, Pd, Ni and etc. Onto
graphen support and at most electrode surfaces for
the applicability as electro catalysis in DAFCs [5, 7, 20].

The surface of the glassy carbon electrode has a suitable
substrate and extraordinary properties for electro deposited of
metal nanoparticles [20-22]. The purpose of the present study
is the catalytic activity evaluation of Ni-Cu nanoparticles
(synergistic effect) at the surface of a glassy carbon electrode
for ethanol oxidation. The catalytic activity of Ni-Cu/GCE
was studied by electrochemical methods such as cyclic
voltammetry, chronoamperometry, and electrochemical
impedance spectroscopy.

EXPERIMENTAL SECTION
Chemicals and reagents

NiSO, (Merck), CuSO4(Merck), ethanol (Merck,
96% purity), KOH (Merck, 84% purity), HF(Merck,
37% purity) and HNOs(Merck, 69% purity) were used as
received. All other chemicals were of analytical grade
and used without further purification. Distilled water
was used throughout.

Preparation of Ni-Cu/glassy carbon electrode

The Ni—Cu nanoparticles were deposited on the glassy
carbon electrode by electroplating with a galvanic
deposition method. In first, the glassy carbon surface
electrode was mechanically polished and then chemically
etched by immersing in a mixture of volumetric 1:3:5
of HF: HNOs3:H;O. The Ni—Cu nanoparticles were
electrochemically deposited at the GCE surface from
NiSO; (10 mM), CuSOs (10mM) and KNa(CsH4Og)
(85 g/L). The deposition conditions were a current density
of 5 mA cm for 6 min under pH 3.0 and the temperature
is maintained at 27 °C.

Physical characterization

Morphology of the surface coating of the electrode
was characterized by a Scanning Electron Microscope
(SEM) (Model VEGAII, TESCAN) was employed with
an accelerating voltage of 15 kV.

Electrochemical experiments
Electrochemical techniques (CV, CA, EIS) were evaluated
with an EG&G PARSTAT 2273 advanced electrochemical
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Fig. 1: SEM images of bare GCE (a) and Ni-Cu/GCE (b) with
the same magnification.
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Fig. 2: SEM image of Ni-Cu/GCE.
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Fig. 3: Elemental mapping Image of the Ni and Cu on GCE.

systems. The electrochemical experiments were performed
in a three electrode cell arrangement. A platinum sheet
was used as the counter (auxiliary) electrode, while all
potentials were measured with respect to the Ag/AgCl
electrode. EIS measurements were done at the Open
Circuit Voltage (OCV). The Root Mean Square (RMS)
amplitude of modulation potential for the EIS measurements
was 10 mV, and the frequency range was from 10 kHz
to 50 mHz.

RESULTS AND DISCUSSION
Characterisation surface of electrodes’ morphology
Fig. 1 illustrates the SEM micrographs of bare GCE
and electrodeposited Ni-Cu nanoparticles at the surface of
GCE. It can be seen that the Ni-Cu nanoparticles with
a high density are distributed at the surface of GCE. Fig. 2
displays the morphology of the Ni-Cu nano particles
at the surface of GCE. One can clearly see that
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the product consists of uniform well defined platelet-like
particles with average lateral dimension size of 50-70 nm
and a thin thickness. Fig. 3 shows the elemental mapping
of Ni and Cu nanoparticles electrodeposited on bare
GCE, in order to investigated their localaized elemental
information  which shows elements of Ni and Cu
were well imobilized and almost uniformly distributed
on the surface of glacy carbon electrod.

Electro-oxidation of ethanol on Ni-Cu/GCE

The cyclic voltammetry method was used to identify
the electro-catalytic behavior of the electrode. Fig.4(A)
shows the cyclic voltammograms for Ni-Cu/GCE
in 0.2 M KOH (a) and presence of 1M ethanol (b) at a scan
rate of 20 m/Vs. It is observed from Fig. 4 (b) that
the presence of ethanol anodic peak occurring at a low
potential and increased the oxidation peak current
density.
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Table 1: Comparison of the proposed method with reported methods for the ethanol electro oxidation.

f Electrode Preparation method Region of potential (V) Ref. \
Ni hollow spheres (HS) electrode Chemical reduction -0.40 0 [18]
GCE modified with [Ni:Al-Cl] Chemical modified +0.60 +0.80 [23]
Ni/MWCNT/Ch/WGE +0.8 +1.20
Electro deposition method [24]
Ni/NA/MWCNT/Ch/WGE +0.6 +1
Ni—Cu nanowire electrode Electro chemical reduction -0.3 +0.3 [19]
K Ni-Cu-NPs/glassy carbon Electro deposition method 0 - +0.2 our worly
1.2
A B
1 A - (8)
1
14 ——3
12 08
T 10 Tt 06
o 8 ;
<
0.4
£ £
4 0.2
2 0
0
-2 -0.2
-0.1 0.1 0.3 05 0.7 0.9 11 0 0.1 0.2 0.3 0.4
E/V vs Ag/AgCI E/V vs Ag/AgCI

Fig. 4: (A) Cyclic voltammograms of Ni-Cu/GCE in 0.2 M KOH in the absence (a) and presence 1M ethanol (b) at 27 °C
in a saturated N2 atmosphere: scan rate: 20 mV/s. (B) Cyclic voltammograms of Ni/GCE in.2 M KOH and the presence of
1M ethanol at a scan rate of 20 mVS.

Fig. 4(B) shows the cyclic voltammogram for
Ni/GCE in 0.2 M KOH and presence of 1M ethanol
at a scan rate of 20 mV/s. The current density of ethanol
electro-oxidation on the Ni/GCE is less than that of
the Ni-Cu/GCE.

Comparison of the proposed method with reported
methods for the ethanol electro oxidation

The comparison between the electrochemical
characteristic of the Ni-Cu/GCE and some previously
reported methods for the ethanol electro oxidation
in Table 1. It was found that the proposed method
showed advantag of low oxidation potential than to most
methods.

Effect of scan rate

Fig. 5 shows the cyclic voltammograms of the ethanol
electro oxidation on Ni-Cu /GCE at different scan rates
(20-100 mV/s) in the presence of 0.2 M KOH + 1M

ethanol, the results of this test show that with increasing
scan rate the potentials of the anodic peak shift to more
positive potential value and with increasing in the electro-
catalytic oxidation peak current density. For investigating
the electro-catalytic reaction mechanism of ethanol
oxidation on Ni-Cu /GCE that the diagram of
peak current i, versus square root of sweep rate v/2
was plotted. As known in the precondition semi-infinite linear
diffusion, peak current i, was related to scanning rate
through the following equation [1, 25]:

ip = (2.99 x10°) n (an,) Y2 A Co Do*2 v 12,

Where ip is the peak current, v is the scan rate, n is
the number of electrons transferred, o is the coefficient
of electron transfer, C, is the bulk concentration of substrate,
D, is the diffusion coefficient, A is the electrode surface area.
If the concentration C, holds constant, the peak current iy is
linearly proportional to the square root of sweep rate v'2.
It is seen from Fig. 6 that the peak current i, is linearly
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Fig. 5: The cyclic voltammograms of ethanol on Ni-Cu/ GCE
in 0.2 M KOH + 1M ethanol at different scan rate.

This result indicates the ethanol electro oxidation reaction
on the Ni-Cu/GCE electrode is controlled by the diffusion
process [1, 25- 27].

Electrode stability

The electrochemical and physical stabilities of the
Ni-Cu/GCE towards ethanol electro oxidation was studied
by chronoamperometric measurement. Fig.7(A) shows
the chronoamperometric curves of 0.2 M KOH +1 M
ethanol solution on the GCE and Ni-Cu/GCE. It
was found that the current for Ni-Cu/GCE is reduced to
0.27 mA after 330 seconds, the current tended to a
constant value, which means the electrochemical
performance of the prepared electrode is stable during the
test time. Therefore Ni-Cu/GCE exhibits a steady state
activity for ethanol electro oxidation in alkaline solution.
Fig. 7(B) show cyclic voltammogran (@) and
chronocamperometry (b) of the ethanol electro oxidation on
Ni-Cu/GCE in 1 M ethanol solution. As explained in the
text, the electro-oxidation of ethanol is performed better
and more suitable in alkaline solution on the Ni-Cu/GCE.
So, in 1 M ethanol solution, we see a lower current
density and weaker stability.

Electrochemical
measurements
The impedance spectroscopy is an applicable
method for finding the properties of a surface modified
electrode [1, 16, 22, 28]. Fig. 8 illustrates the results
of impedance spectroscopy on the Ni-Cu/GCE and bare
GCE in a solution containing 0.2 M KOH +1 M ethanol

Impedance  Spectroscopy  (EIS)
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Fig. 6: The plot of ethanol -electro oxidation peak current on
the Ni-Cu/ GCE versus square root of scan rate v\,

at the Open Circuit Voltage (OCV). As seen, the diameter
of semi-circle for Ni-Cu/GCE is greatly smaller than
the bare GCE. Presence of Ni,Cu nano particles leads
to an increase in the rate of ethanol electro oxidation reaction.

CONCLUSIONS

Ni-Cu/glassy carbon electrode was successfully
fabricated by using electroplating deposition method and
characterized with scanning electron microscopy and
elemental mapping analysis. The results indicated that
Ni-Cu nanoparticles were homogeneously deposited
on the surface of a glassy carbon electrode. The catalytic
effect of the electrode for ethanol electro-oxidation
was studied using electrochemical methods such as cyclic
voltammetry, chronoamperometry, and electrochemical
impedance spectroscopy. The cyclic voltammetry
analysis of prepared Ni-Cu/GCE shows that anodic peak
occurring at a low potential and increased the oxidation
peak current density. The results of cyclic voltammograms
at different scan rates for Ni-Cu /GCE indicated that
ethanol electro oxidation reaction is controlled by the
diffusion process. Chronoamperometric measurements
illustrate that Ni-Cu/GCE exhibits a steady state activity
for ethanol electro-oxidation. The low diameter of the
capacitive arc was obtained that these particular
advantage of the Ni-Cu/GCE are due to the simultaneous
presence of Ni and Cu in the electrode composition.
This electrode can be used repeatedly and exhibits stable
electrocatalytic activity for ethanol electro oxidation.
The modified electrode is an effective anode for application
in direct ethanol alkaline fuel cells.
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Fig. 7: (A) Current-time curve for ethanol electro oxidation
on GCE (a) and Ni-Cu/GCE (b) in 0.2 M KOH+ 1M ethanol.
(B) Cyclic voltammogram (a) and chronoamperometry (b) of
the ethanol electro oxidation on Ni-Cu/GCE in 1 M ethanol
solution.
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Fig. 8: Impedance responses presented in Nyquist form for the
GCE and Ni-Cu/GCE, at OCV, in 0.2 M KOH + 1M ethanol at
27°C in a saturated N2 atmosphere.
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