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te template to prepare a MoS2/
amorphous carbon composite and exploration of
its electrochemical properties as a supercapacitor

Yang Yang, a Aijun Li,ac Xi Cao,b Fangfang Liu,a Siyu Chenga and Xiuyun Chuan*a

A MoS2/amorphous carbon composite was prepared using diatomite as a template and ammonium

thiomolybdate/sucrose as starting materials. The composite perfectly inherits the template morphology

with a porous structure, in which MoS2 possesses a structure with several layers, and amorphous carbon

is partially inserted into the interlayer spaces of the MoS2, inhibiting the restacking of the MoS2
nanosheets along the (002) plane. The interlaminar distance of the adjacent MoS2 nanosheets in the

composite is 1.03 nm, which is approximately twice that between adjacent MoS2 and carbon layers. The

supercapacitor utilizing this composite exhibits a high specific capacitance, 167.3 F g�1 at the current

density of 0.5 A g�1 and high rate capability, 96.4 F g�1 at 10 A g�1. Moreover, the capacitance retention

is maintained at 93.2% after 1000 cycles, indicating excellent cycling stability. In contrast, the capacities

of pure AC and MoS2 are much lower, and also the cyclability of MoS2. The overall improvement in

electrochemical performance could be ascribed to the unique microstructure and the close combination

of MoS2 and amorphous carbon.
Introduction

There has been great interest in electrochemical capacitors
(ECs), also called supercapacitors, in recent years because of the
increasing miniaturization of electronic and electrical equip-
ment and the continuous development in the electric vehicle
industry.1 ECs are a new type of energy storage device that have
numerous benets, including long cycle life, great power
density, high energy density, wide working temperature range,
and environmental friendliness, and have been widely used in
constant switches, portable electronics, backup power supplies,
and industrial power-energy management.2–4 Based on the
charge storage mechanism, ECs can be classied as electrical
double-layer capacitors (EDLCs) or pseudo-capacitors (PCs).5

EDLCs retain energy via gathering pure electrostatic charge at
the electrode/electrolyte interface.6 PCs produce energy by the
rapid reversible faradic alterations of active materials.7 Carbon-
based materials with high surface area, including carbon
nanotubes (CNTs),8,9 active carbon,10 and mesoporous carbon,11

have been extensively utilized in EDLCs, and electroactive
materials, including conductive polymers,12 transition-metal
oxides,13 transition-metal hydroxides,14 and transition-metal
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suldes,15–17 have been widely used in PCs. A typical approach
is to synthesise a composite by combining two materials of the
PC-type and the double-layer-type capacitor, respectively, to
improve the capacitive characteristics of the composite.18

MoS2 is structurally analogous to graphite and possesses
a crystal structure that is made up of fragile coupled layers of
S–Mo–S, in which an atomic layer of Mo appears among two
layers of S atoms. The three layers are piled and jointed by
fragile van der Waals interactions.19–21 Because of its unique
sandwich structure, it is benecial for the diffusion and transfer
of ions to achieve the purpose of storing and releasing elec-
trons.22 Moreover, MoS2 exhibits greater intrinsic fast ionic
conductivity compared to oxides,23 greater theoretical capacity
than graphite,24 and is anticipated to demonstrate positive
pseudocapacitive characteristics because the Mo center is able
to show a range of oxidation states from +2 to +6.25 Therefore,
there has been great interest in MoS2, particularly for use in
supercapacitors.20,21,26 Soon and Loh18 reported that the super-
capacitor demonstration of MoS2 was equal to that of carbon
nanotube array electrodes. Ajayan et al.27 reported fabrication of
2D MoS2 lm-based micro-supercapacitors, which exhibited
high area capacitance of 8 mF cm�2 and excellent cyclability.
Geng et al.28 synthesized 3D ower-like MoS2 structures, and the
obtained materials formed a typical EDLC with high capaci-
tance and good cycling stability. Nevertheless, the specic
capacitance of MoS2 remains extremely limited to energy
storage applications. A promising strategy have been suggested
to increase the capacitance of MoS2-based materials by
combining with a group of conducting materials, such as
This journal is © The Royal Society of Chemistry 2018
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Fig. 1 Schematic representation of the formation mechanism of the
MoS2/a-C composite using diatomite as template.
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carbon materials,29,30 conductive polymers,31,32 andmetal foils.33

For example, Lu et al.34 prepared MoS2/polyaniline (PANI)/rGO
aerogels, in which the PANI and graphene ensured the
outstanding conductivity of the aerogels, and enhanced the
total capacitance of the aerogels by providing the pseudocapa-
citance and EDLC, respectively.

Nowadays, template method is a hot research topic in
materials science, with which the structure, morphology and
size of nanomaterials can be effectively controlled by simply
altering the nature of template and the preparation conditions.
For the preparation of two-dimensional layered transition-metal
dichalcogenide (TMD) architectures based on TMD nano-
materials, commonly used templates include metal carbonate
microcubes,35 metal oxide microcubes,36 and silica micro-
spheres.37 For example, Zhou et al.38 employed TiO2 nanobelts
as templates to prepare TiO2 heterostructures coated with few-
layer MoS2 nanosheets (TiO2@MoS2), which showed a high
photocatalytic hydrogen production even without the Pt
co-catalyst. Hu et al.39 reported the synthesis of porous tubular
C/MoS2 nanocomposites with porous anodic aluminum oxide
as a template, and the composite showed good electrochemical
performance. Besides, other macro-sized materials including
3D graphene foams,40,41 carbon cloths,42,43 carbon bers,44 and
so on, were also studied as templates for the preparation of
TMD-based materials. However, complex manufacturing
processes and high prices limit the large-scale application of
synthetic templates. There are many natural minerals with one-
dimensional to three-dimensional structures in nature. They
are excellent natural template materials because of their huge
reserves and low cost. However, there are seldom reports con-
cerning the use of natural minerals as templates for the prep-
aration of TMD-based materials.

Herein, we propose a MoS2/amorphous carbon (a-C)
composite using sucrose and ammonium thiomolybdate as
the carbon andMoS2 source, respectively, and natural diatomite
as a template. The electrochemical properties of such compos-
ites were further studied and determined to provide a high
capacitance and high-rate capability with good long-term
cycling stability.
Experimental
Diatomite

Natural diatomite was acquired from the Selet Diatomite Co.,
Ltd. (Jilin province, China) and puried by an acid leaching
technique.45 The chemical composition (wt%) of diatomite
before and aer purication was established by X-ray uores-
cence spectrometry (ADVANT'XP+), as summarized in Table 1.46
Table 1 Chemical compositions of diatomite before and after purificatio

Sample SiO2 Al3O2 Fe2O3 K2

Nature diatomite 84.23 3.27 0.74 0.4
Puried diatomite 91.99 2.01 0.23 0.3

a Loss on ignition.

This journal is © The Royal Society of Chemistry 2018
Preparation of the MoS2/a-C composite

A related schematic image is shown in Fig. 1. To prepare the
precursor, 0.26 g ammonium thiomolybdate ((NH4)2MoS4) and
0.17 g sucrose were dissolved in 10 mL dimethylformamide
(DMF), and then a certain amount of diatomite (0.5 g) was
placed in the solution. The combination was stirred under
vacuum for 30 minutes and then dried at 70 �C to obtain the
product, which was then annealed at 800 �C for 2 h under argon
ow. The diatomite template was removed by soaking in 40%
HF solution for 12 h. Aer washing with water and alcohol, the
product was obtained by additional drying in a vacuum oven at
70 �C for 12 h.

In order to investigate how the crystal structures and
morphologies of the sample were affected by adding sucrose to
the precursor solution, pure carbon (amorphous carbon, AC)
and MoS2 were also prepared using the same route by adding
the corresponding precursor and then annealing under the
same conditions.

Characterization

Powder X-ray diffraction (XRD) patterns were recorded on
a Rigaku DMAX-2400 diffractometer using Cu Ka radiation (l ¼
0.154056 nm) with a generator voltage of 40 kV and a current of
100 mA. A scan rate of 2� min�1 was applied for the determina-
tion. Raman spectra were obtained using a Ricro-Raman-1000
micro spectrometer (Renishaw, UK) with an excitation wave-
length at 532 nm. Thermogravimetry (TG) was recorded in the
temperature range of 50–1000 �C in air atmosphere at a heating
rate of 10 �C min�1 using TGA-DSC-DTA (TA, USA) tester. SEM
micrographs were obtained using a Nova Nano SEM 430 (FEI,
USA) eld emission SEM with acceleration voltage of 15 kV and
beam current of 176 mA. TEM images were obtained with Tecnai
F30 (FEI, USA) eld emission TEM at 200 kV accelerating voltage.
Element distribution of the sample was characterized by using
energy dispersive X-ray spectroscopy (EDS). The N2 adsorption–
desorption isotherms were measured on a Micromeritics ASAP
2020 system at 77 K. Prior to analysis, the samples ware degassed
under vacuum at 120 �C for 24 h. The specic surface area was
n (wt%)

O CaO MgO Na2O TiO2 L.O.Ia

6 0.34 0.25 0.20 0.17 4.5
5 0.13 0.07 0.17 0.1 2.5

RSC Adv., 2018, 8, 35672–35680 | 35673
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calculated using the multiple-point Brunauer–Emmett–Teller
(BET) method, while the pore size distribution and pore volume
data were calculated from the desorption branches based on the
Barrett–Joyner–Halenda (BJH) equation.47
Electrochemical measurements

Cyclic voltammetry (CV), galvanostatic charge–discharge (GCD)
and electrochemical impedance spectroscopy (EIS) were carried
out on a CHI660E electrochemical workstation (Shanghai,
China) with a three-electrode conguration using 6 M NaOH
aqueous solution as the electrolyte. The working electrode is
nickel foam coated by the mixture of electroactive materials,
carbon black and polytetrauoroethylene (PTFE) with the
weight ratio of 85 : 10 : 5 in a mass loading of 1.0 mg cm�2.
Platinum foil and Hg/HgO severed as counter and reference
electrode, respectively. The specic capacitance was calculated
from the GCD curve based on eqn (1).

Cs ¼ It/(m � DU) (1)

where I is the constant discharging current, t is discharging
time, m is the mass of the corresponding electrode material,
and DU is voltage range.
Results and discussion
X-ray diffraction (XRD)

The XRD patterns of pure AC, MoS2, and the MoS2/a-C
composite are demonstrated in Fig. 2a. AC exhibits two broad
XRD diffractions at approximately 23� and 43�, indicating that
the carbonaceous material is formless in nature. All reections
of MoS2 are in accord with the hexagonal structure (JCPDS 37-
1492), which illustrates the high purity. In the MoS2/a-C
composite, the (002) plane peak of MoS2 disappears, and just
three XRD peaks at 2q ¼ 33.0�, 39.5�, and 58.9� are observed,
which are ascribed to the (100), (103), and (110) peaks of MoS2,
respectively. A broad diffraction peak appearing at 2q ¼ 25.1�

should be attributed to the (002) plane of amorphous carbon.
The absence of the (002) reection of MoS2 indicates that
stacking of the single layer does not occur, and MoS2 in the
composite should possess a structure with a sole layer or several
layers.48,49 In addition, there are two novel fragile diffraction
peaks for the composite at 2q ¼ 8.6� and 16.4�, which are
Fig. 2 (a) XRD patterns and (b) Raman spectra of AC, MoS2 and MoS2/a

35674 | RSC Adv., 2018, 8, 35672–35680
indicated with * and #, respectively. The two peaks are not
indexed to MoS2 or carbon. Calculated according to the
diffraction angles based on the Bragg equation, the d-spacing of
peak # is 0.52 nm, which is within d(002) of MoS2 and carbon.
There is the potential that peak # is ascribed to the spacing
among the MoS2 layer and the carbon layer. The d-spacing of
peak * is 1.03 nm, which is double that of peak #, and it could be
the distance between adjacent MoS2 nanosheets.

Raman spectroscopy

Fig. 2b shows the Raman spectra of pure AC, MoS2, and the
MoS2/a-C composite. Clearly, only typical D and G vibrational
bands centered at 1348 cm�1 and 1583 cm�1 are observed for
AC, which are from the defects and disorder structures in
carbon, and the graphitic in-plane vibrations of ideal sp2

carbons, respectively.50 The characteristic bands of MoS2 exhibit
at 381.7 cm�1 and 407.1 cm�1 correspond to the E1

2g and A1g
modes, respectively, which are from the out-of plane Mo–S
phonon mode and the in-plane Mo–S phonon mode.51 The
frequency difference of 25.4 cm�1 between the E12g and A1g mode
peaks indicates the layer-stacked structure of MoS2.52 TheMoS2/
a-C composite shows not only the peaks of carbon but also the
peaks of MoS2, conrming the presence of carbon and MoS2 in
the composite and complete correspondence with the nding
from the XRD diffraction studies. In addition, compared with
pure MoS2, the E1

2g vibration soens (red shis), while the A1g
vibration stiffens (blue shis) with a peak to peak distance of
21.3 cm�1 in the composite, corresponding to few layer MoS2.52

Thermogravimetry (TG)

Fig. 2c shows the thermal behavior of MoS2 and MoS2/a-C
composite at air atmosphere. As illustrated in the gure, both
materials exhibit an initial weight loss at approximately 100 �C,
which corresponds to the evaporation of surface-adsorbed water
molecules.53 For MoS2, when the temperature elevated from
200 �C to 600 �C, the weight loss of 10.3% is related to the
oxidation of MoS2 and the formation of MoO3, which is repre-
sented by eqn (2).54 The weight loss occurring aer 600 �C is
attributed to the sublimation of MoO3.55 For the MoS2/a-C
composite, the TG curve is similar to that of MoS2, but the
weight loss signicantly increases in the temperature range of
200–600 �C (42.5%), which is mainly due to the simultaneous
ablation of amorphous carbon in addition to MoS2 oxidation.56
-C composite; (c) TG curves of MoS2 and MoS2/a-C composite.

This journal is © The Royal Society of Chemistry 2018

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/c8ra07062h


Paper RSC Advances

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

8 
O

ct
ob

er
 2

01
8.

 D
ow

nl
oa

de
d 

on
 1

1/
28

/2
02

5 
3:

20
:2

3 
PM

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online
Combined with the thermal weight loss and eqn (2), the carbon
content of the composite is calculated to be approximately 36.2%.

2MoS2 + 7O2 / 2MoO3 + 4SO2 (2)

Scanning electron microscopy (SEM)

The SEM images show that the diatom shells (Fig. 3a) are disk-
shaped with a diameter of 3–20 mm, and the frustule possesses
two types of macroporous structures (Fig. 3b). The macropores
in the center of shell array are irregularly spaced, with sizes
concentrated at 300–500 nm, while the macropores at the edge
display an ordered array with a pore size of 100–200 nm. Fig. 4
shows the morphologies of pure AC (Fig. 4a and d), MoS2
(Fig. 4b and e), and the MoS2/a-C composite (Fig. 4c and f). All
the materials exhibit cylindrical (Fig. 4a–c) and regular hollow
tubular (Fig. 4d–f) structures, originating from the center and
marginal pores of diatomite, respectively. The surface
morphology of the MoS2/a-C composite is rough, which
increases the specic area of the nanocomposite.

Transmission electron microscopy (TEM)

TEM was used to additionally study the microstructures of the
samples. Fig. 5a demonstrates that MoS2 has an ideal layered
Fig. 3 SEM images of (a) a diatom shell and (b) macropores in the
diatom shell.

Fig. 4 SEM images of (a and d) AC, (b and e) MoS2, and (c and f) the Mo

This journal is © The Royal Society of Chemistry 2018
crystal with an interlayer distance of the (002) plane of 0.65 nm,
which is in agreement with the XRD results. The TEM image of
the MoS2/a-C composite in Fig. 5b clearly shows that the
nanotubes are porous and the layer-stacked structure of MoS2 is
destroyed. The interlayer distances between the MoS2 nano-
sheets is 1.03 nm for the composite, which is in agreement with
the XRD evaluation. Therefore, it can be established that the
diffraction peak * near 2q ¼ 7.5� must be ascribed to the
interlayer area of the nearby MoS2 nanosheets in the composite.
In addition, the plane spacing d(#) is approximately half of the
plane spacing of d(*), which should be the distance among the
MoS2 layer and the carbon layer.

The elemental distribution was obtained by the EDS
mapping, as shown in Fig. 5c–f. Three elements in the
composite, C, Mo and S, are homogenously distributed, sug-
gesting that MoS2 and C are perfectly combined. The composite
microstructure is schematized in Fig. 6. MoS2 has a sandwich
structure of S–Mo–S covalent bonds, with an interlayer distance
of 0.65 nm. By adding sucrose to the precursor solution,
amorphous carbon is partially inserted into the interlayer
spaces of MoS2, escalating the distance of the initial MoS2
layers.
N2 adsorption

Fig. 7 shows the nitrogen adsorption/desorption isotherms of
template materials. Based on IUPAC-classication, all the
materials exhibit type II adsorption isotherms with H4-type
hysteresis loops, and these characteristics reect the meso-
porous structure. The elevation in the quantity adsorbed close
to the relative pressure of 1.0 demonstrates the presence of
macropores. The adsorption curves exhibit a small amount of
adsorption capacity at low relative pressure, indicating that
there are a small number of micropores. The specic surface
areas and pore characteristics are tabulated in Table 2. In
contrast to pure AC andMoS2, the specic surface area and pore
volume of the MoS2/a-C composite are signicantly elevated,
S2/a-C composite.

RSC Adv., 2018, 8, 35672–35680 | 35675
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Fig. 5 TEM images of (a) MoS2, (b and c) the MoS2/a-C composite, and (d–f) elemental distribution scanning of the selected region in (c).

Fig. 6 Schematic demonstration of the microstructures of MoS2 and
the MoS2/a-C composite.
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and the volume of both micropores and mesopores showed the
same trends, but the variation trend of the average pore size is
the opposite, implying that the number of pores in the
composite has increased. It has been documented that
(NH4)2MoS4 decomposes at low temperature to produce MoS3.57

It is possible that carbothermal reduction of MoS3 by pyrolyzed
carbon leads to the creation of MoS2, and simultaneously, the
Fig. 7 Nitrogen adsorption isotherms of AC, MoS2, and the MoS2/a-C
composite.

35676 | RSC Adv., 2018, 8, 35672–35680
gasication of carbon produces pores nearby MoS2, causing the
generation of the porous tubular MoS2/a-C composite.58
Electrochemical properties

Fig. 8a reveals the CV curves of AC, MoS2, and the MoS2/a-C
composite electrodes at a scan rate of 50 mV s�1 in the poten-
tial window of�1.0 to�0.2 V. There is no obvious redox peak in
the CV curve of the AC electrode, which indicates typical electric
double-layer capacitance. For the MoS2 and MoS2/a-C elec-
trodes, the capacitance quality is unique from that of the elec-
tric double-layer capacitance. The two CV curves exhibit obvious
redox peaks, which indicate pseudocapacitance characteristics.
The redox peaks should be ascribed to the oxidation/reduction
process of Mo active atoms at the edge of the MoS2 layer (Mo(IV)
4 Mo(V) 4 Mo(IV)).59 Compared with pure AC and MoS2, the
output current of the MoS2/a-C composite is higher, indicating
that the composite possesses a larger capacitance. Fig. 8b shows
the CV curves of the MoS2/a-C composite at various scan rates.
As the scan rate increases, the CV shape is well-maintained,
indicating that the composite possesses excellent capacitive
behavior and would be suitable for quick charge–discharge
operations.

Fig. 8c displays the GCD curves of AC, MoS2, and the MoS2/a-
C composite electrodes examined at a current density of
0.5 A g�1 with voltage between �1.0 and �0.2 V. For the MoS2
and MoS2/a-C electrodes, the gure reveals two variation ranges
in the discharge curves, in which a variation of potential vs. time
dependence (�0.2 to �0.4 V) almost parallels to the potential
axis suggests pure double-layer capacitance activity from the
charge separation at the electrode/electrolyte interface. In
addition, a sloped variation of potential vs. time (�0.4 to�1.0 V)
suggest usual pseudocapacitance activity, induced by redox
reaction at the electrode/electrolyte interface.19,22 However, it is
usual double-layer capacitance activity for the AC electrode.
This journal is © The Royal Society of Chemistry 2018
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Table 2 Specific surface areas and pore characteristics of the prepared samples

Sample Dap (nm) SBET (m2 g�1) VTotal (cm
3 g�1) VMic (cm

3 g�1) VMic/VTotal (%) VMes (cm
3 g�1) VMes/VTotal (%)

MoS2 6.3 108.1 0.172 0.00781 4.55 0.0196 11.4
AC 5.8 297.5 0.431 0.0339 7.88 0.0847 19.7
MoS2/a-C 5.1 361.6 0.621 0.0700 11.27 0.138 22.1

Fig. 8 (a) CV curves of AC, MoS2, and the MoS2/a-C composite at 50mV s�1; (b) CV curves of the MoS2/a-C composite at different scan rates; (c)
GCD curves of AC, MoS2, and the MoS2/a-C composite at 0.5 A g�1; (d) specific capacitance at various current densities.
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Fig. 8d shows the variation of the specic capacitance with
increasing current density. The specic capacitance of the
MoS2/a-C composite is approximately 167.3 F g�1 at the current
density of 0.5 A g�1, correlating to a specic capacitance of 62.2
and 40.2 F g�1 for AC andMoS2 alone, respectively. These values
are agreement with the order suggested by the cyclic voltam-
mograms. Signicantly, the specic capacitance of the MoS2/a-
C composite remains as high as 96.4 F g�1, even at higher
Fig. 9 Nyquist plot of AC, MoS2, and the MoS2/a-C composite.

This journal is © The Royal Society of Chemistry 2018
current density of 10 A g�1, which indicates that the composite
has a good performance at high rate. The excellent electro-
chemical performance of the MoS2/a-C composite may be
ascribed to its unique microstructure. (1) The combination of
different sizes of pores for ion-buffering reservoirs increases the
diffusion rate of ions within the porous electrode material. (2)
The sizable specic surface area and the nanoscale size of MoS2
substantially lower the diffusion length for ions and electrons.
Fig. 10 Cycle stability of AC, MoS2, and the MoS2/a-C composite.
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Table 3 Comparisons between the MoS2/a-C composite and other carbon–MoS2 composites reported previously for supercapacitors
applications

Electrode materials Method Capacitance Capacitance retention References

Flower-like mesoporous MoS2/C composite Hydrothermal method 201.4 F g�1 at 0.2 A g�1 94.1% (1000 cycles) 62
Porous tubular C/MoS2 Templated method 210 F g�1 at 1 A g�1 105% (1000 cycles) 39
Rambutan-like MoS2/mesoporous carbon
spheres

Hydrothermal method 411 F g�1 at 1 A g�1 93.2% (1000 cycles) 63

Flower-like MoS2 nanospheres/carbon
nanotubes

Hydrothermal method 74.05 F g�1 at 2 A g�1 80.8% (1000 cycles) 64

Carbon–MoS2 yolk–shell microspheres Hydrothermal method 122.6 F g�1 at 1 A g�1 95% (3000 cycles) 65
MoS2/a-C composite Templated method 167.3 F g�1 at 0.5 A g�1 93.2% (1000 cycles) This work
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(3) The excellent interfacial contact between MoS2 and amor-
phous carbon expedites the rapid transportation of electrons
during the entire electrode matrix.

Fig. 9 shows the cycling performance of AC, MoS2, and the
MoS2/a-C composite at current density of 1 A g�1. For the AC
electrode, there is only a 2.6% decay in the specic capacitance
aer 1000 cycles, suggesting good structural stability of the
template carbon. For the MoS2 and MoS2/a-C electrodes, the
specic capacitance maintains at 87.1% and 93.2% aer iden-
tical cycles, respectively. Obviously, the cycling performance of
the composite is highly enhanced compared with that of pure
MoS2. The good cycling stability of the MoS2/a-C composite may
be due to the close combination of MoS2 and amorphous
carbon, which not just effectively prevents the restacking of the
MoS2 nanosheets, but also can accelerate ion/electron trans-
port. Moreover, amorphous carbon existing between MoS2
nanosheets can alleviate the structural stress changes that occur
during the repeated charge/discharge process.

To further study the electrochemical behavior of the three
electrodes, electrochemical impedance spectroscopy (EIS) was
performed. The impedance spectra in Fig. 10 is made up of one
semicircle at the high-frequency and then by a linear portion at
the low-frequency. The equivalent circuit for the Nyquist plots is
presented as an inset in Fig. 10. The rst intercept of the arc on
the real axis shows the value of the ohmic resistance of the
electrolyte and the internal resistance of the active materials,
and is indicated as Rs. The impedance arc in the high-frequency
region can be demonstrated by an interfacial faradic charge
transfer resistance (Rct) and a parallel constant phase element
(Cd) in the position of the double-layer capacitance. Aer the
arc, the straight line with a slope in the medium frequency
demonstrates the nite-length diffusion Warburg impedance
(Zw).60,61 Based on the Nyquist plots, the measured Rs of AC,
MoS2, and MoS2/a-C are 0.81 U, 1.92 U, and 0.97 U, respectively.
Moreover, the Rct values are 0.83 U for AC, 1.48 U for MoS2, and
1.23 U for the MoS2/a-C composite. Obviously, the Rs and Rct of
the MoS2/a-C composite electrode are larger than those of AC
but smaller than those of MoS2, revealing that compared with
pure MoS2, the electrical conductivity of the composite is
increased. These results show that the initiation of conducting
amorphous carbon not just elevates the charge transfer and
improves the specic capacitance, but also increases the
charge/discharge cycle life.
35678 | RSC Adv., 2018, 8, 35672–35680
Various types of carbon–MoS2 composites have been
synthesized by other methods. Table 3 shows the comparison of
electrochemical performances of various carbon–MoS2
composites for supercapacitors applications. Although the
performance of diatomite-templated MoS2/a-C composite is not
so outstanding, the template used is much cheaper than
synthesis templates and resource is abundant. Therefore, it
shows promising prospect in industrial applications.

Conclusions

In summary, we have prepared a MoS2/a-C nanocomposite
using diatomite as a template. The composite perfectly inherits
the structure of the template and forms new pores in the
process of pyrolysis. In the composite, amorphous carbon is
partially inserted into the interlayer spaces of the MoS2 layers,
increasing the distance of the original MoS2 layers and inhib-
iting the restacking of the MoS2 nanosheets along the (002)
plane. The established MoS2/a-C composite exhibits a great
specic capacitance (167.3 F g�1 at 0.5 A g�1), high-rate capa-
bility (96.4 F g�1 at 10 A g�1), and excellent cycling stability
(93.2% retention aer 1000 cycles), which are ideal for use of the
composite in supercapacitors. The unique microstructure and
the initiation of conducting amorphous carbon have a pivotal
part in the improvement of the supercapacitor performance of
the MoS2/a-C composite, which increases the charge transfer,
specic capacitance, as well as charge/discharge cycle life.
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45 O. Şan, R. Gören and C. Özgür, Int. J. Miner. Process., 2009,
93, 6–10.

46 A. Li, X. Chuan, Y. Yang, X. Cao, D. Huang and Z. Yang,
Electrochemistry, 2017, 85, 708–714.
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