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Graphene-based Cr,0; composites are prepared and exhibit better electrochemical proper-
ties than free Cr,03 particles without the graphene. The synthesis procedure consists of the
direct growth of CrOOH on the surface of graphene and the subsequent thermal decompo-
sition of CrOOH to Cr,0s. Moreover, the electrochemical properties of graphene-based

Cr,05 are further improved through carbon coating, and two strategies are developed. Inter-
estingly, the carbon layers pyrolyzed from glucose on CrOOH can separate the particles on
the graphene and limit their growth, while those on Cr,0; merely cover the particles and
cannot prevent particle aggregation. Consequently, compared to the latter carbon-coated

composite, the former shows further improved electrochemical behavior.

© 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Li-ion batteries (LIBs) have been widely used in portable elec-
tronic devices (e.g., laptops) due to their superior properties
such as high energy density, long cycle life, no memory effect
and environmental friendliness. Reversible Li-storage in sev-
eral metals and metal oxides has been intensively studied
in order to achieve high-capacity anode materials for LIBs
[1,2]. The theoretical specific capacities of metal oxides (e.g.,
Co304, Sn0,) are usually 700-1000 mA h g™!, much higher than
that of the conventional graphite anode (~370 mA h g™) [3,4].
Notwithstanding, the synthesis and applications of Cr,03 for
LIBs are hardly investigated, even though Cr,0s3 is one of the
promising potential anode materials due to its high theoreti-
cal capacity (~1058 mA h g*) and relative low electromotive
force value (1.085 V) [5,6]. On the other hand, like other metal
oxide anodes, Cr,05 is lack of practical use due to its low elec-
trical conductivity and severe volume change during cycles,
which result in a rapid capacity fading and the end of the
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cycle life [7,8]. Several strategies have been developed to
alleviate the volume change and increase the conductivity
of the electrode, including the preparation of nanoscale mate-
rials (e.g., Cr,0; nanoparticles) [9], hollow or mesoporous
materials (e.g., mesoporous Cr,05) [10,11], and carbon-based
composites (e.g., carbon-coated Cr,05) [12,13].Recently, a no-
vel two-dimensional carbon matrix (i.e., graphene) has at-
tracted tremendous attention and is preferable to replace
other carbon matrices (e.g., graphite) for supporting metal
and metal oxides due to its excellent properties such as high
electrical conductivities, unique mechanical properties and
large specific surface areas [14,15]. The properties of active
materials can be improved considerably through the synergis-
tic effects of graphene and active materials [16,17]. For in-
stance, graphene-based metal oxides wusually exhibit
excellent electrochemical performances as electrode materi-
als for LIBs because the graphene substrate may enhance
the electronic conductivity of the overall electrode and buffer
the strain from the volume variation of metal oxides during
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lithiation and delithiation processes [18-21]. Therefore,
graphene-based Cr,O; can be expected to show enhanced
performance for various applications such as gas sensors,
LIBs, catalysts and magnetic materials [11,22,23]. Herein, we
describe a novel strategy for the preparation of graphene-
based Cr,03 composites through a hydrothermal method fol-
lowed by a subsequent thermal treatment. The overall syn-
thesis procedure is illustrated in Fig. 1. First, the 2D
graphene-based intermediate product (G-CrOOH) was formed
under hydrothermal condition using Cr(NOs); as the precur-
sor, and urea as the precipitant. Subsequently, the graph-
ene-based Cr,0; (G-Cr,0s) was formed after calcination
under N, protection. Compared to free Cr,053 particles without
the graphene, the nanoscale Cr,03 particles decorated on the
graphene surface exhibited higher reversible capacity, better
cycle performance and rate capability.

It is also important to note that the particles on the graph-
ene surface are still prone to disintegrate, and the graphene-
metal oxide hybrids may randomly aggregate, leading to a de-
creased electrochemical performance. To overcome these
drawbacks, the graphene-based metal oxides are further con-
fined within a carbon layer through the carbonization of glu-
cose or phenol [24,25]. The resulting 2D sandwich-like
structure may protect the particles on the graphene against
disintegration and buffer the strain induced by the volume
expansion during cycles. Moreover, the carbon shells can also
keep the overall electrode highly conductive and active in Li
storage, but the aggregation of particles on the graphene is
still inevitable [24,25]. Herein, the as-synthesized graphene-
based Cr,0; were further coated by carbon layers pyrolyzed
from glucose, and along that approach, two strategies were
developed (Fig. 1). Unlike graphene-based SnO, or TiO, previ-
ously reported [26-29], graphene-based Cr,0O; cannot be di-
rectly formed using the hydrothermal method. Therefore,
the carbon source (i.e., glucose) can be first attached to either
G-CrOOH or G-Cr,05 under hydrothermal condition and then
carbonized by heat treatment in an inert atmosphere. The
resulting carbon-coated products (G-Cr,03-C1 or G-Cr,05-C2)
showed enhanced electrochemical performance in compari-
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Fig. 1 - Illustration of the synthesis routes for G-Cr,03, G-
Cr203-C1 and G-Cr203-C2.

son with G-Cr,03; due to the additional carbon layer protec-
tion. Furthermore, the Cr,O; particles in G-Cr,O3-Cl were
highly dispersed by carbon shells, while the particles includ-
ing the aggregation were coated by carbon layers in G-Cr,03-
C2. Apparently, G-Cr,03-C1 showed further improved perfor-
mance in terms of the reversible capacity and cycling stability
than G-Cr,05-C2.

2, Experimental
2.1. Sample preparation

Graphene oxide (GO) was synthesized from natural graphite
powders by a modified Hummer’s method (see Supporting
Information for details) [30]. The graphene-based Cr,03; com-
posites were synthesized by a hydrothermal method followed
by a subsequent thermal treatment. In brief, 0.20g of
Cr(NOs)39H,0 was firstly added into 80 mL of GO dispersion
solution (0.5 g L™%), and after stirring for 0.5 h, 0.14 g of urea
was added into the above solution. After stirring for another
0.5 h, this solution was transferred into the 100 mL Teflon
lined stainless steel autoclaves and heated at 120 °C for 5 h.
The resulting G-CrOOH was collected by centrifugation,
washed with water, and dried at 40 °C in vacuum. Subse-
quently, the black powder was further heated under N, pro-
tection at 650 °C for 2 h to obtain G-Cr,0s. In addition, free
Cr,0; particles without graphene (denoted as F-Cr,03) was
also prepared by calcination of G-Cr,03 at 800 °C for 2 h in air.

The carbon-coated graphene-Cr,0; composites were syn-
thesized through the carbonization of glucose on the surface
of graphene-based Cr,0s3. In brief, the obtained G-CrOOH or G-
Cr,03 was dispersed in 80 mL of distilled water by ultrasoni-
cation for 20 min, and then 0.30 g of glucose was added into
the above solution. After stirring for 0.5 h, this solution was
transferred into the 100 mL Teflon lined stainless steel auto-
claves and heated at 160 °C for 10 h. The precipitate was col-
lected by centrifugation, washed with water, dried in vacuum,
and then heated under N, protection at 650 °C for 2 h to ob-
tain G-Cr,03-C1 or G-Cr,03-C2.

2.2.  Sample characterization

Specimens were initially characterized using X-ray diffraction
(XRD) on a Phillips X’pert Pro MPD diffractometer with Cu K,
radiation. The Fourier transform infrared (FT-IR) spectra were
recorded on a Nicolet-380 Fourier transform infrared spec-
trometer in the range of 4004000 cm™. X-ray photoelectron
(XPS) spectra were recorded on a Shimadzu Axis Ultra spec-
trometer with an Mg K, =1253.6 eV excitation source. The
thermogravimetric analysis (TGA) was performed on a NET-
ZSCH STA 409 PC/PG thermal analyzer and carried out in air
at a heating rate of 5°C/min. Further characterization was
performed by using transmission electron microscopy
(TEM), high-resolution TEM (HRTEM) on a JEOL JEM-2011 elec-
tron microscope operated at 200 kV, scanning electron micro-
scope (SEM) on a JEOL Ltd. JSM-6700F electron microscope at
an accelerating voltage of 1kV. Energy-dispersive X-ray
microanalysis (EDX) attached in electron microscope was
used to qualitatively determine the present elements.
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2.3. Electrochemical measurements

For electrochemical characterization, the composite elec-
trodes were fabricated by mixing the synthesized samples,
acetylene black and polyvinylidene difluoride (PVDF) dis-
solved in N-methyl-2-pyrrolidine (NMP) in a weight ratio of
70:15:15. The mixed slurry was pressed onto a copper foil
and dried at 110 °C in vacuum for 24 h. Cell assembly was car-
ried out in an Ar-filled glove box. The electrolyte was 1 M solu-
tion of LiPFg in EC:DEC:DMC with volume ratio 1:1:1.
Electrochemical performances were measured with a
CR2032-type coin cell with Li metal as the negative electrode.
The galvanostatic charge-discharge performance was mea-
sured with a LAND test system at room temperature, and
the voltage range was from 0.01 to 3.0V (versus Li/Li*), with
a constant current of 0.1-1C (1 C=1058 mA g™). Cyclic vol-
tammetry (CV) tests were performed between 0.01 and 3.0V
with a scan rate of 0.2mVs™!, and the electrochemical
impedance spectroscopy (EIS) was carried out in the fre-
quency range from 100 kHz to 10 MHz on a Princeton PAR-
STAT 4000 electrochemical station.

3. Results and discussion

3.1. Structure and morphology

The crystalline phases of Cr-containing composites were
firstly identified by XRD. Fig. S1 shows the XRD pattern of G-
CrOOH. Only four weak and broad peaks could be distin-
guished in the XRD pattern, and indexed to the rhombohedral
HCrO, structure (space group R-3m, a=0.2977 nm, and
c¢=1.3362nm) [31], indicating the formation of amorphous-
like CrOOH on the graphene. Moreover, the feature diffraction
peak for GO at ca. 11° disappears in the XRD patterns of G-
CrOOH, implying that GO was possibly reduced to graphene.
Fig. 2 shows the XRD patterns of F-Cr,03;, G-Cr;03, G-Cry03-
C1 and G-Cry03-C2. The feature diffraction peaks in each
XRD pattern corresponded to the (012), (104), (110), (113),
(024), (116), (214) and (300) planes of rhombohedral Cr,03
(space group R-3c, a = 0.4957 nm, and ¢ = 1.3592 nm), deducing
that amorphous CrOOH had been completely converted to
crystalline Cr,0; under thermal treatment. Moreover, the
GO peak was also absent in the XRD pattern of G-Cr,0; and
the conventional stacking peak of graphene nanosheets at
ca. 26° could be appreciably detected, proving the formation

of graphene-based Cr,0s. The average size of Cr,03; nanopar-
ticles calculated from XRD patterns was ~25 nm for G-Cr,03,
slightly smaller than that for F-Cr,0; (~38 nm), and larger
than that for G-Cr,03-Cl (~11nm). The average size of
Cr,03 nanoparticles for G-Cr,03-C2 was ~22 nm, similar to
that for G-Cr,0s.

The reduction degree of GO in composites as electrodes for
LIBs was very important and further characterized by FT-IR
and XPS. Fig. 3A shows the FT-IR spectra of GO and G-Cr,0s.
In the FT-IR spectrum of GO, the absorption bands at 1734,
1374, 1227, 1061 and 1624 cm™! were assigned to the stretch-
ing vibrations of C=0, O-H, C-OH, C-O groups and the skele-
tal vibration of C=C from unoxidized graphitic domains,
respectively [32]. In contrast, C=0, C-O and O-H bands disap-
peared in the FT-IR spectra of G-Cr,03, demonstrating that the
oxygen-containing functionalities of GO were almost re-
moved. Furthermore, the characteristics absorption peaks of
Cr,05 at 557 and 617 cm ™' were present, indicating the pres-
ence of Cr,03 in the G-Cr,05; sample [33]. Fig. 3B shows a sur-
vey XPS spectrum from G-Cr,03, and three elements (C, O and
Cr) were detected. The peaks located at ca. 284, 532, 576.9 and
586.4 eV corresponded to the binding energy of C 1s, O 1s, Cr
2ps/2 and Cr 2p4/, (inset of Fig. 3B) [34], respectively, suggesting
that the G-Cr,05 sample consisted of graphene and Cr,05. The
high reduction degree of GO in G-Cr,03 was also confirmed by
the fine spectrum of C 1s (Fig. 3C). The C 1s peak could further
be divided into four peaks located at 284.7, 286.5, 287.6,
288.9 eV, which corresponded to C-C, C-O, C=0 and O-C=0
groups, respectively [32]. Noticeably, the peaks related to the
oxidized groups were so weak, also suggesting the complete
reduction of GO. The loading of Cr,0; in each composite
was accurately determined by TGA. According to the TGA
curves from these Cr,03-containing composites (Fig. 3D), the
Cr,05 contents were ca 51.2 wt% in G-Cr,0s, 39.6 wt% in
G-Cr,05-C1, and 41.9 wt% in G-Cr,05-C2. Besides, the results
also showed that the carbon-coated composites (C1 and C2)
contained ca. 18-22 wt% carbon derived from glucose.

The morphology and structure of Cr-containing compos-
ites were elucidated by SEM and TEM. Figs. 4 and S2 show
the TEM and SEM images of G-CrOOH, G-Cr,03, G-Cr,05-C1
and G-Cr,03-C2. According to the TEM and SEM images of
G-CrOOH (Figs. 4A and S2A), the wrinkled graphene nano-
sheet was observed and no distinct particles were decorated
on its surface. Moreover, three elements (C, O, and Cr) were
detected by EDX (inset of Fig. S2A), suggesting the formation
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Fig. 2 - XRD patterns of (A) F-Cr,03, G-Cr,05 and (B) G-Cr,05-C1, G-Cr,05-C2, respectively.
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of amorphous-like CrOOH on the graphene. After calcination
under N, protection, crystalline Cr,O; nanoparticles were
formed on the graphene, and meanwhile, some large particles
and agglomerates were also observed (Figs. 4B and S2B),
which might result from the CrOOH formed in the solution.
In contrast, few large particles or agglomerates were dis-
cerned in the TEM and SEM images of G-Cr,05-C1 (Figs. 4C
and S2C), implying that the formed carbon associated with
Cr,0; particles might tackle the particle growth and aggrega-
tion. The crystalline and particle size of Cr,05 in G-Cr,05 and
G-Cr,05-C1 were further determined by HRTEM. The HRTEM
images (Fig. 4E and F) revealed that the nanoparticles exhibit
well-defined lattice spacing of ca. 0.216 and 0.248 nm, corre-
sponding to the (113) and (110) planes of Cr,03 crystal. In
addition, the Cr,05 nanoparticles with diameters in the range
of ca. 5-10 nm were randomly formed on the graphene, and
the aggregation was ineluctable (Fig. 4E), whereas the nano-
particles with sizes of ca. 2-5nm were highly dispersed by
additional carbons on the graphene (Fig. 4F). The TEM image
of G-Cr,03-C2 (Fig. 4D) was not much different from that of
G-Cr,03, indicating that the carbon layers formed after the
formation of Cr,05 had little influence on the size and aggre-
gation of Cr,05 particles. Additionally, the carbon layers on
the surface of graphene-Cr,05; could be appreciably distin-
guished based on the SEM observation (Fig. S2D). To further
confirm the presence of carbon coating, EDX was performed
to identify the elements present in G-Cr,03, G-Cr,03-C1, and
G-Cr,03-C2 samples. More than five nanosheets for each sam-
ple were selected to be characterized. The intensity ratios of C
peak to Cr peak for G-Cr,05-C1 and G-Cr,03-C2 were much
higher than that for G-Cr,05. The typical EDX spectra of these
samples were shown in Fig. S3. The weight contents of carbon
were ~47.9 wt% for G-Cr,03, ~58.7 wt% for G-Cr,05-C1 and
~60.6 wt% for G-CryOs-C2, respectively, which were

consistent with the TGA result. The additional carbon might
be ascribed to the carbon layer derived from the glucose.
3.2.  Electrochemical performance

To identify the electrochemical reactions during cycles, cyclic
voltammograms (CV) of F-Cr,03, G-Cr,03, G-Cr,05-C1, and G-
Cr,05-C2 electrodes were characterized in the range of 0.01-
3.0 V. Fig. S4A shows the CV profiles of F-Cr,03 in the 1st,
2nd and 5th scanning cycles. In the first cathodic sweep, it
exhibited a distinct reduction peak at ~0.47 V, which was re-
lated to the first electrochemical process of Cr,0s, including
the reduction of Cr,05-Cr and the formation of the solid elec-
trolyte interface (SEI) layer. In the first anodic sweep, two
peaks observed at ~1.03V and ~2.16 V indicated the partial
decomposition of the SEI layer and the reoxidation of Cr
[11,13]. In the second and fifth cycles, the reduction peak
shifted to a higher potential at ~0.90 V, and the electrochem-
ical reactions were reversible. Fig. S4B shows the 1st, 2nd and
5th CV curves of G-Cr,0;. The peak corresponding to the
reduction of Cr,0; appeared at ~0.65V in the first cathodic
sweep, and shifted to a potential at ~0.78 V in subsequent cy-
cles. Another reduction peak was observed at ~0.02 V, which
was assigned to the insertion of Li* into graphene (the peak at
~0.02 V in the CV curves of F-Cr,05; might be attributed to the
presence of acetylene black in the cells). Fig. S4C, D show CV
curves of G-Cr,03-C1 and G-Cr,05-C2, which were similar to
the curves of G-Cr,0;3, indicating the same electrochemical
reactions. The electrochemical performances of these
Cr,03-containing composites were also evaluated by galvano-
static measurements. Fig. SA shows the first cycle charge-dis-
charge voltage profiles for F-Cr,03, G-Cr,03 and G-Cr,05-C2
samples at a constant current density of 0.1 C. Only one pla-
teaus was identified in the discharge process, corresponding
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Fig. 4 - TEM images of (A) G-CrOOH, (B) G-Cr,03, (C) G-Cr,05-C1, (D) G-Cr,03-C2 and HRTEM images of (E) G-Cr,0s, (F) G-Cr,03-

C1, respectively.

to the transformation of Cr,05 and Li* to Cr and Li,O, which is
in good agreement with the Li-storage mechanism of other
Cr,03-based anodes [6,10]. The first charge and discharge
capacities were ca. 763.9 and 11142mAh g * for G-Cr,0s,
ca. 894.5 and 1234.1 mAhg‘1 for G-Cr,05-C2, much higher
than those of F-Cr,0s (ca. 371.3 and 732.0 mA h g™%), which
may be attributed to the high electrical conductivity of graph-
ene and the dispersion of Cr,03; nanoparticles on the graph-
ene. Additionally, the first discharge capacities of G-Cr,03
and G-Cr,03-C2 were also higher than the theoretical capacity
of Cr,03, which can be ascribed to the SEI layer formation on
the surface of composites [3,4]. Fig. 5B shows the cycle perfor-
mances of F-Cr,03, G-Cr,03 and G-Cr,05-C2 at 0.1 C. Without
the graphene substrate, the capacity of F-Cr,Oz; decreased

rapidly to ~100 mA h g~? after only 10 cycles. On the contrary,
G-Cr,05 showed good cycling stability and high stable revers-
ible capacities, e.g., ~450 mA h g~* after 100 cycles, which was
still higher than the theoretical capacity of graphite
(~370mAh g%). As expected, the graphene substrate effec-
tively buffered the strain from the volume variation of
Cr,03, leading to the improvement of cycle performance of
G-Cr,05. Moreover, according to the previous report [35], the
C-O-Cr bridge in the composite might also contribute to the
improvement of the electrochemical performance. Fig. S5
shows the cycle performance of graphene prepared under
the same condition but without Cr,05. The capacity of graph-
ene after 100 cycles was ~330 mA h g~%, much smaller than
that of G-Cr,03 (~450 mA h g™%). Thus, the capacity contrib-
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Fig. 5 - (A) the first cycle charge-discharge curves for F-Cr,0;, G-Cr,03 and G-Cr,03-C2 at 0.1 C in the voltage range 0.01-3.0 V.
(B, C) the charge and discharge capacities as a function of cycle numbers for F-Cr,03, G-Cr,03 and G-Cr,05-G2 at 0.1 C and 0.1-
1C. (D) the electrochemical impedance spectra of F-Cr,05, G-Cr,05; and G-Cr,05-C2 after 3 cycles.

uted by the Cr,0O; should be ~570mAh g! owing to the
weight content of Cr,05; (~51.2 wt%) in G-Cr,0s. Compared
to G-Cr,0s, the carbon-coated composites, G-Cr,05-C2, exhib-
ited better cycle performance and higher reversible capaci-
ties, e.g, ~550mAh g after 100 cycles. The improved
electrochemical performance of G-Cr,05-C2 can be assigned
to the synergistic effects of the graphene, carbon layer, and
Cr,03;. Namely, the combination of graphene nanosheets
and carbon layers gives rise to a high electrical conductivity
of the overall electrode and accommodate the volume expan-
sion of Cr,05 particles during the cycling [24,25]. Fig. 5C shows
the rate capabilities of these three samples evaluated by mea-
surement of them at 0.1-1C. The capacity of F-Cr,O5; de-
creased rapidly with the increase of the current density,
while G-Cr,0; showed better rate capability than F-Cr,03. G-
Cr,05-C2 exhibited highest capacities among these three
samples, even at a high current density of 1 C, which was as
high as ~280 mA h g', indicating its good rate capabilities.
Additionally, a capacity of ~560 mA h g~! was retained after
40 cycles when the current density recovered to 0.1 C, also
implying its good cycling stability. The EIS measurements of
these samples were also carried out to gain insight into the
superior electrochemical behavior of carbon-coated graph-
ene-Cr,0;. The equivalent circuit model was shown in
Fig. 6D to represent the internal resistances of these batteries
[20,24]. The symbols of R, R, Cf, Ret, Cq, and Zy, denoted the
electrolyte resistance, the resistance and capacitance of the
SEI film, the charge transfer resistance, the double layer
capacitance, and the Warburg impedance, respectively
[25,32]. The Nyquist plots of F-Cr,05;, G-Cr,03 and G-Cr,03-
C2 samples (Fig. 5D) showed two semicircles in the high and
medium frequency range, and a sloping line in the low

frequency range, corresponding to the migration of the Li*
ions through the SEI film (Ry), the charge-transfer impedance
(Rct) on the electrode/electrolyte interface, and the diffusion
of the Li* ions in the bulk of the electrode (Zy,). The Warburg
component was further substituted with the constant phase
element (CPE), which can describe more accurately the devia-
tions in the sloping line [36]. Note that the fitting curves (fit.)
was in accord with the curves obtained in the experiment
(exp.). The radius of the medium-frequency semicircle for F-
Cr,03; was much larger than that for G-Cr,05; or G-Cr,03-C2.
Apparently, the R, values of G-Cr,05 (~27.9 Q) and G-Cr,0s3-
C2 (~21.4Q) were much smaller than that of F-Cr,0,
(~48.2 Q) due to the excellent conductivity of graphene. On
the other hand, compared to G-Cr,03, G-Cr,03-C2 possessed
lower charge-transfer impedance, validating that the intro-
duced carbon can improve the electrical conductivity of the
overall electrode, and thereby resulted in the improvement
of the electrochemical performances in LIBs.

The electrochemical performance of G-Cr,03-C1 including
the cycle performance, rate capability and electrochemical
impedance were also evaluated and shown in Fig. 6. It is strik-
ing to note that G-Cr,05-C1 showed better cycle performance
and rate capability than G-Cr,03-C2. For instance, a reversible
capacity up to ~630 mA h g~* could be maintained after 100 cy-
cleswithout an apparent capacity loss (Fig. 6A), and areversible
capacity of ~315 mA h g~ ' could remain at 1 C (Fig. 6B). Besides,
the charge-transfer resistance of G-Cr,03-C1 after 3 cycles
(Fig. 6C) was ~18.1Q, even lower than that of G-Cr,03-C2
(~21.4 Q). A possible explanation is that the growth of Cr,03
nanoparticles on the graphene was limited by the surrounding
carbon, benefiting the fabrication of separated small Cr,0;
particles, and avoiding the aggregation. Furthermore, the car-
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Fig. 6 - (A, B) the charge and discharge capacities as a function of cycle numbers for G-Cr,03-C1 and G-Cr,05-C2 at 0.1 C and
0.1-1 C. (C) the electrochemical impedance spectra of G-Cr,05-C1 and G-Cr,05-C2 after 3 cycles. (D) the equivalent circuit
model (Re: electrolyte resistance, Rf and Cg: the resistance and capacitance of the SEI film, R..: charge transfer resistance, C4:

double layer capacitance, Z,,: Warburg impedance).

bon layers covering Cr,03 particles might restrain the volume
change of Cr,05. These factors contribute to the enhanced elec-
trochemical performance of G-Cr,03-C1.

4, Conclusions

A novel graphene-based Cr,O; composite was synthesized
using a hydrothermal method followed by a subsequent ther-
mal treatment. Although this graphene-based Cr,05 exhibited
better electrochemical performance in comparison with pure
Cr,03, the exposed particles on the graphene were still prone
to disintegrate or aggregate, leading to a slightly capacity fad-
ing. Thus two strategies were developed to prepare carbon-
coated graphene-Cr,0s;, which showed further enhanced
electrochemical performances due to the carbon layer protec-
tion. Moreover, the carbon layers formed simultaneously with
Cr,05 particles could separate the particles and limit their
growth, whereas the carbon layers formed after the formation
of Cr,0; particles merely covered the particles and could not
prevent particle aggregation. As a result, the former carbon-
coated composite showed further improved electrochemical
properties compared to the latter composite, such as higher
reversible capacity, better cycle performance and rate capabil-
ity. This novel strategy may offer an effective technique for
the preparation of other carbon-coated graphene-based com-
posites for energy storage devices.
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