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The combination of active materials with electrically conductive carbon materials and their contact efficiency are crucial

for improving electrochemical performances of active materials. Here, nickel silicate (NiSiOx) nanoplates are planted in situ

on the surface of reduced graphene oxide (RGO) nanosheets to form a two dimensional face-to-face nanocomposite of

NiSiOx/RGO for lithium storage. Face-to-face structure enhances the contact efficiency of NiSiOx with RGO, and thus leads

to a higher reversible capacity and better rate performance of NiSiOx/RGO nanocomposite than those of both carbon

nanotube (CNT)@NiSiOx nanocable and NiSiOx. The layered NiSiOx/RGO nanocomposite exhibits a high reversible specific
capacity of 797 mA h/g, which is 62% and 806% higher than those of CNT@NiSiOx nanocable and NiSiOx alone,

respectively.

Introduction

Lithium ion batteries (LIBs) are among the most important
power sources for portable electronic devices such as mobile
phones, laptops, pads and digital cameras™” because of their
long cycle life, high reversible capacity, high operating voltage,
high energy density, and no memory effect.*” Nano-structured
silicon and silicates have attracted lots of attention on many

. . 8-11 . 12-15
applications such as energy storage, adsorption,

. 16-18 19, 20 . .
molecular sieve and catalysts due to their rich source,
low cost, easy preparation, porous structure and
environmentally benign. More importantly, the unique

structure of layered silicates allows for the transfer of ions in
the interlayer space and makes them possible candidates as
anode materials for LIBs. However, the major disadvantage of
metal silicates is their poor conductivity.21 Yang et al.
synthesized Ni3Si,O5(OH), multi-walled nanotubes as anode
materials for LIBs. The reduced nanotubes at 180 °C showed
the first cycle discharge capacity of 1650 mA h/g and the
discharge capacity of 308.5 mA h/g after 20 cycles at a low
current density of 20 mA/g.22 Later, Yang et al. fabricated
flower-like nickel oxide/nickel silicate nanocomposites as
anode materials for LIBs, which exhibited the first cycle
discharge capacity of 1440 mA h/g and the reversible capacity
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of 126 mA h/g after 50 cycles at a current density of 20
mA/g.23 The large irreversible capacities and fast capacity
fading are probably due to the poor electrical conductivity of
silicates and the large volume and structural change during the
charge/discharge process. At present, there are few studies on
silicate-based materials for LIBs, it is thus interesting to
combine layered silicates with electrically conductive materials
to improve their electrical conductivity and structural stability.

Electrically conductive carbon materials have been used to
enhance electrochemical performances of active materials > 2%
31 zero-dimensional (OD) carbon nanoparticles were reported
to construct an elastic and conductive shell to enhance cycle
stability of Fe;0, and sn.>** We introduced amorphous
carbon into the interlayer and on the surface of zinc silicates
by carbonizing glucose. The interlayer space could be tuned by
varying the amount of carbon precursor, and the reversible
specific capacity was increased by 96% from 232 mA h/g of
zinc silicate to 455 mA h/g of zinc silicate with intercalated
carbon.”* One-dimensional (1D) carbon nanotubes (CNT) or
nanofibers also served as conductive cable to enhance
reversible capacity and structure stability of Fe,03;, Sn and
SnO,(.M'37 We reported CNT@layered nickel silicate
(CNT@NiSiOx) coaxial nanocables with a reversible specific
capacity of 489 mA h/g at a current density of 50 mA/g, which
is much higher than that of nickel silicate nanotube.®® The
dimensionality is crucial to the contact efficiency of active
with carbon materials. Considering the two-
(2D) feature of layered siIicates,13’39'42 2D
conductive material is preferred to form a face-to-face
contact. lons and electrons could be easily and quickly
transferred between the two components, leading to high
rate performance. In

materials
dimensional
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contrast, the face-to-point contact between 2D layered
silicates and OD amorphous carbon nanoparticle shell (or
conductive carbon black) and the face-to-line contact between
2D layered silicates and 1D carbon nanotube (or nanofiber)
may degrade the intrinsic capability of layered silicates.

Graphene has become a potential electrode material due to
its high specific surface area, large surface-to-volume ratio,
excellent electrical conductivity, good chemical properties and
excellent erxibiIity.43'46 It is worth mentioning that lithium ions
can be stored on the edges, defects, and disorders of graphene
sheets.”’ Many researchers focused on combining graphene
with metal oxide based materials to improve the
electrochemical performance of LIBs.”*%2 we reported a face-
to-face a-Fe,03/reduced graphene oxide (RGO) nanocomposite
by oxygen bridges, exhibiting a high reversible capacity and
excellent rate performance than a-Fe,0; alone.” It is really an
efficient way to combine 2D layered silicate with graphene for
improving their electrical conductivity, reversible capacity and
cycling performance of LIBs.

Herein, a face-to-face structure of layered nickel silicate
(NiSiOx)/RGO is designed to grow NiSiOx nanoplates on RGO
using a mild hydrothermal process. Both NiSiOx and RGO serve
as hosts for lithium NiSiOx nanoplates are well
distributed onto RGO nanosheets to prevent the restacking of
RGO, while RGO acts as a soft matrix to support the volume
change resulted from the intercalation/deintercalation of
lithium ions during the charge/discharge process. Moreover,
the high conductivity of RGO reduces the interfacial resistance
and improves the specific capacity. The resulting NiSiOx/RGO
nanocomposite exhibits an excellent cycling performance with
a high reversible specific capacity of 797 mA h/g after 50 cycles,
and it also shows good rate performances at various current
densities. The reversible capacity of  NiSiOx/RGO
nanocomposite is 1.6 times that of CNT@NiSiOx at the same
current density.38 The better electrochemical performance of
the 2D fact-to-face structure than the face-to-line structure
reveals the importance of nanocomposite design for LIB
anodes.

ions.

Experimental section

Materials

Graphite was purchased from Huadong Graphite Factory
(China) with an average diameter of 13 um. Sulfuric acid
(H,S0,, 98%), hydrochloric acid (HCI, 37%), hydrogen peroxide
(H,0,), ammonium hydroxide (NH3-H,0, 28%), nickel chloride
(NiCl,-6H,0), ammonia chloride (NH,Cl) and tetraethyl
orthosilicate (TEOS) were bought from Beijing Chemical
Factory (Beijing, China). Amorphous fumed silica was provided
by Alfa Aesar China Co., Ltd. All chemicals are of analytical
grade and were used without further purification.

Synthesis of NiSiOx/RGO layered nanocomposite

Graphite oxide was prepared by a modified Hummers method
and silica/RGO was fabricated using a reported approach.15
NiSiOx/RGO nanocomposite was then prepared by a

2| J. Name., 2012, 00, 1-3

hydrothermal process: 50 mg silica/RGO was dispersed in 20
mL deionized water by ultrasonication as suspension A; 178.3
mg nickel chloride, 530.5 mg ammonia chloride and 1 mL
ammonium hydroxide were dissolved in 30 mL deionized
water as solution B. Suspension A and solution B were mixed
and the mixture was transferred to an autoclave and
maintained at 90 °C for 10 h. The resulting product was
collected by centrifugation, washed with deionized water for
several times, and dried in an oven at 60 °C for 12 h. For
comparison, graphene oxide (GO) was treated with a similar
hydrothermal method to get RGO. Layered NiSiOx was also

synthesized with amorphous fumed silica, instead of
silica/RGO, under the same condition.

Characterization

NiSiOX/RGO nanocomposite, RGO and NiSiOx were

characterized with a Thermo VG RSCAKAB 250X high resolution
X-ray photoelectron spectroscopy (XPS), a Nicolet Nexus 670
Fourier-transform infrared spectroscopy (FT-IR) and a
RenishawinVia Raman microscopy (Britain). X-ray diffraction
(XRD) measurement was carried out with a Rigaku D/Max 2500
diffractometer with Cu Ka radiation (A=1.54 A) at a generator
voltage of 40 kV and a generator current of 40 mA. The
morphology and microstructure of the nanocomposite were
observed with a Zeiss Supra 55 field-emission scanning
electron microscope (SEM) and a JEOL JEM-3010 transmission
electron microscope (TEM). Thermogravimetric analysis (TGA)
measurements were conducted using a TA Instruments Q50
thermogravimetric analyzer at a heating rate of 10 °C/min in
air atmosphere.

Electrochemical Measurements

Electrochemical performances of NiSiOx/RGO nanocomposite,
NiSiOx and RGO were evaluated using coin-type cells
assembled in an argon-filled glove box. The working electrode
consisting of 70 wt% active material (NiSiOx/RGO, NiSiOx or
RGO), 20 wt% super-P as conductive agent, and 10 wt%
poly(vinylidenefluoride) was fabricated by casting the slurry
onto a Ni foam. The size of the circular electrode discs is 14
mm in diameter, and the mass loading is approximately 1.0
mg/cmz. The coin cells were assembled using lithium foil as the
counter electrode, mesoporous polyethylene/polypropylene
membrane as the separator, and the electrolyte was 1 M LiPFg
dissolved in a mixture of ethylene carbonate, dimethyl
carbonate, and diethyl carbonate with a mass ratio of 1:1:1
(Tianjin Jinniu Power Source Materials Co., Ltd.). Cyclic
voltammograms (CV) and electrochemical impedance
spectroscopy (EIS) were recorded on a Metrohm Autolab
PGSTAT 302N electrochemical workstation. CV measurements
were conducted at a scanning rate of 0.1 mV/s within the
voltage range of 0.01-3.0 V. For EIS measurement, the AC
modulation amplitude is 10 mV and the applied frequency
range is from 10 kHz to 0.1 Hz. The cycling performance and
rate capacity of the assembled cells were carried out on Land
CT 2001A electrochemical workstation at the current densities
of 50-1000 mA/g and the voltage range from 0.01 to 3.0 V (vs.
Li*/Li).

This journal is © The Royal Society of Chemistry 20xx
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NiSiOx/RGO nanocomposite is synthesized by a two-step ?M ;—J\'@_\
approach using silica as the hard template and the am s
intermediate product. Firstly, TEOS hydrolyzes in the presence ‘E SIDZG0 s “'“ g_ﬂ@gg/\
of ammonium hydroxide and generates silica on the surface of *_E W g ;
GO nanosheets by connecting with the functional groups of GO. ;\/_—_M Jj&/\
Secondly, by adding ammonium hydroxide and ammonium T [ 10/1G=0.85
chloride to adjust the pH value of the suspension, silica m’“’m e R o N TR

gradually dissolves and reacts with nickel ions to form NiSiOx
nanosheets that are covalently bonded onto GO during the
hydrothermal treatment at a fairly mild temperature below
the boiling point of water. Simultaneously, GO is reduced to
RGO, which exhibits a better electrical conductivity than GO,
and NiSiOx/RGO nanocomposite is thus obtained.

Figure 1la shows the XRD patterns of NiSiOx and
NiSiOx/RGO nanocomposite. All the peaks at 19.4°, 24.6°
35.9° and 60.7° can be indexed to Ni3Si,Os(OH), (JCPDS No. 20-
0791), with no impurities observed. Neat GO exhibits a sharp
peak at around 12° (Figure S1), and it shows a smooth surface
with micron scale lateral size (Figures S2 and S3). The
hydrolysis of TEOS in the presence of GO leads to the
formation of numerous silica nanoparticles that are
homogeneously distributed on GO (Figure 1b). By the
hydrothermal treatment, NiSiOx nanoplates are formed in situ
from silica nanoparticles and decorated tightly on RGO
nanosheet (Figure 1c). Such nanoplates efficiently prevent the
restacking of RGO nanosheets and maintain a high specific
surface area of NiSiOx/RGO nanocomposite. Furthermore,
RGO nanosheets buffer the volume change and keep the
structure of the nanocomposite stable during the
charge/discharge process. The homogeneous distribution of
the NiSiOx nanoplates is also observed (Figure 1d), and their
lamellar structure with an average interlayer spacing of 0.75
nm is clearly revealed in Figure 1e, which agrees well with the
crystal structure information of NiSiOx (Figure 1f). Such a large
interlayer space would benefit the
intercalation/deintercalation of lithium ions and thus improve
lithium ions storage performance.
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Figure 1. a) XRD patterns of NiSiOx and NiSiOx/RGO; SEM images of b) Si0,/RGO and c)
NiSiOx/RGO; d) TEM and e) HRTEM images, and f) selected area electron diffraction
pattern of NiSiOx/RGO.
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Figure 2. a) FT-IR spectra of GO, RGO, SiO,/RGO, NiSiOx and NiSiOx/RGO; b) Raman
spectra of RGO, SiO,/RGO and NiSiOx/RGO.

To reflect the structural and composition changes of the
nanocomposites, Figure 2a shows FT-IR spectra of GO, RGO,
Si0,/RGO, NiSiOx and NiSiOx/RGO. For GO, the peak at 3427
cm™ is attributed to the stretching vibration of -OH, or caused
by adsorbed water. The peak at 1728 cm™ corresponds to C=0
stretching vibration in the ketone/carboxyl groups, and the
peaks of GO and RGO at 1627 cm™ relate to the C=C stretching
vibration.>**” For Si0,/RGO, the strong and broad adsorption
peak at 1084 cm™ is associated with the anti-symmetric
stretching vibration of Si-O-Si, and the peaks at 966 and 797
cm™ correspond to the stretching vibration of Si-OH and the
symmetric Si-O-Si network stretching vibration, respectively.
The peak at 460 cm™ is attributed to the symmetric stretching
vibration of Si-0.5%%! These peaks demonstrate the formation
of silica network on RGO nanosheets during the sol-gel
process.15 > After the hydrothermal treatment, a new peak at
1014 cm™ can be identified as the formation of Si-O-Ni bond,
and that at 666 cm™ corresponds to the vibration of Ni-O in
NiSiOx.”® A new peak at 3626 cm™is attributed to the vibration
of Ni-OH.%%®* Similar peaks are also observed in NiSiOx/RGO,
confirming the successful formation of NiSiOx/RGO
nanocomposite.

To investigate the structural change during the preparation
process, Figure 2b shows Raman spectra of RGO, SiO,/RGO
and NiSiOx/RGO nanocomposites. For carbon based material,
D band at 1340 cm™ is related to the structure defects, while G
band at 1590 cm™ is associated with the first-order scattering
of the E,; mode of sp2 carbon domains. Ip/lg ratio is widely
used as a representative of the graphitization degree of carbon
materials.®® The Io/lg ratio increases from 0.86 for RGO to 0.9
for SiO,/RGO, and further to 1.01 for NiSiOx/RGO, indicating
the destruction of carbon domains due to the combination of
NiSiOx with RGO and suggesting that the structural defects are
introduced to RGO nanosheets after the hydrothermal
process. These defects and disorders could provide more
storage sites for lithium jons.%® %7

Based on TGA results of NiSiOx/RGO nanocomposite and
NiSiOx (Figure 3a), the content of NiSiOx is ~79.4 wt% in
NiSiOx/RGO and it is stable in a wide temperature range. The
mass loss may result from the loss of hydrated water in the
silicate layers. XPS is used to study the composition change of
the nanocomposites before and after the hydrothermal
process. The presence of carbon, oxygen, silicon, nickel
elements are proved by XPS survey scan spectra of GO,

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | sacle3a
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Si0,/RGO, NiSiOx and NiSiOx/RGO (Figure 3b). Reduction of
GO is reflected in its C 1s XPS spectra (Figure 3c). The peak at
286.5 eV corresponds to epoxide/ether group, which
decreases obviously from GO to NiSiOx/RGO, indicating the
gradual reduction of GO to RGO during the preparation
process.ls’ *"In the Si 2p XPS spectra (Figure 3d), the peaks at
102.1, 103.0 and 103.9 eV are related to Ni-O3-Si, C-O5-Si and
0-Si-0, respectively. The presence of C-O3-Si bond in SiO,/RGO
and NiSiOx/RGO indicates the formation of silica network and
the covalent bonding between GO and silica.t> 3%’ Compared
to SiO,/RGO, 0O-Si-O bond decreases in NiSiOx/RGO and Ni-Os-
Si bond increases, confirming the conversion of SiO, to NiSiOx.
The results of FI-IR, Raman, XRD and XPS spectra along with
TEM observation confirm the
NiSiOx/RGO nanocomposite.

Figure 4 shows the electrochemical behavior of RGO,
NiSiOx and NiSiOx/RGO. The first cycle discharge capacities of
NiSiOx (Figure 4a) and RGO (Figure 4b) are 835 and 1296 mA
h/g and the reversible capacities after 50 cycles decrease to 88
and 480 mA h/g, respectively. Thus, the charge capacity
retentions of NiSiOx and RGO are as low as 20 % and 65 %,
respectively. Interestingly, the first cycle discharge capacity of
NiSiOx/RGO is 1237 mA h/g (Figure 4c), 48% higher than that
of NiSiOx and similar to that of RGO. Its reversible capacity is
still retained at 797 mA h/g after 50 cycles, nearly the same as
the first charge capacity. Such a high reversible capacity is 9
times that of NiSiOx, and 66 % higher than that of RGO.
Because RGO content is just 20.6 wt%, the reversible capacity
of the nanocomposite should mainly result from NiSiOx
component. It is confirmed that the enhanced reversible
capacity is higher than reported in literature on silicate based
nanomaterials for LIBs (Table 1).21'23‘ 38,6870
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Figure 4. The charge/discharge curves of a) NiSiOx, b) RGO and c) NiSiOx/RGO for 1%,
5™ 10", 20", 30™, 40" and 50" cycle at a current density of 50 mA/g; d) cycling
performances of NiSiOx/RGO, NiSiOx and RGO at the current density of 50 mA/g, and
Coulombic efficiency of NiSiOx/RGO within a voltage window of 0.01-3.0 V (vs. Li*/Li).

The first cycle Columbic efficiency of NiSiOx/RGO is 59.4 %
(Figure 4d), which is due to the irreversible process of forming
SEl film. The formation of SEI film is a double-edged sword. On
one hand, it consumes the lithium ions and leads to a large
irreversible specific capacity in the first charge/discharge cycle;
on the other hand, it forms a protecting layer on the surface of
electrode material and prevents further consumption of the
material. The charge and discharge capacities of both NiSiOx
and RGO fall off quickly with the charge/discharge cycles, while
the charge capacity of NiSiOx/RGO maintains highly stable with
all charge/discharge curves almost overlay with each other
except for the first cycle, revealing excellent cycle stability and

1004 a) b) high lithium ions storage capacity of NiSiOx/RGO during the
NiSiOx/RGO . . . . . . .
NiSiOx ' lithium ion intercalation/deintercalation process. Importantly,
i - ] . .
3‘, NS i m___‘__«_ the sheet-on-sheet structure of NiSiOx/RGO still retains after
~— i . . .
g e r| I the 50 charge/discharge cycles (Figure S4). Such excellent
= Si02/RGO s o i, N i
£ H i g structure stability would benefit the electrochemical
=" 407 £ | sio2iRGO H<¥H H i
3 =" 0 Auger 6 2 performance of NiSiOx/RGO and thus improves its cycle
Sizs g .
201 o - stability and rate performance.
o] —_‘\q—l_ Table 1. Specific capacities of silicate nanostructures in literatures.
200 400 s'ue a:w 1000 800 600 400 200 0
. 0l
Temperature (°C) Binding Energy (eV) Samples Morphology Current density 50" charge capacity Ref.
A Ah
s C) Si?p- - d) — (mA/g) (m. Zg)
—cc — Ni-03-Si Ni3Si,05(0OH)4 nanotube 20 309 22
= —
= == MISIONRGO 3 NISIO/RGO Ni3Si,0s(OH)a/NiO nanoflower 20 126 23
s o )
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2 2| — ni-o3si
g SI02RGO % Ot NiSiOx CNT@NiSiOx nanocable 50 489 38
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Zn,SiO nanorod 50 388" 68
Z E E Go ) Si02/RGO 2 ,
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9 Eneray (V) NiSiOx/RGO nanosheet 50 797 This work

Figure 3. a) TG curves and b) survey scans spectra of GO, SiO,/RGO, NiSiOx and
NiSiOx/RGO; c) C 1s XPS spectra of GO, SiO,/RGO and NiSiOx/RGO; d) Si 2p XPS
spectra of SiO,/RGO, NiSiOx and NiSiOx/RGO.
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In the CV curves, the broad peak at around 0.50 V for both
NiSiOx (Figure 5a) and NiSiOx/RGO (Figure 5b) corresponds to
the formation of SEI film; and it diminishes and almost
disappears in subsequent cycles, proving the SEI film formation
is an irreversible process. In the second cycle, new peaks
appeared at 1.56 V for NiSiOx and NiSiOx/RGO may be due to
the insertion of lithium ions into NiSiOx nanoplates and thus
the formation of Li,(Ni3Si205(OH)4.22 The second and third cycle
CV curves of NiSiOx are slightly different while those of
NiSiOx/RGO are almost the same, confirming the excellent
electrochemical reaction reversibility. Figure 5c shows the
reversible charge capacities of NiSiOx/RGO, NiSiOx and RGO at
various rates of 50-1000 mA/g. NiSiOx/RGO exhibits superior
rate performance than NiSiOx and RGO. The reversible specific
capacities of NiSiOx/RGO at current densities of 100, 200 and
500 mA/g are 656, 601 and 534 mA h/g, respectively. Even at
the current density of 1000 mA/g, the reversible specific
capacity of NiSiOx/RGO is still retained at 484 mA h/g, which is
2.3 times that of RGO. However, there is nearly no capacity
observed for NiSiOx alone. When the current density returns
to 50 mA/g after all cycles, the reversible capacity of
NiSiOx/RGO reaches 787 mA h/g, even higher than the initial
specific capacity, which may be owing to the activation of the
electrode material after the cycles.”'73 After the rate
performance test (60 cycles), we proceed its long cycling rate
performance test at current densities of 500, 1000, 2000 and
4000 mA/g for 200 cycles in total, and the reversible specific
capacities of NiSiOx/RGO are 640, 570, 432 and 301 mA h/g,
respectively (Figure S5). The results indicate that even after
260 cycles at various densities, NiSiOx/RGO nanocomposite
still retains excellent reversible specific capacity and cycling
stability. Figure 5d shows EIS curves of NiSiOx/RGO and NiSiOx,
which show semicircle shapes in the high frequency region and
inclined lines in the low frequency region. The diameter of the
semicircle is related to the SEI film resistance and the electron
transfer resistance of the electrode/electrolyte interface. The
slope of the inclined line represents the diffusion resistance of
lithium ions in the electrode material. NiSiOx/RGO shows a
smaller semicircle diameter than neat NiSiOx and reported
CNT@NIiSiOx, meaning a lower charge transfer resistance;
NiSiOx/RGO also reveals the highest slope value of the inclined
line, represents a faster lithium ion diffusion rate and smaller
variation of diffusion path (Figure SG).”’75

All these results demonstrate the synergistic effect of
NiSiOx and RGO. RGO is used to construct a conductive
network and acts as the supporting matrix for NiSiOx.
Compared to reported face-to-line or face-to-point modes, the
face-to-face structure with higher contact efficiency effectively
improves the electrical conductivity of the nanocomposite and
thus benefits the fast mass transfer of electron and lithium
ions between RGO and NiSiOx. The first cycle discharge specific
capacity of NiSiOx/RGO is ~1.2 times that of CNT@NiSiOx, and
even after 50 cycles at the current density of 50 mA/g, the
reversible capacity of the former is 1.6 times that of the latter.
The 2D face-to-face structure makes NiSiOx and RGO exhibit a
large contact surface area and thus more effectively connects
NiSiOx and RGO with each other to construct a shorter lithium

ions diffusion path between them than 1D face-to-line
structure, which improves the transfer performance of
electrons and lithium ions in NiSiOx/RGO nanocomposite. In
addition, the larger interlayer space of RGO than that of
MWCNT is more beneficial for the intercalation of lithium ions
and more suitable as the buffer to sustain the volume and
structural change during the charge/discharge cycles.
Therefore, NiSiOx/RGO nanocomposite exhibits not only a
better cycling stability performance but also an enhanced rate
performance than CNT@NiSiOx. The reversible specific
capacity of NiSiOx/RGO nanocomposite at a current density of
1000 mA/g is also 210% higher that of CNT@NiSiOx nanocable,
which again confirms the advantage of 2D face-to-face
NiSiOx/RGO nanocomposite in enhancing the fast diffusion
and transfer of electrons and lithium ions to get a better
electrochemical performance.

In summary, the reasons for the good lithium ions storage
performance of NiSiOx/RGO nanocomposite, especially its
excellent cycling and rate performance, are as follows: First,
the face-to-face structure of NiSiOx/RGO enlarges the effective
contact surface area and shortens the diffusion routes of
ions, which is in favor of the
improvement of lithium ion storage performance. Second,

electrons and lithium
RGO provides a conductive network to improve the electrical
conductivity of the nanocomposite and contribute to a fast
ions. Third, RGO acts as the
supporting material for NiSiOx to sustain the volume and
change during the intercalation/deintercalation
process and thus enhance the structural stability during the

transfer of electrons and

structural

charge/discharge process. In addition to the main active
material of NiSiOx, RGO provides additional active site to store
lithium
nanocomposite.

ions for increasing the specific capacity of the
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Figure 5. The cyclic voltammograms curves of a) NiSiOx and b) NiSiOx/RGO for
1% 2™ 3 cycle at a scan rate of 0.1 mVs™ from 0.01 to 3.0 V; c) reversible
charge capacities of NiSiOx/RGO, NiSiOx and RGO at various rates of 50-1000
mA/g; d) Nyquist plots of the NiSiOx/RGO and NiSiOx.
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Conclusion

Layered nanocomposite of NiSiOx/RGO with covalent bonding
between NiSiOx and RGO is prepared by growth of NiSiOx
nanoplates onto RGO nanosheets using a mild hydrothermal
method. NiSiOx nanoplates are well dispersed on RGO
nanosheets in a face-to-face manner to prevent the restacking
of RGO, while RGO provides a conductive network to improve
the electrical conductivity and acts as a matrix to sustain the
volume change during the intercalation/deintercalation of
lithium ions. Moreover, NiSiOx/RGO nanocomposite exhibits a
synergistic effect between NiSiOx and RGO for lithium ions
storage performance. The 2D face-to-face structure of
NiSiOx/RGO increases effective contact area between active
materials and electrolyte, shortens the diffusion pathway of
lithium ions, and facilitates electrons and lithium ions transfer,
leading to higher reversible specific capacity, excellent cycling
stability and better rate performance than those of NiSiOx and
RGO. Even after 50 cycles, the reversible capacity of
NiSiOx/RGO nanocomposite is as high as 797 mA h/g, ~9 times
that of NiSiOx and 66 % higher than that of RGO. All the results
indicate that constructing a 2D face-to-face structure with
conductive materials is an effective approach to improve the
electrochemical properties of 2D energy storage materials,
such as sodium storage and supercapacitor.
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The synthesized two dimensional face-to-face nanocomposite of
Nickel silicate (NiSiOx)/reduced graphene oxide (RGO) for
lithium storage exhibits a high reversible specific capacity of 797
mA h/g, 806% higher than that of NiSiOx.
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