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Electrochemical catalytic oxidation, a simple, green, novel and cost-effective approach to obtain
graphene oxide, is introduced for the preparation of graphene oxide nanosheet-modified electrode.
After reduced by the electrochemistry method, we can clearly see the graphene structure according to
the FE-SEM. Nickel hydroxide, a low cost, high theoretical capacitance, ready availability and green
supercapacitive material, is deposited into the reduced graphene oxide nanosheets without adding any
other binder or metallic current collector. The composite materials exhibit a specific capacitance of
1700 F/g at a charge and discharge current density of 5 A/g and 967 F/g at 20 A/g with excellent
cycling ability. Meanwhile, the electrode exhibits an excellent specific capacitance of 950 F/g at a
charge and discharge current density of 5 A/g after 500 cycle tests. These results suggest a novel
pathway to synthesize the graphene oxide for high-performance energy applications after being
reduced.
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1. INTRODUCTION

Over the past a few years, supercapacitors, which store energy by forming a double layer of
electrolyte ions and are not limited by the electrochemical charge transfer kinetics just as batteries [1],
have raised considerable attention as one of the most important types for next—generation energy
storage devices due to its high power performance, short charging discharging time, excellent cycling
stability, and low maintenance cost. There are two types of supercapacitors, electrical double-layer
capacitors and pseudo capacitors originated from quick Faradaic charge transfer reactions, which are
divided based primarily on their charge-storage mechanism [2,5]. Generally, electrical double-layer
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capacitors mainly depending on the carbon materials achieve relatively low specific capacitance [6]. In
this case, the specific capacitance or energy density of supercapacitor is too low to meet the ever-
growing need and to achieve their use of full-scale range [7]. Pseudo capacitors based on conducting
polymers and metal oxides can offer much higher specific capacitance than that of the electrical
double-layer capacitors. The emergence of the asymmetric supercapacitor, where fast and reversible
faradic processes occurs due to electro-active species [8], establishes on the concept between the
battery and capacitor which can promote the energy density to a higher level and also keep the
adventages such as the cycle life and power density of the supercapacitor well [9]. So Metal oxides,
polymers, and hydroxides as the active materials of typical pseudocapacitive have always been studied
[10-14].

Among various ‘pseudoactive’ materials, Ni(OH), is an promising candidate for high
performance supercapacitors because of its high specific capacitance and well-defined redox
transitions [15]. However, the poor conductivity of Ni(OH), limits the fast electron transfer
contributed to a high power density [16]. Fortunately, graphene, one emerging and extraordinary
carbon nanostructure, is a wonder material which brings new perspectives and prospects in many fields
with many superlatives such as high surface area and electrical conductivity [17,18]. And with these
properties the graphene can improve the fast electron transfer to a great extent especially as a
conductive additive into the Ni(OH); electrode [19]. In 2010, Dai et al. produced a highly conducting
graphene sheets oxidized lightly.

Electrocatalytic Oxidation
GNOs Electrode

Graphite Paper

Electrochemical

Reduction
Electrochemical Deposition
Ni(OH), /rGONs Electrode I Rod e

Scheme 1. Process of the Preparation of the Ni(OH), /rGONSs Electrode

And they were successful to grow Ni(OH), on graphene by a two-step method, which exhibited
a high specific capacitance of ~1335 F/g at a charge and discharge current density of 2.8 A/g [20].
They also pointed out that the degree of the oxidation of the graphene could play an important role in
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the pesudocapacitance and rate capability of the composite materials. Suitable oxygen-containing
functional groups on graphene sheet might be attributed to the pseudo capacitance of many metal
materials [21]. But higher oxygen content leads to the reduction of the conductivity of the electrode
material [22].

Graphite paper is a promising material for the application as the electrode with a sheet
thickness of 0.05 mm. As is mentioned in the above scheme, we present a novel method for the
preparation of graphene oxide nanosheet-modified electrode from the treatment of the graphite paper
by electrochemical catalytic oxidation.

2. EXPERIMENTAL SECTION

2.1. Preparation of graphene oxide nanosheets and reduced graphene oxide nanosheets

The graphite paper was bought from Beijing graphite factory. A potential of 10 V was applied
between the graphite paper (about 1*1 cm) for positive electrode and graphite electrode as cathode by
constant potential electrolysis in an aqueous Na,SO,4 (about 0.493 mol/L) solution. NaCl as the catalyst
was also added into the solution with the concentration 0.862 mol/L. The whole electrolytic process
lasted about 1 hour and we can get the modified GONs electrode. The GONs was reduced by cyclic
voltammetry (-1.5~0.5, 10 mV/s) in 0.2 mol/L phosphate buffered solution (pH=6.8) in a three-
electrode cell with the graphite and the calomel electrode (1 mol /L) as the counter and reference
electrode.

2.2. Preparation of the graphite/Ni(OH), and rGONs/Ni(OH), electrode

With the rGONs-modified electrode as working electrode, graphite as counter electrode, and an
1 mol /L calomel electrode as reference electrode, Ni(OH), nanoflakes were electrodeposited lasted
about 1000 s on the graphite paper and rGONs-modified electrode in Ni(NOj3), solution in the potential
of -0.7 V.

2.3. Structure characterization and electrochemical measurements

The morphologies of rGONs and rGONs/Ni(OH), nanoplates were characterized by FE-SEM (
SUB8010, Hitachi Limited in Japan). And the C/O atomic ratio of GONs is obtained by EDS. For

electrochemical measurements, CV and galvanostatic charge and discharge were carried out on an
Autolab electrochemistry workstation (AUT85048).

3. RESULTS AND DISCUSSION

By using constant potential electrolysis at anodic potentials (10 V in a aqueous solution
containing Na,SO,4 and NaCl as the catalyst) [23], The catalyst anion CI" is getting close to the anode
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under a strong electric field with the strong anion oxidant such as CIO™ generated, and in this process
the strong anion oxidant reacts with graphite to produce graphite oxide nanosheets(GONSs). We are
successful to obtain the GONs-modified electrode easily which avoids the trouble of the preparation of
electrode and enlarges the activated surface area of GONs-modified electrode as much as possible
[24]. The van der Waals force between graphitic sheets is weakened by the electrochemical catalytic
oxidation and GONs are thus formed. An electrochemical method was carried out to reduce the GONS.
The electrochemical reduced GONSs, referred to as rGONSs herein, was applied with cyclic voltammetry
in 0.2 M phosphate buffered solution [25]. To prepare Ni(OH), nanoflakes on graphite paper and
rGONSs-modified electrode, a potential of -0.7 V was applied in Ni(NO3), solution [26].
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Figure 1. EDS characterization (a), Raman (b) and CV (c, three cycles) of GONs, and EDS
characterization (d) of rGONs/Ni(OH),

As is shown in Figure 1(a), the GONs are investigated by EDS, which reveals that the
nanocomposite is mainly composed of C and O. And according to the EDS, the C/O atomic ratio of the
GONs is 3.8, which is higher than the graphene oxide produced by chemical method but it is
dramatically decreased compared to graphite. It reveals that the GONs have experienced a certain
degree of oxidation. Figure 1 (b) records the Raman spectral of the EGO and graphite. We can
clearly observe that the intensity ratio Ip / Ig of 0.55 was significantly lower than that of GO, which
means the EGO has low defect content. The CVs in Figure 1(c) reveal the reduction process of the
GON:s. In the first cycle, there is a mild reduction peak around -0.75 V attributed to electrochemical
reduction of GONs. As the potential cycling goes, the reduction peak disappears completely in the next
two cycles indicating the process is not reversible. Besides, the area of the CV curves increases with
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the reduction cycles under the same condition, which shows the rGONs has a better capacitance after
being reduced. EDS characterization of rGONs/Ni(OH); revealed in Figure 1(d) confirm that Ni(OH),
has been electrodeposited successfully. It also means the capacitance of the GONs turns bigger, which

shows the rGONSs has a better capacitance after being reduced. The specific capacitance C from the CV
can be calculated based on the following equation:

S
- 1
2mkV 1)

Where C is the specific capacitance (F/g), S is the area of the CV curves, m is the mass of
active material, k is the scan rates of the CV, and V is the potential window.
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Figure 2. SEM images of rGONs (a) and rGONs/Ni(OH); (b)
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Figure 3. CV curves of Ni(OH),/graphite composite(a) and Ni(OH),/rGONs composite(b) at various
scan rates in 1M KOH; Galvanostatic charge and discharge curves of Ni(OH)./graphite (c)and
Ni(OH)./rGONs composite (d); Average specific capacitance of Ni(OH),/graphite and
Ni(OH)./rGONs composite () at various discharge current densities.

The morphology of the rGONs and rGONs/Ni(OH), electrode is characterized by using SEM.
After the treatment of the electrochemical oxidation, there are clearly thin and large-sized graphitic
sheets generated on the electrode surface intrinsic to the graphene in Figure 2(a). Also in the Figure 2
(b) the image further illustrates the uniform growth of Ni(OH), on graphene sheets.

Figure 3 (a) and (b) show the CV curves of the graphite paper/Ni(OH), and rGONs/Ni(OH),
electrode at different scan rates. All the curves have a pair of redox peaks which suggest that the
specific capacitance of these composite is mainly contributed by pseudo capacitive capacitance [29].
On the other hand, these curves also show a well combination of both pseudocapacitive and double
electrode layer types of capacitance. The anodic peak observed around 0.45 V is attributed to the
oxidation process of Ni(OH), to NiOOH, whereas the cathodic peak around 0.2 V is related to the
reverse reduction process [30]. At the same time, the shapes of these CV curves have almost no
significant change meaning excellent electron conduction and small equivalent series resistance with
the increasing of the scan rates.

Figure 3 (c) and (d) show the constant current charge-discharge behavior of the
electrodeposited Ni(OH)2 on the graphite and rGONs. The specific capacitance of the

graphite/Ni(OH)2 and rGNOs/Ni(OH)2 can be calculated by the following equation:
IAt

mAV (2)

Here, I is the applied current density, At is the discharging time, m is the mass of Ni(OH)2
electrodeposited in the electrode, and AV represents the discharge voltage range.

According to Equation (2), the specific capacitance values of the rGNOs/Ni(OH), electrode
calculated from the galvanostatic charge and discharge curves were 1700, 1600, 1425 and 967 F/g at
the current densities of 5, 10, 15 and 20 A/g at a potential range of -0.1~0.5, respectively. The charge-
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discharge measurements with large current densities mean more precisely the performance of the
supercapacitor for an instant supply of power. And through the comparison of the specific capacitance,
we can see that the specific capacitance has greatly improved after the electrochemical treatment of the
graphite.
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Figure 4. The CV curves of the the rGNOs/Ni(OH), before and after 500 cycles at 5 mV/s (a). The
galvanostatic charge-discharge curves of the rGNOs/Ni(OH), before and after 500 cycles at 10
Alg(b).

As shown in figure 4, the CV and constant current charge-discharge cycling tests were used to
measure the difference of the rGNOs/Ni(OH), before and after 500 cycles. The repetitive
charge/discharge of 500 cycles is applied at a current density of 20 A/g, which induces degradation of
the electrode and results in some discharge specific capacitance loss due to the active materials falling
off. Figure 4(a) shows there is an obvious potential difference [31], which can be used as a measure of
the reversibility of the redox reaction and the relatively small value means better reversibility [32]. At
the same time, Figure 4(b) shows the galvanostatic charge-discharge curves of the rGONs/Ni(OH),
electrode before and after 500 cycles. We can clearly observe that the charge-discharge time is shorter
after 500 cycles, which means that the specific capacitance turns smaller.

4. CONCLUSIONS

In summary, graphene oxide nanosheets are successfully synthesized by the electrocatalytic
oxidation and can be reduced in situ by the electrochemical method in the present paper. The reduced
graphene nanosheets modified electrode after being anchored by Ni(OH), exhibits a high specific
capacitance of 1700 F/g at a charge and discharge current density of 5 A/g and 967 F/g at 20 A/g. At
the same time, we avoid the process of the electrode preparation without the addition of binder. The
structure is used as the current collector to greatly improve the electric conductivity compared with the
ordinary current collector. This study opens up a new pathway to achieve the promising energy and
power densities as electrode material of supercapacitors.
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