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Improved cycling stability of MoS2-coated carbon
nanotubes on graphene foam as flexible anodes
for lithium-ion batteries†

Xiaoxuan Ma,a Xusong Liu,a Jiupeng Zhao,*a Jian Hao,a Caixia Chi,a Xiaoxu Liu,*ab

Yao Li,*c Shikun Liua and Kun Zhanga

Achieving appropriate cycling stability for metal sulfides used as anodes in Li-ion batteries remains highly

challenging because of structural collapse or low conductivity. Herein, a novel composite was designed

as an anode material for Li-ion batteries. This unique architecture has the advantages of a large interface

area, numerous channels for Li+ and electron transport, and a porous structure that facilitates electrolyte

infiltration and buffers the volume expansion. As expected, this composite exhibits good cycling stability,

high reversible capacity, and high rate capability, delivering a high discharge capacity of 1511.6 mA h g�1

and a high first columbic efficiency of 83.27%. The reversible capacities of graphitic-carbon network

material (GCNM) electrodes are 1112 mA h g�1 at a current density of 0.1 A g�1 after 100 cycles, and

they show superior rate capabilities. This GCNM composite demonstrates great potential for applications

in power sources for flexible and lightweight electronic devices.

1. Introduction

Li-ion batteries (LIBs) have captivated the attention of many
researchers because of their significantly expanded applications
in recent years. However further applications, especially in the
areas of electric vehicles and large-scale energy storage, require
increased energy and power density.1–8 Previously, various
carbonaceous materials, metal oxides, Si, and metal sulfides
have been developed for use as LIB anodes.9 Mo disulfide (MoS2)
has been considered one of the more promising alternatives to
replace commercialized graphite electrodes (372 mA h g�1) because
of its higher theoretical specific capacity (669–1675 mA h g�1).10,11

However, during cycling, MoS2 active materials are pulverized
by conversion, and Li–S reactions degrade the cyclability,12

which is similar to the performance-degradation mechanism
of Li–S batteries.13 To address these issues, an effective strategy
is to hybridize nanoscaled MoS2 with conductive carbon materials,
including CNTs,14 graphene,15 and carbon fiber.16 Acting as a
‘conductive skeleton’, these carbon materials provide both an
electrically conductive pathway to the current collector and prevent

material agglomeration and pulverization during cycling,
thereby enhancing the cycling stability.

Inspired by this design strategy, many MoS2/carbon composites,
such as carbon cloths,17 graphene foam (GF),18 active carbon,19

CNT networks,20 and graphene films,21 with excellent performance
have been proposed.22,23 For example, Rana et al.24 anchored
flower-like MoS2 onto the surface of thick graphene films and
found that the electrodes exhibited insertion capacities of
approximately 580 mA h g�1 at 0.05 A g�1. Cao et al.25 loaded
MoS2 nanoplates onto three-dimensional (3D) graphene, and
the resulting material delivered an excellent reversible capacity
of 877 mA h g�1 at a rate of 0.1 A g�1 after 50 cycles. Lu et al.26

grew CNTs on a metal substrate by chemical vapor deposition
(CVD) and prepared MoS2 nanoflakes on this substrate, which
demonstrated a high de-lithiation capacity of 1456 mA h g�1

after 50 cycles at 0.2 A g�1. However, the cycling stability of
MoS2 composites as active materials for LIB anodes remains
unacceptable for practical energy-storage applications. Moreover,
reports describing the use of 3D GF as an ideal support for loading
electrochemically active materials are limited.

In this paper, we construct a novel GF-based CNT network
(GCN) using a two-step CVD method. This unique GCN carbo-
naceous ‘‘skeleton’’ could offer several advantages for LIBs:
(1) compared with 3D graphene, it could load more active
materials per unit area; (2) the interconnection of GF with
CNTs allows fast Li+ and electron transport; and (3) the porous
structure facilitates electrolyte infiltration and buffers the
volume expansion of the active materials. The GCN was then
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coated with MoS2 (GCNM) via a facile hydrothermal process, and
the resulting material was directly used as an electrode without
the addition of polymer binders or conducting additives. This
GCNM delivered a high discharge capacity of 1511.6 mA h g�1, a
high first columbic efficiency of 83.27%, a stable reversible
capacity of 1112 mA h g�1 at a current density of 0.1 A g�1 after
100 cycles, and good rate capability for use in LIBs.

2. Experimental
2.1 Preparation of GCN

The GCN was synthesized by a two-step CVD process. First, Ni
foam (20 mm � 20 mm, thickness: 1.0 mm) was pressed to a
thickness of approximately 0.2 mm and directly used as a
substrate for graphene deposition with CH4 at 1000 1C. The
flow rates of CH4, H2, and Ar were 12, 40, and 120 sccm,
respectively. Then, 12 mmol of Ni(NO3)2�6H2O and 15 mmol
of urea were dissolved in 50 mL of deionized (DI) water. After
stirring for 5 min, this mixture was transferred into an 80 mL
Teflon-lined stainless steel autoclave. A piece of graphene on Ni
foam was immersed in the reaction solution, and the hydro-
thermal reaction was conducted at 120 1C for 150 min. Finally,
CNTs were grown from ethanol by CVD at 800 1C for 20 min.
After etching the Ni skeleton, the product was allowed to react
with the sulfuric and nitric acids (1 : 4 v/v) at 140 1C overnight to
enhance its surface hydrophilicity without destroying its structure
(Fig. S1 shows the change of the contact angle, ESI†). For
comparison, GF was also prepared without growing CNTs.

2.2 Preparation of GCNM

First, 2 mmol of Na molybdate dihydrate and 10 mmol of
L-cysteine were dissolved in 50 mL of DI water for 2 min. Then,
1 mol L�1 HCl was added dropwise to the solution until the pH
value was less than 1. The mixture was transferred into the
Teflon-lined stainless steel autoclave containing GCN and
reacted at 200 1C for 24 h. After cooling to room temperature,
the samples were rinsed several times with DI water and then
heated at 60 1C for 8 h. Finally, the samples were annealed at
500 1C for 2 h in Ar and H2 atmospheres to obtain the GCNM.
For comparison, GF coated with MoS2 (GM) was also prepared.
The loading weight of MoS2 in the GCNM electrode used for
electrochemical testing was 3.20 mg, with a GCN : MoS2 mass
ratio of 1 : 4, which is much higher than that of a GM electrode
(0.67 mg). The current applied and capacities obtained were
calculated based on the mass of the composite.

2.3 Characterization

The morphology and microstructure were observed using a
scanning electron microscope (SEM, HITACHI S-4800). Trans-
mission electron microscopy (TEM) images, high-resolution
transmission electron microscopy (HRTEM) images, and selected-
area electron diffraction (SAED) patterns were recorded using a
TEM instrument (JEOL JEM-2010). Raman spectra were obtained
using a Raman microscopy system (WITec CRM 200 confocal)
with a laser wavelength of 550 nm and a spot size of 0.5 mm.

To calibrate the wavenumber, the Si peak at 520 cm�1 was used as a
reference. X-Ray photoelectron spectroscopy (XPS) characterization
was conducted on a PHI-5000 VersaProbe (XPS, Kratos Axis Ultra
Al at 14 kV). X-Ray diffraction (XRD) analysis was performed on a
Max-2500 with Cu-Ka radiation. The thermogravimetric analysis
(TGA) measurements were conducted on a Mettler Toledo TGA/
DSC 1 analyzer with a heating rate of 5 1C min�1 in air.

2.4 Electrochemical measurements

The electrochemical tests were performed using two-electrode
coin cells assembled in an Ar filled glove box with water and O2

contents of less than 2 ppm. The GCNM anodes were used
directly without a conductive additive, a binder, or a metal
current collector. A polypropylene film (Celgard-2400) was used
as a separator, and Li sheets were used as the counter electrodes.
The electrolyte was 1.0 mol L�1 LiPF6 in a mixture of ethylene
carbonate/dimethyl carbonate (EC/DMC) (1 : 1 v/v). The galvanostatic
charge–discharge measurements were conducted in a battery-testing
system (NEWARE BTS-610, Newware Technology Co., Ltd,
China) at room temperature. The cut-off voltage for the 0.1C
rate tests was between 0.01 and 3.0 V. Cyclic voltammetry (CV)
and electrochemical impedance spectroscopy (EIS) were conducted
using an electrochemical workstation (NEWARE BTS-610,
Newware Technology Co., Ltd, China).

3. Results and discussion

The general electrode fabrication protocol is illustrated in
Fig. 1. First, graphene was deposited on Ni foam at 1000 1C,
and GF was obtained after removing the Ni skeleton. The GF
surface is smooth and retained the porous surface morphology
of the Ni foam. Then, CNT networks were grown on the GF
surface by CVD, resulting in a uniform layer of entangled CNTs
in intimate contact with graphene (Fig. 1c and Fig. S2, ESI†).
Thus, the CNTs interconnect with each other to form a network,
leading to a porous structure, which was able to absorb and
buffer the mechanical stress caused by local volume variation
during Li insertion and extraction. Finally, Mo disulfide was
coated onto the CNT surface using a hydrothermal method,
forming a GF-based CNT network integrated with MoS2 (Fig. 1d).

Fig. 1 (a) Schematic for the fabrication of GCNM electrodes. (b–d) Typical
SEM images of GF, GCN, and GCNM.
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Fig. 2a and b show the SEM images of the GCNM. It can be
clearly observed that the GCNM surface is rough and covered
with large-scale, worm-like nanotubes (NTs). The NTs inter-
connect with each other, forming a highly porous network
structure, which facilitates electrolyte infiltration. The GCNM
could be bent, indicating its mechanical flexibility, and could
be directly used as the electrode, as shown in Fig. 2a. The NTs
were peeled off the GF, and the resulting morphology was
investigated by TEM. Fig. 2c and d show typical TEM and
HRTEM images of the composite NTs. These images reveal
that the uneven layers are well coated on the surface of the
CNTs and are parallel to their basal planes. The HRTEM images
demonstrate that the thickness of the outer layer is approxi-
mately 5–18 nm (Fig. 2d and e). The lattice fringes of the outer
layer show a lattice spacing of B0.64 nm, which is consistent
with the d spacing of the (002) planes of hexagonal MoS2,
confirming that MoS2 layers are coated on the surface of the
CNTs. The d spacing of the CNTs is 0.34 nm. The SAED pattern
shows the polycrystalline structure of the coated MoS2

27

(Fig. 2f), which consists of rings corresponding to the (100),
(103), and (110) planes of MoS2. This finding is in good
agreement with the XRD results. HRTEM reveals that the
thickness of the MoS2 layers coated onto the CNTs is approxi-
mately 7 nm, as shown in Fig. 2d.

The crystallinity and crystal phases of the as-prepared sam-
ples were examined by Raman spectroscopy, XRD, and XPS.
Raman spectra of the samples are shown in Fig. 3a. The spectra
of the graphene/Ni foam composite include three characteristic
peaks of graphene at 1350, 1570, and 2717 cm�1, which
correspond to the D, G, and 2D bands. The most intense
features appeared at 1570 cm�1 (G band) and can be attributed
to the in-plane vibrations of carbon atoms. Furthermore, the
peak at 1350 cm�1 (D band) occurs because of the presence of
defects in the carbon lattice, whereas the G0 band at 2685 cm�1

is related to a second-order Raman process. Only the G and 2D
bands are clearly observed, and the D band is not found in the
spectra of graphene/Ni foam, suggesting that the graphene is of
high quality. The Raman spectrum of GCN shows three strong

peaks at 1345, 1570, and 2680 cm�1, demonstrating the presence of
CNTs, whereas the graphene peaks are largely obscured. The
presence of the intense D band in the spectrum is associated with
defects in the CNTs. The Raman spectrum of GCNM shows that the
intensities of the D band (1345 cm�1), G band (1370 cm�1), and 2D
band (2717 cm�1) of CNTs all diminished significantly because of
the screening effects of the covering MoS2 layers. Two obvious
peaks occur at 378 cm�1 and 403 cm�1 and correspond to the E1

2g

and A1g Raman modes of MoS2, respectively. Fig. 3b provides
insight into the MoS2 layer orientations. The peak intensity
corresponding to different vibration modes depends on the layer
orientations. The A1g mode is preferentially excited in the
spectrum relative to the E1

2g mode, indicating that the S layer is
terminated by edges on the surface.28,29 Therefore, the MoS2

layers are paralleled to the CNTs; this finding is consistent with
the TEM observations in Fig. 2b.

Further evidence regarding the surface chemical and oxida-
tion states is provided by the XPS results in Fig. 3c–e. The XPS
spectrum reveals that GCNM contains elemental C, O, Mo and
S, as shown in Fig. 3c. The high-resolution Mo 3d peak includes
two sub-peaks at binding energies of 229.3 and 232.5 eV in
Fig. 3d; they are assigned to the doublet Mo 3d3/2 and Mo 3d5/2,
respectively, which are characteristic of Mo4+ in MoS2. A small
S2s peak is centered at 226.3 eV.30 In Fig. 3e, the peaks at 163.2
and 162 eV correspond to the S 2p1/2 and 2p3/2 peaks, respec-
tively, which are characteristic of S2� in MoS2. These features
correspond to 2H-MoS2.31 The atomic ratio of Mo/S is 2.04, as
calculated by quantifying the peaks, which is similar to the

Fig. 2 (a) Low-magnification SEM image of GCNM; the inset shows
photographs of the GCNM electrode that demonstrate its flexibility. (b) High-
magnification SEM image of GCNM, (c) the TEM image of CNTs/MoS2 NTs,
(d and e) HRTEM images of CNTs/MoS2 NTs, and (f) SAED patterns of MoS2.

Fig. 3 (a) Raman spectra of the graphene/Ni foam, GCN, and GCNM
composites. (b) The magnified Raman spectrum of the GCNM composite,
showing the peaks of MoS2 and its two different vibration modes in detail.
(c) XPS spectrum of GCNM. (d and e) Narrow scans of Mo 3d and S 2p,
respectively. (f) XRD patterns of GCN and GCNM.
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theoretical value of stoichiometric MoS2. Compared with
GCNM (Fig. 3c and Fig. S3b, ESI†), the intensity of the carbon
peaks in the GCN spectrum (Fig. S3a and c, ESI†) is weaker,
indicating that the surface of the GCN is almost completely
covered by MoS2. The XPS results are consistent with those of
SEM, TEM, and Raman. Fig. 3f shows the XRD patterns of GCN
and GCNM. The diffraction peak at 2y = 9.361 is attributed to
the (002) plane of MoS2, which is in agreement with the
reference MoS2 pattern (JCPDS # 37-1492). The XRD pattern
of GCNM contains diffraction peaks corresponding to both
MoS2 and CNTs, indicating that both phases are present.32

Thermogravimetric analysis (TGA) is employed to determine
the amount of MoS2 present in GCNM. Fig. S4 (ESI†) shows that
the weight loss in the range of 250–700 1C can be attributed
to the combustion of carbon and the oxidation of the content of
MoS2 in GCNM. The retained weight percentage of GCNM is
maintained at 84.20% at around 700–750 1C, one can estimate
that the content of MoS2 in GCNM is calculated to be 79.82%.
As the total mass of the electrode is 3.20 mg, the component of
MoS2 is 2.55 mg and the component of carbon is 0.65 mg.

To investigate the potential application of the unique GCNM
composite, its electrochemical performance as an anode material
was tested in a half-cell configuration. The capacity values
reported below are based on the total mass rather than the mass
of MoS2 only. Fig. 4a depicts the CV curves of the GCNM
composite from the first to third cycles collected at a current
density of 0.1 A g�1 in the voltage range of 0.01–3.00 V (vs. Li+/Li).
For the first cycle, two large reduction peaks at approximately
1.21 V and 0.56 V and oxidation peaks at approximately 1.7 V and
2.25 V were observed. The reduction peaks near 1.21 V indicate
the formation of LixMoS2 (LixMoS2 - MoS2 + xLi+ + xe�), and the

peak variation is attributed to Li intercalation at different MoS2

defect sites. The reduction peaks at 0.56 V can be ascribed
to a conversion reaction process involving the decomposition
of LixMoS2 into Mo particles embedded in a Li2S matrix
(LixMoS2 + 4e� + 4Li+ - Mo + 2Li2S). The overall reaction
during the first discharge can be expressed as: MoS2 + 4e� +
4Li+ - Mo + 2Li2S. The oxidation peak at 1.7 V can be
attributed to the extraction of Li+ from the residual LixMoS2

lattice (LixMoS2 - MoS2 + xLi+ + xe�), and the following peak
located at 2.25 V relates to the oxidation of Li2S to S (Li2S - S +
2Li+ + 2e�). In the second CV cycle, a new redox peak associated
with the reduction of S to Li2S at 1.67 V, which can be assigned
to the reaction: S + 2Li+ + 2e� - Li2S, and a broad peak
indicating Li intercalation of residual MoS2 to form LixMoS2 at
1.10 V were observed, which can be assigned to the reaction:
MoS2 + xLi+ + xe�- LixMoS2.33 These reactions were reversible
at the oxidation peaks at 1.7 V and 2.25 V, which correspond
to the extraction of Li+ from the residual LixMoS2 lattice
(due to the reaction process: LixMoS2 - MoS2 + xLi+ + xe�)
and the oxidation of Li2S (due to the reaction process: Li2S -

S + 2Li+ + 2e�), respectively.34 This finding is in agreement with
previous reports.35 Fig. 4b and Fig. S5a (ESI†) show the charge–
discharge curves of the GCNM electrode at 1st, 2nd and
3rd cycles in the voltage range of 0.01–3.0 V at a current density
of 0.1 A g�1. The initial discharge and charge capacities
calculated according to the total weight of GCNM are 1511.6
and 1259 mA h g�1, respectively, and the coulombic efficiency
is relatively high (83.28%). The irreversible capacity loss in the
first cycle is mainly attributed to the formation of a solid
electrolyte interphase (SEI) film.36,37 Fig. S4a and b (ESI†) show
that coulombic efficiency exceeding 96% can be reached in the

Fig. 4 (a) CV curves of the first three cycles of the GCNM electrode at a current density of 0.1 A g�1. (b) The first three galvanostatic charge–discharge
profiles of the GCNM electrode at a current density of 0.1 A g�1 in the voltage range of 0.01–3.0 V vs. Li+/Li. (c) Cycling performance of GCNM, GM, and
GCN electrodes at a current density of 0.1 A g�1. (d) Multi-rate testing of GCNM, GCN, and GM at discharge current densities of 0.1, 0.2, 0.5, 1.0, 5.0, and
0.1 A g�1. (e) Nyquist plots of GCNM, GM, and GCN electrodes in the frequency range from 100 kHz to 0.01 Hz, and an equivalent circuit model of the
electrode; CPE is the constant phase element. (f) Schematic of the electrolyte ion diffusion and fast electron transport in GCNM.
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subsequent two cycles with a high reversible capacity of
1219 mA h g�1 for GCNM, which is mainly attributed to this
material’s unique and stable structure.

The cycle behaviors and rate capacities of the GCNM electrode
are displayed in Fig. 4c and d. Those of the GM and GCN
electrodes are also presented for comparison. In the first cycle,
the GM electrode exhibits a discharge capacity of 1065.5 mA h g�1,
whereas the GCNM electrode delivers an improved capacity of
1511.6 mA h g�1. In the second cycle, the discharge capacities of
GCNM and GM decrease to 1219.0 mA h g�1 and 855.9 mA h g�1,
respectively, corresponding to 80.64% and 80.24% of their initial
capacities (Fig. S5 and S6, ESI†). Additionally, their coulombic
efficiencies are higher than those of most MoS2-based electrodes.
After 100 cycles, the reversible capacity of the GCNM electrode is
stable at 1112 mA h g�1 at a current density of 0.1 A g�1, which is
excellent cycling performance (Fig. S5, ESI†). Table S1 (ESI†)
compares the electrochemical performance of MoS2 and its
composites with the results found in this work. As shown in
Fig. S4a and b (ESI†), after exhibiting a first coulombic efficiency
of 80.64%, the GCNM electrode’s efficiency rapidly rises to more
than 99% in subsequent cycles. In contrast, after 100 cycles, the
GM electrode only delivers a reversible capacity of 441.5 mA h g�1

after undergoing the continuous and progressive capacity decay
shown in Fig. S6a and b (ESI†). The reversible capacity of the
GCN electrode is maintained at 293.8 mA h g�1 after 100 cycles
(Fig. S7a and b, ESI†). The high rate performance of GM, GCN,
and GCNM was investigated by conducting multiple-current
galvanostatic testing. The discharge capacity of the GM electrode
is dramatically faded and cannot be recovered to its initial level
after high rate cycling, even at low discharge currents. As shown
in Fig. 4d, the capacities of GM at current densities of 0.1, 0.2,
0.5, 1, 5, and 0.1 A g�1 are 859.3, 683.1, 491.7, 373.5, 192.0, and
293.2 mA h g�1, respectively. In contrast, the GCNM electrode
delivers much higher capacities of 1218.0, 975.0, 769.3, 576.5,
410.4, and 1178.2 mA h g�1 at these current rates, thus exhibiting
excellent cycling properties during high rate testing. The capa-
cities of GCN, the carbon substrate, at current densities of 0.1,
0.2, 0.5, 1, 5, and 0.1 A g�1 are 377.4, 280.1, 258.7, 172.7, 97.0,
and 2302.1 mA h g�1, respectively, indicating that the GCN
remained very stable during the extended rate cycling process.
The high reversible capacities, outstanding first columbic
efficiency, enhanced rate capability, and excellent cycling
stability of the GCNM electrode are impressive when compared
to many previously reported MoS2-based electrodes, as shown
in Table S1 (ESI†).

To gain more insight into the materials’ performance, the
GCNM, GM, and GCN electrodes were subjected to impedance
measurements after 10 cycles. As shown in Fig. 4e, the diameter
of the semicircle of the GCNM electrode in the high-medium
frequency region is smaller than that of the GM electrode,
indicating that the GCNM electrode has the lowest contact and
charge-transfer resistances. Here, Re represents the internal
resistance of the test cell; Rf and CPE1 denote the resistance
and the constant phase element of the SEI film formed on the
electrode surface, respectively; and Rct and CPE2 reflect the
charge-transfer resistance and the constant phase element of

the interface between the electrode and electrolytes, respectively.
The impedance spectrum is characterized by a well-defined
semicircle at high and intermediate frequencies and a straight
line inclined at a constant angle relative to the real axis at low
frequencies. The Re, Rf, and Rct values can be obtained by fitting
the data according to the equivalent circuit model in Fig. 4e. The
Re, Rf, and Rct values of the GCNM electrode are 5.38, 7.97, and
25.12 O, respectively, which are lower than those of the GM
electrode (Re = 5.83 O, Rf = 10.31 O, and Rct = 33.81 O). In
contrast, the charge-transfer resistance of GCNM is much lower
than that of GM, demonstrating that GCNM has higher electro-
chemical activity for energy storage. The carbon skeleton has the
lowest resistance (Re = 5.21 O, Rf = 8.71 O, and Rct = 21.29 O)
and can thus be used as an outstanding collector and carrier.
Therefore, the use of GCNM can ensure that the over electrode
will have a higher conductivity and substantially enhance the
electrochemical activity of the MoS2 anode materials during
cycling.

The excellent cycling stability and rate capability of the
GCNM electrode might be attributable to the rational design,
unique structure, and compositional advantages shown in the
schematic in Fig. 4f. Specifically, the merits of the designed
structure are summarized as follows: (1) the highly flexible 3D
micro-sized GF and the disordered-CNT network provide an
ideal skeleton for MoS2, preventing the aggregation of the
active material and thereby considerably maintaining its
inter-space and large surface area. (2) The internal cavity and
flexibility of the CNTs, which can achieve very tight contact with
graphene, could facilitate the efficient transfer of electrons to
the nano-MoS2 cladding layer and absorb/buffer the mechanical
stress induced by the volume variation of MoS2 during Li
intercalation/exfoliation. (3) The voids between neighboring
CNTs provide space to accommodate volume change, facilitate
electrolyte infiltration, further shorten the ion-transfer pathway
to the surface, and enable fast Li+ transport and, hence,
improved rate capability. Therefore, this rationally designed
nanoarchitecture can lead to GCNM electrodes with signifi-
cantly improved electrochemical performance. The good rate
capability, excellent cycling stability, and outstanding first
columbic efficiency of this material are definitely attributable
to synergistic effects.

4. Conclusions

In summary, an approach to fabricating flexible binder-free
MoS2-coated carbon nanotubes on graphene foam composites
has been successfully developed. This approach consists of the
chemical vapor deposition growth of carbon nanotubes on
graphene foam and subsequent hydrothermal anchoring of
MoS2 nanoarchitectures onto it. The electrode studied here
delivered a high discharge capacity of 1511.6 mA h g�1 and a
high first columbic efficiency of 83.27%. The reversible capacities
of the electrode were stable at 1112 mA h g�1 at a current density
of 0.1 A g�1 after 100 cycles, and it exhibited a superior rate
capability. These results clearly demonstrate that the MoS2-coated
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carbon nanotubes on graphene foam showed enhanced electro-
chemical behaviour compared with MoS2-coated graphene foam.
The improved performance is ascribed to carbon nanotube net-
works on graphene foam providing a large surface area and
sufficient void space between neighboring carbon nanotubes
and the thin cladding layer of MoS2, thereby greatly improving
the electrochemical performance of the resulting materials. Our
synthesis approach could be extended to other metal sulfides and
is very promising for broad future applications, such as in
sensors, catalysts, and supercapacitors.
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