’// International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 04 Special Issue: 09 | Sep -2017

www.irjet.net

p-ISSN: 2395-0072

One Day International Seminar on Materials Science & Technology (ISMST 2017)
4th August 2017
Organized by
Department of Physics, Mother Teresa Women's University, Kodaikanal, Tamilnadu, India

STUDIES ON SULFUR BASED TERNARY COMPOSITE CATHODE
MATERIAL FOR LITHIUM SULFUR BATTERIES

K.Krishnaveni, G.Radhika, R.Subadevi, M.Sivakumar*

#120, Energy Materials Lab, Department of Physics, Alagappa University, Karaikudi-630 003, Tamil Nadu, India.
(* Corresponding Author: susiva73@yahoo.co.in (M.Sivakumar))

Abstract - Unique sulfur (S) anchoring materials and
the corresponding tools for subduing capacity are now
required to advance the performance of Li-S batteries. In
this work, carbon coated Sulfur / polymer composite was
prepared by solvent less reaction. The physical
characterizations of the prepared composite was
investigated using XRD, RAMAN and SEM. Raman analysis
specifies that D and G bands were well matched with the
sulfur based ternary composite. The functional group
vibration of the ternary composite was studied using FTIR.
The XRD pattern reveals that the diffraction peaks of
sublimed sulfur was clearly observed in the ternary
composite, which is due to the limited pore volume of the
carbon matrix. The prevailing study indicates that sulfur
based ternary composite is a promising candidate for the
cathode material mainly in Lithium Sulfur Battery.
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1. INTRODUCTION

Elemental sulfur has expected a great deal of
consideration recently as a promising cathode material
for lithium/sulfur (Li/S) batteries, due to its high
theoretical specific capacity of 1672 mAh g1 [1-3]. In
addition, sulfur also has advantages of low cost,
abundance in nature and eco friendliness [4]. However,
in spite of these advantages, the commercialization of
lithium sulfur batteries has a number of difficult
problems to overcome. Firstly, sulfur is electrical
insulating. Secondly, polysulfides, which are formed
during the discharge process of the Li/S battery, are
generally soluble in liquid electrolyte [5]. Tremendous
efforts have been made in recent years to overcome
these problems, such as forming sulfur/carbon or
sulfur/conductive polymer composites [6-10]. Among
them, the sulfur/ polymer composites with core-shell
structure in which sulfur is the core and polymers are
the shell, exhibited enhanced cyclability and rate
capability [11-12]. Polyvinylidene fluoride (PVDF) is

valued for its toughness, stability, low weight, low
thermal conductivity, high chemical corrosion resistance,
and heat resistance. PVDF is the standard binder
material used in the production of composite electrodes
for lithium-ion batteries. Additionally, PVDF is used
because it is chemically inert over the potential range
used, and does not react with the electrolyte or lithium.

In this work, sulfur/PVdF/Acetylene Black composite
cathode material was prepared by a low temperature
heat-treatment, which provided a homogeneous
distribution of sulfur, PVdF and AB in the system. This
technique is a simple and energy beneficial preparation
method due to its processing in the non-aqueous media.
The composition, structure and morphology of the
prepared composite were investigated. The preparation
of the obtained composite cathode material may be an
effective strategy to improve the sulfur utilization and
restrain the solubility of lithium polysulfides.

2. EXPERIMENTAL

Sublimed sulfur and PVdF was mixed with the weight
ratio of 4:1. After that high porous nature of carbon
source (Acetylene black) mixed with S/PVdF composite
in the ratio of 7:3. The resulting mixture was heated at
155°C for 20h. Then the material was cooled to room
temperature and SPA composite was obtained. Figure.1
shows the schematic diagram of SPA composite
preparation.
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Fig -1: shows the schematic diagram of S/PVdF/AB
composite preparation

3. RESULTS AND DISCUSSION

3.1 XRD Analysis
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Fig -2: XRD patterns of sublimed sulfur, pristine PVdF,
Acetylene black (AB) and SPA (S/PVdF/AB) composite

Figure 2 shows the XRD patterns of sublimed sulfur,
PVdF, AB and SPA composite. XRD pattern of the
commercialized Sulfur indicates high crystallinity and
phase purity. All of the identified peaks can be perfectly
indexed to orthorhombic phase of sulfur (JCPDS card no:
08-0247). The XRD pattern for PVdF exhibits the semi

crystalline nature of the polymer. The broad diffraction
humps indicates that the carbon source is an amorphous
nature. In contrast the diffraction peaks of sublimed
sulfur were clearly observed in the SPA composite which
is due to the limited pore volume of the carbon matrix.

3.2 Raman Analysis

Raman spectroscopy is an effective technique for
describing the structure and quality of carbon materials.
Fig.3 illustrates the Raman spectra for Pristine Sulfur,
PVdF, AB and SPA composite. The characteristic peak of
high purity carbon source exhibits at a ~1337cm-! (D
band) and at ~1588 cm-! (G band), the former is
assigned to disordered carbon and the latter represents
the graphitic carbon [13]. The pure sulfur exhibits a
characteristic peak below 500 cm that is originated
from the Al symmetry mode of the S-S bond [14].
Importantly, the sulfur in the SPA composite does not
show noticeable characteristic sulfur peaks, implying
that the sulfur was well wrapped by the carbon matrix.
The relative intensity ratio of Ip/I¢ is proportional to the
defect degree of carbon materials [15]. The intensity
ratio of D band and G band (Ip/Ig) for SPA is 0.85,
indicating a higher electronic conductivity [16].
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Fig -3: Raman spectra for pristine sulfur, PVdF, AB and
SPA composite
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3.3 Functional group analysis
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Fig -4: FTIR spectra for pristine sulfur, PVdF, AB and SPA
composite

Fig.4 shows that the FTIR spectra for pristine sulfur,
PVdF, AB and SPA composite in the wave number range
of 4000-400 cm-1. The peak around 3500 cm! indicates
the presence of OH functional groups, due to the
presence of moisture in the surface samples [17]. The
band located at 3023 cm-! and 2924 cm-! corresponds to
the CH, asymmetric and symmetric vibration of PVdF.
The absorption peak appeared at 1408 cm-!was
attributed to CH; wagging vibration. The C-C band of
PVdF was observed at 1190 cm-! [18]. The peaks at 884
and 882 cm-!were related to C-C-C asymmetrical
stretching vibration and CF stretching vibration of
PVdF [19]. In addition to that, the peak around 1600 cm'!
in the samples correspond to the -C=C- stretching
vibration. The positions of the absorption peak around
2300 cm? in the samples indicate C-H stretching
vibration. The peak below 500 cm- represents the
presence of elemental sulfur in the SPA composite [14].
Therefore, it could be concluded that the PVdF structure
is successfully obtained via solvent less reaction.

3.4 SEM Analysis
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Fig.5 SEM images of SPA composite

Fig.5 shows SEM images of SPA composite. From Fig,
it can be seen that no large bulk sulfur particles exist,
suggesting the sulfur is very well distributed in the SPA
composite. Carbon matrix cannot be identified in the
SEM images, owing to the low content of the carbon host
material in the SPA composite. This result is very well
agreed with XRD results.

4. CONCLUSIONS

Sulfur/ Poly (vinylidene) Fluoride composite was
prepared by a solvent less reaction and carbon host
matrix (Acetylene Black) was introduced as conductive
additives for SPA ternary composite cathode. From a
series of measurements, it showed that sulfur/ PVdF
composite was coated by carbon source and the
sublimed sulfur particles were uniformly dispersed.
Raman analysis specifies that D and G band was well
matched with the sulfur based ternary composite. The
XRD data reveals that the diffraction peaks of sublimed
sulfur was clearly observed in the ternary composite
which is due to the limited pore volume of the carbon
matrix. From FTIR spectra, characteristic peaks of PVdF
are also observed in the SPA composite, although with
reduced intensity due to the lower content of PVdF. In
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morphological study, no large bulk sulfur particles can
be easily observed on the surface of the SPA composite
implying the sulfur particles were also good dispersion
in the obtained sample which statement is very well
agree with XRD analysis. In summary, it could be
observed a simple approach to improve the composite
with suitable properties and superior performing Li-S
cells can be estimated for the application of high enegy
density batteries.

REFERENCES

[1]. Armand M, Tarascon ] M., Building better batteries
Nature, 2008, 451(7179): 652

[2]. Zhang Y G, Bakenov Z, Zhao Y, Konarov A, Doan T N
L, Sun K E K, Yermukhambetova A, Chen P. Effect of
nanosized Mg o6 Ni 04 O prepared by self-propagating
high temperature synthesis on sulfur cathode
performance in Li/S batteries, Powder Technol, 2013,
235:248

[3]. Zhao Y, Zhang Y G, Bakenov Z, Chen P,
Electrochemical performance of lithium gel polymer
battery with nanostructured sulfur/carbon composite
cathode, Solid State Ionics,2013, 234: 40

[4]. Song M K, Cairns E ], Zhang Y., Lithium/sulfur
batteries with high specific energy: old challenges and
new opportunities, Nanoscale, 2013, 5(6): 2186.

[5]- Yang Y, Zheng G Y, Cui Y. Nanostructured sulfur
cathodes, Chem Soc Rev, 2013, 42(7): 3018.

[6]. Wu F, Chen ] Z, Li L, Zhao T, Chen R J., Improvement
of rate and cycle performence by rapid polyaniline
coating of a MWCNT/sulfur cathode , ] Phys Chem C,
2011,115(49): 24411

[7]. Evers S, Nazar L F. ,Graphene-enveloped sulfur in a
one pot reaction: a cathode with good coulombic
efficiency and high practical sulfur content, Chem
Commun, 2012, 48(9): 1233

[8]. Fu Y Z, Manthiram A., Core-shell structured sulfur-
polypyrrole composite cathodes for lithium- sulfur
batteries RSC Adv, 2012, 2(14): 5927

[9]. Wang Z B, Zhang S C, Zhang L, Lin R X, Wu X M, Fang
H,Ren Y B., Hollow spherical carbonized
polypyrrole/sulfur composite cathode materials for
lithium/sulfur cells with long cycle life, ] Power Sources,
2014, 248: 337

[10]. Zhang Y G, Zhao Y, Konarov A, Gosselink D,
Soboleski H G, Chen P, A novel nano-
sulfur/polypyrrole/graphene nanocomposite cathode
with a dual-layered structure for lithium rechargeable
batteries, ] Power Sources, 2013, 241: 517

[11]. Shao ], Li X Y, Zhang L, Qu Q T, Zheng H H., Core-
shell sulfur@polypyrrole composites as high-capacity
materials for aqueous rechargeable batteries, Nanoscale,
2013,5(4): 1460

[12]. Wang ], Chen ], Konstantinov K, Zhao L, Ng S H,
Wang G X,Guo Z P, Liu H K, Sulphur-polypyrrole
composite positive electrode materials for rechargeable
lithium batteries, Electrochim Acta, 2006, 51(22): 4634

[13]. M.K. Song, Y.G. Zhang, E.]. Cairns, A Long-Life, High-
rate lithium/sulfur cell: a multifaceted approach to
enhancing cell performance, Nano Lett. 13 (2013) 5891.

[14]. A.T. Ward, Raman spectroscopy of sulfur, sulfur-
selenium, and sulfur-arsenic mixtures, J. Phys. Chem. 72
(1968) 4133.

[15]. D.H. Seo, A.E. Rider, Z.J. Han, S. Kumar, KK
Ostrikov, Plasma break-down and re-build: same
functional vertical graphenes from diverse natural
precursors, Adv. Mater. 25 (2013) 5638.

[16]. Z. Li, L.X. Yuan, Z.Q. Yi, Y.M. Sun, Y. Liu, Y. Jiang, Y.
Shen, Y. Xin, Z.L.Zhang, Y.H. Huang, Insight into the
electrode mechanism in lithium-sulfur batteries with
ordered microporous carbon confined sulfur as the
cathode, Adv. Energy Mater. 4 (2014) 1301473.

[17]. J. D. Liu, X.S.Zheng, Z.F.Shi, S.Q.Zhang, Sulfur
/mesoporous carbon composites combined with -MnS
as cathode materials for lithium/sulfur batteries, ].Ionics
(2014), 20:659-64.

[18]. A. Rahimpour, S.S. Madaeni, S. Zereshki, Y.
Mansourpanah, Preparation and characterization of
modified nano-porous PVDF membrane with high
antifouling property using UV photo-grafting, Applied
Surface Science, 255 (2009), 7455-7461

[19]. S. Gu, G.H. He, XM. Wu, ZW. Hu, L.L. Wang, G.K.
Xiao, L. Peng, Preparation and characterization of
poly(vinylidene fluoride)/sulfonated poly(phthalazinone
ether sulfone ketone) blends for proton exchange

membrane, Journal of Applied Polymer Science, 116
(2010), 852-860.

© 2017,IRJET | ImpactFactorvalue: 5.181

ISO 9001:2008 Certified Journal | Page 254


http://www.sciencedirect.com/science/article/pii/S0032591012007000
http://www.sciencedirect.com/science/article/pii/S0032591012007000
http://www.sciencedirect.com/science/article/pii/S0032591012007000
http://www.sciencedirect.com/science/article/pii/S0032591012007000
http://www.sciencedirect.com/science/article/pii/S016727381300009X
http://www.sciencedirect.com/science/article/pii/S016727381300009X
http://www.sciencedirect.com/science/article/pii/S016727381300009X
http://pubs.rsc.org/en/content/articlehtml/2013/nr/c2nr33044j
http://pubs.rsc.org/en/content/articlehtml/2013/nr/c2nr33044j
http://pubs.rsc.org/en/content/articlehtml/2013/nr/c2nr33044j
http://pubs.rsc.org/is/content/articlehtml/2013/cs/c2cs35256g
http://pubs.rsc.org/is/content/articlehtml/2013/cs/c2cs35256g
http://pubs.acs.org/doi/abs/10.1021/jp207893d
http://pubs.acs.org/doi/abs/10.1021/jp207893d
http://pubs.acs.org/doi/abs/10.1021/jp207893d
http://pubs.rsc.org/is/content/articlehtml/2012/cc/c2cc16726c
http://pubs.rsc.org/is/content/articlehtml/2012/cc/c2cc16726c
http://pubs.rsc.org/is/content/articlehtml/2012/cc/c2cc16726c
http://www.sciencedirect.com/science/article/pii/S0378775313015371
http://www.sciencedirect.com/science/article/pii/S0378775313015371
http://www.sciencedirect.com/science/article/pii/S0378775313015371
http://www.sciencedirect.com/science/article/pii/S0378775313007829
http://www.sciencedirect.com/science/article/pii/S0378775313007829
http://www.sciencedirect.com/science/article/pii/S0378775313007829
http://www.sciencedirect.com/science/article/pii/S0378775313007829
http://www.sciencedirect.com/science/article/pii/S001346860600034X
http://www.sciencedirect.com/science/article/pii/S001346860600034X
http://www.sciencedirect.com/science/article/pii/S001346860600034X

’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

IR]E"I-“ Volume: 04 Special Issue: 09 | Sep -2017 www.irjet.net p-ISSN: 2395-0072
One Day International Seminar on Materials Science & Technology (ISMST 2017)
4th August 2017
Organized by

Department of Physics, Mother Teresa Women'’s University, Kodaikanal, Tamilnadu, India

BIOGRAPHIES

Krishnaveni Kalaiappan is a
Research scholar in Alagappa
University, Karaikudi. Her research
interests are electrolytes and
electrodes for Li-ion and Li-S
batteries.

Radhika Govindaraju is pursuing
Ph.D., student in Alagappa
University, Karaikudi. Her research
interests focus on Nano materials
and electrode materials for high
energy density batteries.

Subadevi Rengapillai received his
Ph.D. in Alagappa University, and
currently she is working Assistant
professor in Alagappa University,
Karaikudi. Her research interests
focus on rechargeable Batteries,
Super capacitors, Nano materials
and Bio-diesel. She has published
more than 39 papers in
international journals.

Sivakumar Marimuthu received
his Ph.D. in Alagappa University,
and then Post-Doctoral Fellow in
National Taiwan University, Taipei.
Currently, he is now an Assistant
professor in Alagappa University,
Karaikudi. His research interests
are in the areas of Batteries (Li-ion,
Li-S and Na-ion), Super capacitors,
Bio-fuels and Nano materials. He
has published more than 41 papers
in international journals.

© 2017,IRJET | ImpactFactorvalue:5.181 | 1SO9001:2008 Certified Journal | Page 255



