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ABSTRACT: Ni(OH)2 has low production cost and high theoretical specific capacity, while on account of the poor electronic
conductivity, it shows inferior electrochemical performance including cycling stability and rate capability. This work focuses on a
composite material that is in situ grown Ni(OH)2 nanosheets on reduced graphene oxide (rGO), and employing the fewer-defect
rGO to build a three-dimensional conductive network provides outstanding conductivity. The specific capacitances (Cm) of the
Ni(OH)2/rGO (NHG) electrode are 2776 F·g−1 at 2 A·g−1 and even 1570 F·g−1 at 50 A·g−1, demonstrating remarkable rate
capability. It indicates that the combination of the nano grown Ni(OH)2 and rGO conductive substrate shortens the ion diffusion
path and increases the electron transfer rate; hence, the composite rate capability has been significantly improved. The composite
materials and active carbon were combined to be an asymmetric supercapacitor, which had a high energy density of 39.24 Wh·kg−1

at 1962 W·kg−1. After 10,000 cycles at 5 A·g−1, the capacity retains 91.4%.

KEYWORDS: Ni(OH)2, supercapacitor, rate capability, energy storage, defects

1. INTRODUCTION

Energy issues have severely restricted the development of
human society. Fossil fuel usage is not only unsustainable, but
it also seriously pollutes the environment and waste resources.
Most renewable energy is ultimately stored and utilized in
electric energy, which has led researchers to focus on
developing high-performance and environment-friendly
power storage devices. However, renewable energy has
volatility, such as uneven spatial distribution of wind energy
and uneven temporal distribution of solar energy. These
require energy storage devices to have excellent rapid charge
and discharge capability to cope with fluctuating energy supply.
The performance of the electrode could affect the performance
of the device to a large extent. Electrode materials can be
divided into double-layer materials, pseudocapacitance materi-
als, and battery-type materials by the mechanism of energy
storage. Among them, the electric double-layer material is
mainly based on physical adsorption and desorption during the
charging−discharging process, which usually has a better cycle
performance and smaller capacitance. Therefore, doping and
modification are often used to increase its electrochemical

performance.1,2 Common materials are mainly porous
carbon,3,4 graphene, and its derivatives.5 Pseudocapacitance
and battery-type materials store energy by redox reaction, and
the main difference between them is the solid-state diffusion
controlling the chemical process of battery-type materials.
Pseudocapacitance materials such as a conductive polymer,6

metal organic framework,7,8 and metal oxide9−11 store electric
charge based on fast Faradaic reactions that are not limited by
solid-state diffusion.12 The electrochemical reaction belongs to
psedocapacitance behavior regardless of the bulk size of the
materials. Typical examples of battery-type materials are
LiCoO2, Ni(OH)2, and TiO2. Such bulk battery materials
show a predominant capacitance. The bulk redox reactions
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were limited by mass transfer that leads to slow reaction
dynamics, and electrochemical behavior has relevance with the
bulk size of the material. A much bigger specific surface area of
battery-type materials can be acquired, with the development
of nanomaterials.13−15 Thus, the ion diffusion distance was
shortened obviously, so the bulk redox reaction is basically
changed to surface redox reaction. Most of the redox sites grow
on the interface of electrode−electrolyte and have more
scattering than in bulk materials,16−18 so the reaction dynamic
can be faster than in bulk materials, which leads to a capacitor-
like response of nanosize battery materials.19,20 As mentioned,
nanosize materials are so-called extrinsic pseudocapacitance
materials, which show battery-like behavior in bulk redox
reaction and capacitor-like behavior reducing the size to
nanoscales.
As a battery-type material, Ni(OH)2 is considered as a

valuable energy storage electrode material for its high
theoretical specific capacity, ease of acquisition,21 and stable
electrochemical behavior.22−24 However, pure Ni(OH)2 has a
low electrochemical rate capability, which places restrictions on
its further development in the energy storage scene.25,26

Nanomaterials and loading on high-conductivity substrates
are effective ways to improve rate capability. The electro-
chemical performance of the Ni(OH)2 electrode material
needs to be improved urgently due to the tremendous
limitation of solid-phase transfer mass in solid materials.27

The low solid-phase transfer rate results in bulk Ni(OH)2
being partly involved in reaction during high-rate charging and
discharging, so its capacity is significantly lower than that of
low-rate charging and discharging, which is the poor rate
capability.28 When the Ni(OH)2 is reduced to a nanoscale, the
ion diffusion path is significantly shortened and the electrode−
electrolyte reaction interface is enlarged,29 which effectively
improves the utilization ratio and rate capability of the active
material.30 At the same time, the addition of high conductive
substrates is a promising method of improving the conductivity
of the composite. Specifically, growing Ni(OH)2 on high-
conductivity materials to accelerate charge transfer can
significantly enhance electrode electrochemical performance.31

Benefiting from high electronic conductivity, high specific
surface area, a wide variety of sources, and stable electro-
chemical properties, carbon-based materials are often applied
to constructing three-dimensional conductive networks.32 The
graphene shows a two-dimensional sheet structure that creates
plenty of active sites and a high specific surface area, leading to
fast reaction kinetics, making it a suitable conductive substrate
for improving the conductivity of composite materials.33

Benefiting from the 3D conductive network formed by
graphene, electrons can be exported at a high speed, thereby
realizing an electrode material with high rate capability, when

Ni(OH)2 and graphene were combined to be a composition
material by in situ growth.
In recent years, such composite materials have been reported

by several studies. Li et al. synthesized N-enriched graphene
(NG) mixed with a Ni(OH)2 nanosheet hydrogel that featured
a Cm of 896 F·g−1 at 0.5 A·g−1 as well as 504 F·g−1 at 12 A·g−1

since the large specific surface area of NG improved electron
transfer, and the N-doped sites were strong bonding sites for
the metal hydroxide growth.34 Combining NiFe LDHs
(layered double hydroxides) with NF, Li et al. prepared a
new 3D composite material that displayed a Cm of 1462.5 F·g−1

at 5 A·g−1 and about 64.7% in retention of the initial capacity
after 2000 cycles with the rGO providing easy electron-transfer
access.35 Lai et al. synthesized a flower-like NHG electrode,
which had a high surface area and performed a Cm of 1670.4 F·
g−1 at a discharging current of 1 A·g−1.36 The Cm of composite
materials has been improved by these researches, but their rate
capability is still unsatisfying.
We have combined Ni(OH)2 with rGO to form NHG

composite materials in this work (as illustrated in Scheme 1)
for supercapacitor electrodes by a one-pot hydrothermal
method using two kinds of GO as precursors (denoted by
AGO and BGO). Among them, AGON, the composite
material prepared from AGO, has high conductivity, in
which the surface of AGO is evenly covered with Ni(OH)2.
Because of the high electronic conductivity of rGO, the
electron of composites can be exported quickly, and the proton
transfer rate can be raised by preparation of a nanosized
Ni(OH)2 sheet. The AGON performs a Cm of 2776 F·g−1 at 2
A·g−1 as well as 1570 F·g−1 at 5 A·g−1 in 6 M KOH solution.
The AGON and active carbon were combined to be an
asymmetric supercapacitor (ASC). When the power density is
1962 W·kg−1, the ASC stores a high energy density of 39.24
Wh·kg−1.
A preparation method of a high-performance composite

electrode material has been reported. The use of this electrode
material will effectively improve the electrochemical perform-
ance of the asymmetric capacitor. These high rate capability
and high capacity devices have not only practical significance in
the field of energy storage but also a reference value for more
complex systems such as photovoltaic-storage integrated
devices. At the same time, the relationship between the defects
of the substrate (rGO) of the composite and the electro-
chemical performance has been noticed. The changes of the
substrate in the process of preparing the composites and its
role in the composite should be paid more attention to in
further research.

Scheme 1. Schematic Illustration of NHG Composite Material Synthesisa

a(a) Dispersion of GO in deionized water by ultrasonic. (b) Generation of Ni(OH)2 on the surface of GO. (c) NHG composite obtained by the
hydrothermal method.
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2. EXPERIMENTAL SECTION
2.1. Synthesis of the Ni(OH)2/rGO Composite. AGO (0.1 g,

ALADDIN) or BGO (XFNANO) was evenly dispersed in 100 mL of
deionized water using an ultrasound probe sonicator for 180 min to
obtain a proper suspension at room temperature. A certain amount of
NiSO4·6H2O was dissolved in the suspension and left to stand for 60
min. Then, 20 mL of NaOH aqueous solution was added dropwise to
form Ni(OH)2 and GO suspension and held under blending for half
an hour. The mixture was placed in a 175 mL polytetrafluoroethylene-
lined stainless steel autoclave. Then we set them up for a
hydrothermal reaction at 180 °C for 6 h. When the prepared samples
were naturally cooled down, the sediment left was collected by
centrifugation. Before the pH value of the filtrate became neutral, the
samples were continuously washed with deionized water and absolute
ethanol. At the last part of the experiment, the prepared samples were
placed in a freeze-drying oven for 12 h and labeled as AGON and
BGON, respectively.
2.2. Electrode Fabrication. The active material (AGON, BGON,

or AC), PTFE, and acetylene black were prepared, weighed, and then
mixed in a mass ratio of 82.5:7:10.5 and dispersed with absolute
ethanol. The slurry was evenly spread on a nickel foam. The loaded
nickel foam was then subjected to a 10 MPa pressure. During 12 h at
60 °C in a vacuum, the electrode was finally successfully prepared.
2.3. Electrochemical Measurements. The electrochemical test

was completed in a standard three-electrode configuration, and the
reference electrode in this work was the Hg/HgO electrode. The
platinum foil and NHG composite material served as a counter
electrode and working electrode, respectively, and the electrolyte in
this work was 6 M KOH. The cyclic voltammetry (CV) tests were
performed on AGON and BGON. The scan speeds changed within
the 0−0.55 V potential range. The galvanostatic charging and
discharging (GCD) curves under various current densities were
measured between 0 and 0.5 V. Meanwhile, the formula of estimating
the specific capacitances (Cm) of the electrodes was given as below

= Δ
Δ

C
i t

Vm (1)

Based on the GCD curve, the constant current density (A·g−1) was
denoted by i, the entire discharge time (s) was denoted by Δt, and the
working potential window was denoted by ΔV. The EISs of AGON
and BGON were tested in the frequency range of 100 kHz to 0.01 Hz
at the open circuit potential (OCP). All the electrochemical
measurements were performed on an electrochemical workstation
(CHI660E, Chenhua).

2.4. Assembling of an Asymmetric Cell. An ASC was
assembled with AC, and AGON/BGON acted as the positive
electrode. The recorded results of the battery test equipment
(CT2001A, Land) reflected the cycle performance of the ASC.
According to the conservation of charge, the mass ratio of the active
material on the positive and negative electrode was calculated in eqs 1
and 2

=+ −q q

= × × Δq C m Vm

= Δ
Δ

+

−

−

+

m
m

t
t (2)

where Cmi represents the specific capacitances of individual electrodes
(F·g−1) and m+/m− represents the mass ratio of the positive and
negative electrode active material.

The equations that estimate the energy density (E) and power
density (P) of the ASC are shown in eqs 3 and 4

=
× ∫

E
I V t

m
d

(3)

=P
E
t (4)

where the constant discharge current (A) based on the GCD curve
was denoted by I, the galvanostatic discharge curve area was denoted
by ∫ Vdt,37 the total mass of active materials (kg) was denoted by m,
and the full discharge time (h) was denoted by t.

2.5. Characterization Methods. Scanning electron microscopy
(SEM, SU8100, HITACHI) and transmission electron microscopy
(TEM, HRTEM, F20, FEI) were used to analyze the morphology and
microstructure of the materials. With Cu Kα radiation at a scan rate of
5 °·min−1, powder X-ray diffraction (XRD, D8 Focus, Bruker) was
performed to measure the crystallographic information of the
materials. Raman spectra were recorded in a Via-Reflex spectrometer
(Renishaw). An ESCALAB 250 Xi system (Thermo Fisher) was used
to perform the X-ray photoelectron spectroscopy (XPS) measure-
ments utilizing monochromatic Al Kα X-ray. The actual loading of
nickel hydroxide was tested by a simultaneous thermal analyzer
(NETZSCH STA 449F3) under air conditions with a heating rate of
10 K·min−1. Specific surface area and pore size distribution were
measured by a Micromeritics ASAP2020 analyzer. The pore size

Figure 1. SEM, TEM, and HRTEM images of (a, b, g, h) AGON and (c, d, i, j) BGON at different magnifications. Elemental mapping of AGON
(e) and BGON (f).
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distribution curves were calculated by Barrett−Joyner−Halenda
(BJH) adsorption branches.

3. RESULTS AND DISCUSSION
The two kinds of composites prepared by the hydrothermal
method with NiSO4·6H2O as the nickel source and rGO as a
conductive carrier were observed by SEM. In the preparation
process, nickel ions are uniformly adsorbed on the surface of
GO precursors rich in some oxygen-containing functional
groups (OCFGs) as active sites by electrostatic action. Under
high temperature and pressure, the hydrothermal reaction
system has a strong Brownian motion, which leads to the
formation of Ni−O bonds and the appearance of sheet
structures. As shown in Figure 1, Ni(OH)2 sheets both in
AGON and BGON composites are well bonded with the
carbon frame, indicating that rGO can be used as a substrate
for in situ growth of Ni(OH)2 sheets. There are a sheet-like
distribution of Ni(OH)2 and a part of the exposed rGO on the
surface of AGON. Conversely, Ni(OH)2 nanosheets in BGON
are evenly distributed with a similar size and diameter of about
100 nm. The Ni(OH)2 particles on the surface of AGON are
piled one above another while that of BGON is more uniform.
The stack of Ni(OH)2 is much clearly observed in the TEM
image, as shown in Figure 1g,j. The stack of Ni(OH)2 particles
formed a shadow, and the drape part is rGO. The HRTEM
images of both materials show some clear lattice fringes with
an equal interplanar distance of about 0.23 nm corresponding
to (101) planes.
As a carbon-based 2D crystal, graphene has a single atomic

layer thickness, and the carbon atoms are tightly bonded in a
sp2 hybrid manner to form a honeycomb lattice network.38 As
a derivative of graphene,39 GO is based on a layer of graphite
oxide.40 Compared with the original graphene, on the one
hand, the OCFGs in GO can produce significant structural
defects, accompanied by some loss of conductivity.41 On the
other hand, these OCFGs can be employed as active sites for
chemical modification or functionalization to immobilize
various electroactive substances, providing potential advan-
tages for the application of GO in electrochemical systems. GO
can support active materials and promote electron transfer on
the electrode surface due to its favorable electron mobility and
abundant surface properties, such as single-atom thickness and
high specific surface area.42

The XRD patterns of AGO, BGO, AGON, and BGON are
shown in Figure 2a. The (002) crystal plane of the graphite
structure corresponds to the peak of AGO at 26.5°. Relevantly,
the expanding and shifting of the characteristic diffraction peak
of BGO are mainly due to more OCFGs and defects of the
carbon frame and enlarged lattice spacing. The diffraction
peaks of AGON and BGON at approximately 19.2, 33.0, 38.5,
52.0, 59.0, 62.7, 70.3, and 72.7° correspond, respectively, to
the (001), (100), (101), (102), (110), (111), (103), and
(201) planes of β-Ni(OH)2. Compared with the standard card
(JCPDS: 14-0117), it confirms that the Ni(OH)2 in
composites is a high-purity β-phase crystal, which is consistent
with the literature.43,44 The GO peak of BGON could be
masked by the high nickel hydroxide peak.
The content of defects and the degree of disorder in AGO

and BGO are characterized by Raman spectroscopy in Figure
2b above. The D and G bands of two GO precursors can be
reflected in two obvious peaks located at 1345 and 1587 cm−1.
Generally speaking, the D band is mainly caused by the sp3

hybridization carbon atoms or the defects, which are related to
the edge of the carbon frame and doping elements, whereas the
G band is related to the vibration of sp2 hybridization carbon
atoms on the hexagonal lattice of graphene.45−47 The ratio of
the area of the D and G bands (ID/IG) can theoretically be
used to determine the defect content of materials.29 The ratios
of ID/IG for AGO and BGO are 1.34 and 1.39, respectively,
implying a higher degree of disorder for BGO.
The full-survey scan XPS spectra of AGO and BGO are

shown in Figure 3a. Based on the C 1s peak, the intensity of
the O 1s peak for AGO is significantly lower while that of BGO
is the opposite. To characterize the difference of OCFGs on
the surface of AGO and BGO, XPS spectra with high
resolution are fitted. Figure 3b and Figure 3c show the C 1s
spectra of AGO and BGO with their fitting results,
respectively. Tables 1 and 2show the specific data. In terms
of C−C in GO precursors, the content of OCFGs in BGO is as
high as 58.8%, which is visibly higher than that in AGO
(28.76%). In general, rGO is composed of hexagonal carbon
networks with sp2 hybridization carbon for the most part and
sp3 hybridization carbon for a small part.48 For the ultrahigh
electronic conductivity, the conjugated structure of sp2

hybridization carbon atoms can effectively reduce the charge
accumulation and bring about the uniform charge distribution

Figure 2. (a) XRD patterns of AGO, BGO, AGON, and BGON. (b) Raman spectra of AGO and BGO.
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Figure 3. XPS spectra of AGO, BGO, AGON, and BGON: (a) survey scan. (b) C 1s of AGO. (c) C 1s of BGO. (d) Ni 2p of AGON and BGON.
(e) TGA curve and (f) N2 isotherm linear plot and pore size distribution (inset) of AGON and BGON.

Table 1. Deconvolution Result of the C 1s Spectrum of
AGO

peak position (eV) area (%) band

288.8 2.30 −COOH
287.4 5.73 CO
286.9 3.61 C−O−C
285.9 17.11 C−OH
284.8 71.24 C−C

Table 2. Deconvolution Result of the C 1s Spectrum of
BGO

peak position (eV) area (%) band

288.5 7.18 −COOH
288.1 0.92 CO
286.9 50.41 C−O−C
286.0 0.29 C−OH
284.8 40.15 C−C sp2

283.6 1.05 C−C sp3
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on the surface of composite materials. The sp3 hybridization
carbon atoms, which are covalently bonded to the OCFGs,
damage the original honeycomb structure and form defects,
resulting in a decrease in the conductivity of materials.49,50

According to existing research,51,52 the OCFGs on the surface
of GO precursors are usually employed as active sites during in
situ growth. After mixing the nickel ions in the solution with
GO precursors, the nickel ions rapidly adsorb on the surface of
GO precursors through the electrostatic interaction with
OCFGs. Then, the oxygen bridges are formed between nickel
atoms and oxygen atoms for in situ growth. The higher content
of OCFGs on the surface of BGO means that it can supply
more reaction sites to in situ growth of Ni(OH)2,

53,54 leading
to abundant crystal nuclei to obtain more evenly distributed
Ni(OH)2 sheets.
The Ni 2p high-resolution spectra for AGON and BGON

are similar, which is shown in Figure 3d. At 874.1 and 856.4
eV, there are two main peaks. Corresponding to Ni 2p1/2 and
Ni 2p3/2, the spin energy separation in the Ni 2p XPS spectrum
is 17.7 eV. The other two groups of peaks on the higher

binding energy side are related to their satellite peaks, which is
consistent with a previous report on the characteristics of
Ni(OH)2.

55

The results of TG are shown in Figure 3e, which is
calculated according to the fact that the end-products are NiO
only when the test is completed. The remaining AGON is
54.05 wt %, which means 67.01 wt % of Ni(OH)2 and 32.99 wt
% of rGO in the composite material. The remaining BGON is
62.37 wt %, which means 77.41 wt % of Ni(OH)2 and 22.59 wt
% of rGO in the composite material. The corresponding values
of BGON are 62.37, 77.41, and 22.59 wt %. There is more
Ni(OH)2 content in BGON, and the reason is that more
OCFGs helped BGON adsorb more Ni2+. Figure 3f shows the
N2 isothermal adsorption−desorption curve and pore size
distribution. The N2 isothermal adsorption−desorption curves
of the two materials are type II curves, indicating that the low
content of micropores of both two materials and the pore
structure is relatively underdeveloped. The BET surface areas
of AGON and BGON are 45.17 and 111.93 m2·g−1,

Figure 4. Electrochemical performance of the composite materials and ASC. CV of (a) AGON and (b) BGON at different scan rates. (c) Nyquist
plots with fitting data of AGON and BGON, and the inset is the related equivalent circuit. (d) GCD curves of AGON and BGON electrodes at 2
A·g−1. GCD curves of (e) AGON and (f) BGON at different discharge rates. (g) Rate capability of AGON and BGON. (h) Stability of the ASC.
Insets are the initial and last five cycles of GCD curves and the CV curve of the ASC.
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respectively. Within a pore width of 1−100 nm, the pore
volume of BGON is also larger than that of AGON.
Figure 4a,b shows a clear and full redox peak of the CV

curve at a low scan rate, which proves that the electrode
reaction is adequate. The electrode process can be explained
by the following equation:56

+ → + +− −OH Ni(OH) NiOOH H O e2 2

AGON has obvious redox peaks, indicating that the
electrons and ions have fast transport speeds.57 The well-
reversible charge−discharge process of the electrode and the
weak electrochemical polarization of the redox reaction lead to
the close position of redox peaks in the CV curve. The reason
is that the electrons can be exported quickly through the 3D
conductive network formed by rGO, which significantly
reduces the charge accumulation.58 Compared to the BGON
electrode, the redox peak of AGON is barely shifted during the
increase in scan rate. This means that the request of diffusion
rate can be met by the electrode material during the whole
process of the scan rate increasing, which proves that the
strategy of the composite electrode is effective.59 The CV curve
of AGON demonstrates a remarkably large enclosed area
compared to the BGON electrode, implying that the AGON
electrode has the larger capacitance.60 The peak current
increases dramatically as the scan rate rises, indicating that the
reaction is controlled by the diffusion process. When the
scanning rate is increased to 100 mV·s−1, the peak current
density does not change significantly, indicating that the rate
capability of BGON is relatively weak. The main reason is that
the conductivity is limited provided by multi-defect BGO as
the substrate. When the scanning rate increased to 100 mV·s−1,
its insufficient charge conduction capacity leads to charge
accumulation. The electron transfer can be facilitated, and
electrochemical performance of the composite material can be
improved by the 3D rGO conductive network.
Figure 4c shows the EIS curves and fitting circuit diagram of

the two kinds of electrode materials. The fitting results are
shown in Table 3. The electrolyte resistance, the intrinsic

resistance of the electrode material, and the interface contact
resistance are mainly included in Rs.

61 The resistance of CPE
and its corresponding nCPE value reflect the capacitance
characteristics of materials. When the value of nCPE is closer
to 1, the electrochemical performance of materials is closer to
an ideal capacitor. The lower CPE impedance of AGON
confirms that it has a larger capacity than BGON.57 The value
of nCPE is as high as 0.9, which means that the electrode
behavior of AGON is close to an ideal capacitor, which is
caused by the AGO as a frame for in situ growth of Ni(OH)2
having fewer defects, effectively enhancing the conductivity
and reducing the charge accumulation. The charge transfer
resistance (Rct) is reflected in the diameter of the semicircle in

the high frequency region. The Rct value of AGON is 0.64 Ω,
lower than BGON, which further proves that AGON has
better conductivity.62 According to XRD and EIS results, AGO
has more sp2 hybridization carbon atoms leading to excellent
conductivity, which makes a decrease in the impedance of
AGON and better electrochemical performance. Combined
with a larger specific surface area of BGON and images of SEM
and TEM, there should be a larger electrode−electrolyte
contact area of BGON, but its capacitance and rate capability
are the weaker ones. After electrochemical characterization and
analysis, it can be concluded that BGON has higher internal
resistance. Therefore, the low electron transmission efficiency
caused by more defects in the conductive substrate has become
an important factor affecting the electrochemical performance
of BGON.
The GCD curves of the two kinds of composites at 2 A·g−1

are shown in Figure 4d. The discharging curve of AGON
maintains a higher platform of about 0.33 V and lasts longer,
corresponding to the less voltage loss for its tiny internal
resistance consistent with the EIS analysis.
Figure 4e and Figure 4f show the GCD results of AGON

and BGON at different discharge rates, respectively. Both
AGON and BGON have visible discharge platforms as current
density increases, and the shapes of the discharge curve are
similar. Figure 4g exhibits that the Cm values of AGON
estimated from the GCD curve are up to 2776 F·g−1 at 2 A·g−1

and 1570 F·g−1 at 50 A·g−1 with a high capacity retention rate
of nearly 60%. On the contrary, the Cm values of BGON are
1748 F·g−1 at 2 A·g−1 and 480 F·g−1 at 50 A·g−1, and the
capacity retention rate was only 27.5%. Both composite
materials successfully constructed nanosized Ni(OH)2 sheets
and grew them on rGO. Because there are more defects in the
rGO of BGON, the corresponding composite materials cannot
form an optimally conductive network. Therefore, the BGON
electrode has larger internal resistance and lower capacity.
An ASC was assembled utilizing the AGON as the positive

electrode. The ASC stores an energy density of 39.24 Wh·kg−1

at 1962 W·kg−1. Figure 4h shows the cycle performance of the
ASC. The ASC shows a stable cycle performance and retains
91.4% of its initial capacity after 10,000 cycles. The CV curve
of the asymmetric capacitor is shown in the inset of Figure 4h,
which indicates that the device stores energy by redox reaction.
The insets in Figure 4h are the GCD curves of the ASC for

the initial and last five cycles. The curves are consistent and
symmetrical, indicating that the ASC has excellent charge−
discharge efficiency. The electrochemical polarization of the
ASC significantly was reduced, and the charge−discharge
platform was inconspicuous, benefiting from the excellent
electronic conductivity of the composite electrode. This work
shows better stability and rate capability than the results
previously reported, as shown in Table 4.

4. CONCLUSIONS
To summarize, two kinds of GO were used as substrates to
prepare the NHG composite materials by the hydrothermal
method. The results showed that the distribution of Ni(OH)2
in AGON that had better electronic conductivity was not as
homogeneous as that in BGON. The Cm of the AGON
electrode was up to 2776 F·g−1 at 2 A·g−1, which remained
1570 F·g−1 at 50 A·g−1. The AGON had a lower charge
transfer resistance proven by EIS analysis. Meanwhile, as a
result of the improvement of conductivity and the reduction of
internal resistance, the discharging platform of AGON is also

Table 3. EIS Parameters and Fitted Values of AGON and
BGON at OCP

fitting parameters AGON BGON

Rs (Ω) 0.83 0.60
CPE (Ω) 0.005 0.03
nCPE 0.90 0.74
Rct (Ω) 0.64 8.28
W (Ω) 1.54 8.81
n 0.43 0.45
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increased. Shortening the transport distance of protons in the
material, exposing more reaction sites, and enlarging the
electrode−electrolyte reaction interface are all advantages of
nanosized Ni(OH)2. By growing Ni(OH)2 in situ on the 3D
conductive network produced by rGO, the electron transfer
rate of the AGON composite can be significantly increased,
resulting in improved rate capability. BGON has more defects
in the carbon network and cannot export electrons effectively.
When the power density of the ASC was up to 1962 W·kg−1,
the ASC stored a high energy density of 39.24 Wh·kg−1. After
10,000 cycles, 91.4% of the initial capacity was preserved by
the ASC, demonstrating outstanding cycle performance.
These encouraging findings provide a basis for the

subsequent preparation of metal hydroxide/rGO composites,
pointing out a direction for the preparation of few-defect/
defect-free and highly conductive composites. Most of the
works focused on electrochemically active materials after
clarifying the role of graphene and its derivatives in
composites. Various functional groups on the surface of the
substrate material can guide the growth of the active material
and produce different distributions, and the substrate defects
will also produce different changes in different treatment
processes, thus affecting the properties of the composite.
Therefore, the physical and chemical properties and functions
of the substrate material should be paid more attention to.
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