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Graphene-based nanocomposites attract many attentions because of holding promise for many applications. In this work,
multishelled NiO hollow spheres decorated by graphene nanosheets nanocomposite are successfully fabricated. The multishelled
NiO microspheres are uniformly distributed on the surface of graphene, which is helpful for preventing aggregation of as-
reduced graphene sheets. Furthermore, the NiO/graphene nanocomposite shows much higher electrochemical performance with
a reversible capacity of 261.5mAh g−1 at a current density of 200mAg−1 after 100 cycles tripled compared with that of pristine
multishelled NiO hollow spheres, implying the potential application in modern science and technology.

1. Introduction

With the rapid development of the global economy, fast
depletion of nonrenewable energy, and the increasing envi-
ronmental problems, it is urgent to develop new clean and
sustainable sources and technologies for energy storage and
conversion with high efficiency [1–3]. Rechargeable lithium-
ion batteries (LIBs) are a promising one for the upcoming
demand such as electric vehicles and grid storage systems
because of their high energy density, long lifespan, and
environmental benignancy.

As one of the special structures of carbon, graphene has
initiated enormous scientific activities, with the honeycomb
lattice structure, unique structural features of chemical sta-
bility, high surface area, flexibility, and superior electric and
thermal conductivity. It has been used as ideal building blocks
for energy storage systems with improved electrochemical
properties compared with these host materials, such asmetal,
metal oxide, and sulfide [4, 5]. To further explore the potential
application of graphene-based nanomaterials, deriving from

the decoration of graphene nanosheets (GNS) with nano-
materials attracts more and more interest. So far, several
graphene-based nanocomposites have been successfully fab-
ricated and show desirable combinations of properties that
are not found in individual components [6, 7].

Nickel oxide (NiO) is one of prospective anode materials
in li-ion battery (LIB), which possesses the advantages of high
theoretical capacity (717mAh g−1), high natural abundance,
nontoxicity, low cost, and environmental benignity [8–11].
However, the practical utilization of NiO is still limited owing
to its poor cycling and rate performances of the NiO-based
LIBs. Several strategies have been undertaken to enhance
the performance of NiO electrode materials. One well-
establishedmethod is constructing hybrid withGNS. Various
structures of NiO/GNS, such as porous NiO-wrapped GNS
[12], 3D-hierarchical NiO/GNS [13], and graphene anchored
with nickel nanoparticles [14], have been prepared, revealing
that the NiO/GNS nanocomposite reinforces the properties
of pristine NiO which favors their wide application in LIBs.
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Figure 1: Illustration of the procedures for preparation of NiO/graphene hierarchical structure.

In this work, we report the solvothermal method for the
synthesis ofmultishelledNiOhollow spheres/GNSnanocom-
posite, in which the multishelled NiO hollow spheres are
wrapped by GNS.This hybrid architecture is found to display
much improved electrochemical properties by comparison to
that of pristine multishelled NiO hollow microspheres.

2. Experimental

The composite was prepared by the solvothermal method.
3mL graphite oxide (6mol L−1) was ultrasonically dispersed
in 30mL of deionized water and then 1 g of Ni(NO)

3

⋅6H
2

O
and 1 g of D-glucose were added, adjusting the pH to 10.90
with NH

3

⋅H
2

O, using a pH meter and magnetic stirrer to
form a homogeneous solution at room temperature. The
solution was then transferred into a Teflon-lined stainless
steel autoclave (50mL), sealed, and heated at 150∘C for
15 h. The product was collected by centrifugation, washed
with deionized water several times to remove impurity, and
then dried at 60∘C in vacuum. Finally, the NiO/graphene
was obtained by calcining the precursor in N

2

at 300∘C
for 2 h and then in air at 500∘C for 2 h. For comparison,
the multishelled NiO spheres were prepared by a similar
solution-based method and subsequent calcination with the
absence of graphene oxide (GO).

The crystallographic structures, morphology, and micro-
structure of the as-prepared products were characterized by
Bruker D8 Focus X-ray powder diffractometer with using
Cu K

𝛼

(𝜆 = 1.5406 Å) radiation over a range of 2𝜃 from
20∘ to 90∘, FEI Quanta 200F microscope field emission
scanning electron microscope (FESEM), and Tecnai G2 F20
Field emission transmission electronmicroscopy (TEM)with
accelerating voltage of 200 kV. Raman measurements were
recorded on Laser Confocal Micro-Raman Spectroscopy
(LabRAM Aramis).

Electrochemical measurements were conducted using a
CR-2032-coin type cell configuration. The electrode mate-
rials are a slurry consisting of 80wt% of electrode mate-
rials, 10 wt% of acetylene black (Super-P), and 10wt% of
polyvinylidene fluoride (PVDF) dissolved in N-methyl-2-
pyrrolidinone.They were coated onto a copper foil and dried
at 100∘C in vacuum for 12 h before pressing. Lithium foil
was used as the counter and reference electrodes and the
polypropylene foil (Celgard 2400) was used as the separator.
The electrolyte was 1M LiPF

6

dissolved in a mixture of
ethylene carbonate (EC) and dimethyl carbonate (DMC) (v/v
= 1 : 1). Galvanostatic discharge-charge (GDC) experiments
were carried out at different current densities in the voltage

range of 0.01–3.00V with a multichannel battery tester
(Maccor, Inc., USA). Cycling and rate performances were
measured by the electrochemical workstation (LANDbattery
test system).

3. Results and Discussion

A schematic illustration of the fabrication process of NiO/
graphene composite is shown in Figure 1. Graphite oxide
(GO) was sonicated in di-water to form a homogeneous
suspension. Then, the GO nanosheets absorb Ni2+ ions,
which react with OH− to grow Ni(OH)

2

architectures on GO
nanosheets. Here, OH− were released by NH

3

⋅H
2

O, which
can also control themorphology of theNi(OH)

2

architectures.
The formation of Ni(OH)

2

fromNi2+ ions and NH
3

⋅H
2

O can
be expressed by the following reactions:

Ni2+ + 𝑥NH
3

⋅H
2

O 󳨀→ [Ni (NH
3

)

𝑥

]

2+

+ 6H
2

O (1)

[Ni (NH
3

)

𝑥

]

2+

󳨀→ Ni2+ + 𝑥 (NH
3

)
(2)

NH
3

⋅H
2

O 󳨀→ NH
4

+

+OH− (3)

Ni2+ + 2OH− 󳨀→ Ni (OH)
2

(4)

During the calcination, Ni(OH)
2

decomposed to yield
multishelled NiO hollow spheres following Ni(OH)

2

→

NiO + H
2

O, and GO nanosheets reduced to graphene by
losing oxygen-containing surface groups [15, 16]. So the
Ni(OH)

2

/GO precursor converted to NiO/GNS composites
after annealing.The pristinemultishelledNiO hollow spheres
would be obtained without GO during the similar reaction
process, which were discussed in our previous paper [17].

The XRD patterns of NiO and NiO/GNS composite are
shown in Figure 2(a). All of the diffraction peaks of pure NiO
sample can be ascribed to face centered cubic NiO (JCPDS
number 071-1179), which correspond to (111), (200), (220),
(311), and (222) planes, respectively. All the characteristic
peaks of pureNiO are also observed forNiO/GNS composite.
(002) diffraction peak of GNS is typically located at about
24∘ in the XRD pattern, but it is not obvious in Figure 2(a).
Because the content of graphene is low and the diffraction
of disorderedly stacked GNS is quite weaker as compared
to the well-crystalline NiO, the presence of graphene can be
confirmed in the Raman spectra of NiO/GNS, as shown in
Figure 2(b), where the G characteristic peaks of graphene are
obvious, though the D peak located at ∼1350 cm−1 is invisible.

The morphology of pristine NiO and NiO/GNS compos-
ite is compared by SEM and TEM. Pure NiO is composed of
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Figure 2: (a) X-ray diffraction patterns and (b) Raman spectra for pristine NiO and NiO/graphene composite.
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Figure 3: SEM images of pristine multishelled NiO spheres (a), NiO/graphene (b), TEM images of NiO/graphene (c), and HRTEM pattern
of multishelled NiO spheres (d).

multishelled spheres as shown in Figure 3(a). The NiO/GNS
are composed of typical rippled and crumpled GNS and
multishelled NiO spheres (Figure 3(b)). It can be clearly
seen that the multishelled NiO microspheres with diameter
varying from 2.0 𝜇m to 3.5 𝜇m are uniformly distributed on

the surface of GNS. The hybrid architecture can effectively
prevent the agglomeration of as-reduced GNS. The inset
of Figure 3(b) is the multishelled NiO sphere on the GNS
which demonstrates that the multishelled NiO spheres do
not change after the addition of graphene. Figure 3(c) shows
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Figure 4: (a) Capacity retention and Coulombic efficiency at a current density of 200mAg−1. (b) Rate performance at various current
densities between 100mAg−1 and 1A g−1.

the TEM image of NiO/GNS which further confirms the
multishelled sphere feature of NiO. The HRTEM pattern
of multishelled NiO sphere is presented in Figure 3(d).
The lattice spacing of 0.15, 0.2, and 0.24 nm is observed,
corresponding to the interspaces of (220), (200) and (111), and
(200) planes of cubic NiO.

The electrochemical properties of NiO/GNS composite
were evaluated as anode for lithium-ion batteries (LIBs).
Figure 4 displays the cycling and rate performances of
NiO/GNS composite and pristine NiO. The initial discharge
capacities are ∼1100mAh g−1 as shown in Figure 4(a). It
is much higher than the theoretical value (718mAh g−1),
mainly attributed to the solid electrolyte interphase (SEI)
film formation, and the additional Li+ storage in the space
between NiO spheres and GNS. The reversible capacity of
NiO spheres decreases to 77.1mAh g−1 after 100 cycles. While
the reversible capacity of NiO/GNS composite still can retain
261.5mAh g−1 after 100 cycles, which ismore than three times
of pristine NiO sphere. The columbic efficiencies increase to
and almost keep stable in the scale of 98-99% at successive
cycles, indicating that the formed SEI film is favorable and
stable [18]. The enhanced cycling performance of NiO/GNS
composite should be ascribed to the addition of graphene
and the hybrid architecture. Firstly, the GNS have much
better conductivity due to the wider layer spacing compared
with NiO. The 𝑑-spacing of GNS was found to be 0.365 nm,
and the maximum 𝑑-spacing of NiO is 0.24 nm ((111) lattice
plane) [19]. Therefore, the GNS can offer additional sites for
accommodation of Li+ leading to the enhanced reversible
capacity. Secondly, the flexible GNS can accommodate the
volume change and prevent the aggregation of active materi-
als upon cycling. Thirdly, the hybrid architecture can also be
helpful for preventing aggregating or restacking of as-reduced
GNS.

Moreover, the NiO/GNS composites also exhibit
enhanced rate capacity compared with pristine NiO spheres,
as presented in Figure 4(b). The discharge capacities
of NiO/GNS at 100mAg−1, 200mAg−1, 400mAg−1,
800mAg−1, and 1 A g−1 are 292.3mAh g−1 (10th cycle),
225.9mAh g−1 (20th cycle), 187.3mAh g−1 (30th cycle),
169.3mAh g−1 (40th cycle), and 166.5mAh g−1 (50th cycle),
respectively. In the initial 10 cycles with a small current
density (100mAg−1), the capacities of pristine NiO and
NiO/GNS composite are comparable, and the pristine NiO
is even a little better than NiO/GNS composite, which may
be caused by the lower capacity of graphene as compared to
NiO [18]. However, the situation reverses when the current
density increases. The enhanced rate capacity could be
reasonably attributed to advantageous combination of the
highly conductive GNS and the favorable multishelled NiO
hollow spheres architecture with large specific surface area
and open inner cavity, which can facilitate the rapid diffusion
of lithium ions from electrolyte to active material.

As shown in Figure 4(b), the capacity dropped dramati-
cally from ∼1100mAh g−1 to a little more than 300mAh g−1
during the first five cycles with a small current density
(100mAg−1). Generally, the capacity lost in the first several
cycles can be attributed to the irreversible reactions involved
in the formation of the SEI layer. In addition, the formation
and stabilization of the SEI layer are a gradual process,
so that stable capacity also requires a process, which has
been described in many works [20, 21]. It is also probably
caused by large theoretical capacity difference between NiO
(717mAh g−1) and graphene (372mAh g−1). During the first
several cycles, the synergy effect between NiO and graphene
does not play well during the lithiation and delithiation
process; therefore, the NiO and graphene do not serve well in
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terms of improving and stabilizing capacity. So the dropped
capacity is due to the formation of SEI layer and the capacity
difference in the first several cycles.

The NiO/GNS composite demonstrates improved elec-
trochemical performance, which could be due to several
reasons. Firstly, the wider GNS can offer additional sites for
the accommodation of Li+ compared with NiO. Moreover,
the well-contact GNS and multishelled NiO hollow spheres
can facilitate the continuous and rapid conducting pass way
of Li+, which are beneficial for enhancing specific capacity
and rate performance of the active materials. Secondly, GNS
are anticipated to prevent the collapse and aggregation of the
active materials upon cycling, which brings about excellent
cycling stability. Vice versa, the hybrid architecture can also
be helpful for preventing aggregating ofGNS [12].Thirdly, the
large specific surface area and open inner cavity of GNS and
the favorable multishelled NiO hollow spheres architecture
can provide sufficient electrode/electrolyte contact areas and
facilitate the continuous and rapid electron transport through
the electrodes, resulting in the improved rate performance.

4. Conclusions

In summary, we have successfully fabricated NiO/GNS com-
posite, in which the multishelled NiO microspheres are
uniformly distributed on the surface of GNS. The composite
shows much enhanced cycling stability and capacity com-
pared with the pristine multishelled NiO hollow spheres,
when evaluated as the anode materials in LIBs. The superior
performance in LIBs originates from the addition of GNS
and the sandwich-like architecture, which can facilitate the
continuous and rapid electron transport and prevent the
collapse of nanostructures and aggregation of the active
materials. The strategies described here could offer an effec-
tive method to improve the electrochemical performance of
other electrode materials with large volume changes and low
electrical conductivities.
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