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Abstract: Sulfur is a promising cathode material with a
high theoretical capacity of 1672 mAh g, but the
challenges of the low electrical conductivity of sulfur and
the high solubility of polysulfide intermediates still hinder
its practical application. The use of conductive carbon
framework is efficient and effective to obtain advanced
composite cathodes for lithium-sulfur batteries. However,
the loading amount of sulfur less than 70 wt% induces a
limited energy density, which hinders the practical
application of lithium-sulfur batteries. Herein, a scalable
and one-step method is employed for carbon
nanotube/sulfur composite cathode, in which aligned
CNTs served as interconnected conductive frameworks to
accommodate sulfur. The results of the SEM and XRD
measurements reveal that the CNTs serve as the cores and
are dispersed individually into the sulfur matrices; the
sulfur with a high loading content was efficiently utilized
for a lithium-sulfur cell with a much improved energy
density.

Key Words: sulfur battery; carbon nanotube; XRD;
SEM; energy density.

1. INTRODUCTION

Lithium-ion batteries are being increasingly used for
large-scale energy storage systems, driven by the growth
of markets such as electric vehicles and large scale
energy storage systems [1, 2]. Their practical use in these
new applications is still challenging, however, as long as
the attainable energy density of Li-ion batteries is
limited to their current forms. In this respect,
intercalation-based cathode materials have almost
approached their theoretical energy density limit [3-5].
It is anticipated that breakthroughs will probably come
from chemical transformation or conversion chemistry,
similar to the evolution of anodes from carbonaceous
materials that function on the basis of intercalation
chemistry, to conversion chemistry based on metal
oxides or lithium alloys [6]. Li-S batteries become one of

the most attractive candidates for the next generation
high-energy rechargeable battery because of their high
theoretical specific capacity (1675 mAh g1), high
theoretical energy density (2600 Wh kg1), and economic
cost [7-10].

Additionally, sulfur is abundant, low cost, and
environmentally friendly. Therefore, lithium sulfur
batteries have great potential for the next generation of
high energy density lithium batteries. However, the
lithium/sulfur battery systems investigated previously
have some critical problems [11-13]. First, elemental
sulfur is electrically and ironically insulating at room
temperature, which leads to poor electrochemical
performance and the low utilization of sulfur in the
cathode. Second, Li,S and other insoluble compounds are
generated and cover the active compounds during
cycling, which inhibit access to lithium ions. Third, since
the discharge process of the battery is composed of
many steps and generates various forms of soluble
intermediate lithium polysulfide, the liquid electrolyte
can dissolve and cause a rapid irreversible loss of sulfur
active materials over repeat cycles. Furthermore, the
spread of these polysulfide’s to the anode can lead to the
shuttle mechanism and this may cause more serious
capacity loss. Consequently, the battery suffers because
of the low utilization of active materials and because of
poor cycle life. Over the past few decades, these above
issues have been mitigated by moving from conventional
electrodes to sulfur-carbon composites, in which the
elemental sulfur is efficiently trapped within protecting
carbon matrixes of various configurations (such as
grapheme, [14,15] porous carbon, [16] and CNTs [17] ).

Alternatively, it has also been proposed to contain
sulfur in hollow carbon nanoparticles, as a method of
targeted design of porous materials that could; allow for
higher sulfur content while still retaining the benefits of
a porous carbon shell that inhibits polysulfide
dissolution [18-19]. Such mesoporous hollow carbon
capsules might offer advantages over other porous
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carbon materials, presenting a very attractive

conducting matrix for encapsulating sulfur.

Carbon nanotubes and carbon nanofibers, as
attractive matrices for sulfur, have attracted
considerable attention [20-23]. The intimate contact
between conductive nanotubes and sulfur can enable
fast electron and lithium ion transport in electrodes [24].
In addition, flexible carbon nanotubes can accommodate
the volume expansion of sulfur during cycling. Ji, Lee and
Nazar [25] have reported highly ordered mesoporous
carbon-sulfur electrodes exhibiting high pore volume,
uniform pore diameter and interconnected porous
structure by employing CMK-3, a well-known
mesoporous material. Their result shows that this
cathode renders a highly enhanced performance. Yuan et
al. [26] have taken advantage of the capillary effect
between the sulfur and MWCNTSs to construct a novel
electrode with carbon nanotube as the core. This
composite show a good cycle life compared to the
counterpart made by simply mixing sulfur with MWCNTSs
[22].

2. EXPERIMENTAL WORK

The composite of sulfur carbon nanotube is prepared
by solid state reaction. In this method sulfur and carbon
nanotube are taken for two different ratios, which are as
follows 6:4, 7:3 respectively. These different ratios of S
and CNT were ground together in mortar manually for
fifteen minutes. Then the precursor is transferred to
Teflon boat and kept at 155 C in furnace for 20 hours
under argon atmosphere. The S-CNT composites are
characterized by Fourier-transform infrared (FT-IR)
spectra were recorded using a (Thermo Nicolet 380
Corporation and KBr pellets). XRD measurements were
performed using a (PANalytical XPERT-PRO with Cu Ka
radiation) (XRD). The surface morphology of the
composites was obtained by scanning electron
microscopy SEM (FEG QUANTA 250).

3. RESULTS AND DISCUSSION
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Fig -1: XRD Pattern of a) elemental sulfur, b) CNT, c)
SCNT 64 and d)SCNT 73 composite

Figure 1 shows characteristic XRD spectra of related
materials. The reflections of the raw sulfur are consistent
with Fddd orthorhombic structure. Compared with the
pattern of the raw elemental sulfur, the XRD spectra of
the S-coated CNTs did not exhibit many changes except
for the appearance of the slight and broad CNTs peaks
centered at 2 8 =26". An XRD analysis of elemental sulfur
showed two prominent peaks at 26= 23" and 28°that
correspond to an Fddd orthorhombic structure. This
indicates that no phase transformation of sulfur occurs
during the preparation steps, and crystal structure of
sulfur still remains Fddd orthorhombic structure [26]
and reveals that the sulfur particles coated the surface of
the CNTs well.

Fig. 2 shows the FTIR spectra of the pristine CNTs, S-
CT73 and S-CT64 composite. The characteristic
vibrational modes of CNTs, C-C (~1650 cm'!) and O-H
(~3400 cm) were identified in all the composite and
the existence of O-H groups might be from ambient
atmospheric moisture tightly bound to CNTs [27]. The
peak around 1632cm™ and 1463 cm'! indicating the
existence of C-C stretching mode. The peak around 2922
cm! assigned to C-H asymmetric vibration which exists
in all the composites. The S-CT composite showed
similar characteristic peaks with the CNTs, manifesting
no chemical reaction occurring between sulfur and CNTs
during the melt-diffusion process [28].
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Fig -2: FTIR Spectrum of a) CNT, b) SCNT64 and
c)SCNT73 composite.

Scanning electron microscopy (SEM) images (Figure
3 & 4) show that the S and CNT are well intertwined.
This network facilitates electron transfer and provides
large interspaces to accommodate diverse materials,
including the active materials. In addition, CNT
provide a highly conductive, mechanically robust
structure that enables efficient sulfur utilization. The
mechanical robustness indicates its potential application
for flexible energy storage devices [29]. In contrast, the
S-CNT64, CNTs are aggregated in a small region with
diverse structure. In this structure, the aggregated CNT
having many interconnected pores is formed on the
sulfur, indicating a loosely packed nanostructure on
the surface. It can be seen that the CNT layer may
affect the enhancement of the electrochemical
performance of the composite [30].
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Fig -3 and 4: SEM images of SCNT64 and SCNT 73
composite

3. CONCLUSIONS

In summary, the sulfur/carbon nanotube composites
were synthesized by solid state reaction method with
different sulfur loadings. The structural characteristics
are beneficial for loading sulfur as well as ensuring good
conductivity of the carbon tube. This indicates that no
phase transformation crystal structure of sulfur still
remains Fddd orthorhombic structure. In morphological
study, the SCNT 73 composite implying the sulfur
particles are also embedded in the CNT matrix. The
favorable CNT may also increase the electrical
conductivity of the composite, but also allows
convenient transfer of Li-ion in the composite structure.
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