JJSRST

© 2018 IJSRST | Volume 4 | Issue 9 | Print ISSN : 2395-6011 | Online ISSN : 2395-602X

Themed Section: Science and Technology

Electrochemical Investigations on Poly (ethylene oxide)-
Based Nanocomposites laden with BaTiO3-Grafted-Graphene
oxide

S.Padmaja?, Suryasarathi Bosez?, R. Nimma Elizabeth!*
!Department of Physics, Lady Doak College, Madurai, Tamil Nadu, India
2Materials Engineering Department, Indian Institute of Science, Bangalore, Karnataka , India

ABSTRACT

Nanocomposite polymer electrolytes (NCPE) comprising poly(ethylene oxide)(PEO), lithium trifluro methane

sulphonate (LiCF3SO3) and barium titanate-grafted-graphene oxide (BaTiO3-g-GO) were successfully prepared

by a simple hot-press technique. The ionic conductivity was increased up to one order upon addition of

BaTiO3-g-GO in the polymeric matrix. The membranes were subjected to themogravimetric, tensiles.

Appreciable ionic conductivity, thermal stability and mechanical properties qualify these membranes as

electrolytes for all-solid-state-lithium batteries.
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I. INTRODUCTION

The increasing demand for energy due to fluctuation
in oil prices and global warming has promoted
researchers to find alternative energy resources across
the world!2. Electrochemical devices such as batteries,
super capacitors, fuel cells are identified as strong
contenders to fulfill the energy demands for the
development of high performing materials have
increased exponentially in past two decades’.
Rechargeable lithium-ion batteries are considered as a
potential system not only for consumer electronics but
also for hybrid electric vehicles and stationary power

grid applications*®.

The

composed of carbonaceous anode (LiCe) and a lithium

state-of-the-art lithium-ion Dbatteries are

transition metal oxide cathode separated by a
polyolefin membrane soaked in a mnon-aqueous
electrolyte’”$. However, this system suffers from poor
safety problems due to the presence of volatile and
flammable organic solvents present in the electrolyte

solution. The solid polymer electrolyte on the other
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hand has

counterpart such as no-leakage of electrolyte, flexible

several advantages over its liquid
geometry, high energy density, and better safety®!°. In
particular, the lithium polymer battery with lithium
metal as anode is in focus of many researchers due to
the unique properties of lithium metal such as low
atomic weight(6.99 g mol™), high electro negativity (-

3.05 V vs. SHE) and specific capacity(3.76 Ah g)!'.

The dry solid polymer electrolyte, for example
poly(ethylene oxide) PEO based systems comprising a
polymer host and a lithium salt (LiX) exhibit very low
ionic conductivity(10® S cm)at 25°C which excludes
it from ambient temperature applications'?. Although
the appealing properties of gel polymer electrolyte
such as high ionic conductivity (order of 103 Scm! at
30°C) and transport numbers permit them to qualify as
a potential candidate for room temperature
applications, its poor mechanical integrity hampers it
from commercialization'3 . Interestingly, in order to
overcome these drawbacks nanoparticle ceramic
fillers such as AlOs, SiO2, and TiO: were added in

PEO-based electrolytes'®. The addition of inert fillers
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not only increases the amorphous phase of the
polymeric host but also promotes its electrochemical
property and mechanical integrity!'’?!. The degree of
enhancement, however, mainly depends on the
nature of the ceramic filler and its surface states?2.

It has also been demonstrated that nanosized particles
with Lewis-acidic surface properties received much
attention in an attempt to increase the ionic
conductivity and their large surface-to-volume ratio
stabilizes the electrolyte/lithium interface?. Takeda et
al?* reported the electrochemical properties of mixed-
phase electrolytes compromising BaTiOs, PbTiOs and
LiNOs. The same group has reported the cycling
behavior of Li/PEO+BaTiO3+LiCF3SOs3?. However, the
cycling profile was found to be poor even at 70°C. The
authors have also reported the interfacial properties of
BaTiO3-g-GO added PEO based electrolytes with

different lithium salts?¢.

In the present work, a unique hybrid nanoparticle
consisting of BaTiOs which is chemically coupled to
graphene oxide (GO) sheets was synthesized and
employed as a filler?”?, This hybrid particle was
suitably incorporated in a PEO matrix along with a
lithium salt to design polymer electrolytes for all-
solid-state lithium-batteries and its physical, thermal

and electrochemical properties are studied.

II. METHODS AND MATERIAL

A. Preparation of NCPE

The nanocomposite polymer electrolyte (NCPE)
samples were prepared by a simple hot press
technique as reported earlier?. The electrolytes were
prepared for the various compositions of PEO,
LiCF3SOs3, BaTiO3-g-GO as displayed in Table 1.
Briefly; all components, namely the selected LiCF3SOs,
PEO and filler (BaTiOs3-g-GO) were dissolved in an
anhydrous acetonitrile. The total weight of polymer,
inert filler and lithium salt was set to be 100% by
weight. The solution was continuously stirred in a

magnetic stirrer for 6 hours at room temperature. The
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viscous solution was cast as a membrane. Upon
evaporation of solvent the precursor was hot-pressed
in order to get a uniform membrane. The thickness of
the membrane was between 50-60pm. Subsequently,
this membrane was stored in a vacuum oven for

further characterization.

Table 1. Composition of PEO,LiCF3SO3,BaTiOs-g-GO

Sample | PEO LiCF3SOs | BaTiOs-g-
wt(%) | wt(%) GO

S1 98 2 0

S2 95 3 2

S3 90 5 5

S4 85 10 5

S5 80 12 8

B. Characterization of NCPE

In the present study sample S5 was used for both
physical and electrochemical characterizations as this
sample was found to be optimal in terms of ionic
conductivity. The ionic conductivity of the samples

was measured by sandwiching the samples between

two stainless steel blocking electrodes. The
measurements  were  performed  using an
electrochemical impedance analyzer (Bio-Logic

InstrumentSP-31, France) between 100 kHz and 50
mHz for different temperatures between 30°C and
60 °C.

Thermogravimertic analysis (SIINT 6300, Japan) was
performed between room temperature and 800°C at a
heating rate of 10°C/min. The tensile strength of
nanocomposite membrane was determined by a
tensile machine (Tinus Olsen) with a constant cross-
head speed of 10 mm min'. The sample was prepared
according to ASTM standard D368.
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III. RESULTS AND DISCUSSION

A. Tonic Conductivity

The conductivity of the polymer electrolyte can be
calculated from the equation o= L/(AR), where A is
the area of the electrode, L is the thickness of the film

and R is the bulk resistance.

The ionic conductivity of NCPEs as a function of
inverse temperature for various concentrations of
PEO, LiCF3SOs and BaTiOs-g-GO are depicted in
Figure 1.
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Figure 1. Variations of ionic conductivity as a function

of inverse temperature of NCPE’s

The ionic conductivity increases with the increase of
temperature and also with the increase of BaTiOs-g-
GO content. The ionic conductivity varies from 10-
>Scm to 10 Scm™ for the sample S1(PEO+LiCF3SOs)
to S5 (PEO+LiCF3SOs+ BaTiOs-g-GO). Irrespective of
the concentration of BaTiO3-g-GO and LiCF3SOs
content all curves show a remarkable change in the
slope at 50 °C beyond, which indicates the well-
known transition of PEO from the crystalline to the
amorphous phase. The incorporation of BaTiOs3-g-GO
polymeric matrix has significantly increased the ionic
conductivity of the NCPE. An increase of two order
magnitude, in ionic conductivity is observed when the
content of BaTiO3-g-GO was 8 % (sample S5).
the NCPE materials the

conductivity is not a linear function of filler

Generally, for ionic
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concentration. At lower concentration, diffusion
effect takes place which tends to depress the ionic
conductivity and is effectively opposed by specific
interactions of Li* - ions and thus promoting fast ionic
filler the

conductivity is reduced due to the predominant

transport. At very higher content,
dilution effect. Thus the maximum ionic conductivity
is achieved only in the concentration ranging between
2 and 8 wt.% however, it is mainly influenced by the

nature of the filler.

Generally, Lewis acid groups of the added filler may
compete with the Lewis acid lithium cations for the
formation of complexes with the alkoxide of the PEO-
chains, as well as with the anions of added LiCF3SOs.
This results in structural modifications of filler
surfaces due to the specific actions of the polar surface
groups of the inorganic filler. The Lewis acid-base
interaction centers on the electrolyte species, thus
lowers the ionic coupling, and the salt dissolutions is
promoted by the formation of “ion-filler complex” 27-%,
At higher filler content, the conductivity is reduced

due to the predominant dilution effect.

In the present study, the observed increase in ionic
conductivity is attributed to the interaction of Lewis
acidic center of BaTiOs3-g-GO with anions of the
LiCF3SOs salt which reduces the crystallinity of the
polymeric host?”3!. This reduction in the value of
crystallinity could be the reason for the increase in
ionic conductivity. The activation energy was
calculated for the various samples. When the salt
concentration of LiCF3SOs was increased, activation
energy decreases which indicates that the Li* ions are
able to migrate from one site to another site even at
lower energy. The activation energy Ea has been
calculated for the samples S1 and S5 as 0.6 keV and 0.2
keV respectively which further substantiates our

conductivity data®.

o8 L




R. Nimma Elizabeth et al. Int J S Res Sci. Tech. 2018 July-August-201; 4(9) : 87-92

B. TG Analysis

The TG traces of nanocomposite polymer electrolyte
samples S1 (PEO+LiCF3S0s3) S5
(PEO+LiCF3SO3+BaTiO3-g-GO) are depicted in Figure

2. The TG curve shows a small endothermic

and

peak below 50°C with a corresponding weight loss of 2%
for S1 sample which is attributed to the removal of

superficial moisture.
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Figure 2. TG traces of Samples PEO,S1,S5

The weight loss occur at 70°C, is due to the melting of
PEO and no significant peak was observed until 170°C.
On the other hand, for the NCPE (sample S5) the
irreversible decomposition starts at 310°C. This
apparent increase in the thermal stability of NCPE is
attributed to the shielding effect offered by added
BaTiOs-g-GO. A similar observation has been reported
by Angulakhsmi et al. where the authors studied the
thermal stability of MgAl:O4 composite polymer

electrolytes333+

C. Tensile Study

The of sample S1
(PEO+LiCF3SOs)and S5 (PEO+LiCF3SOs+BaTiOs-g-GO)
are displayed in Figure 3. The tensile strength of

stress-strain  behavior

sample S1 is 1.7MPa with an elongation-at-break
value 6%. Upon addition of 8% BaTiOs3-g-GO the
elongation-at-break is increased to 32% with a
reduction in the mechanical strength (0.8 MPa). This
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reduction in mechanical strength was attributed from
the plasticization of PEO matrix by BaTiOs-g-GO%®.
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Figure 3. Stress vs. strain behavior of S1 and S5 at
25°C.

IV. CONCLUSION

The NCPE’s composed of PEO+LiCFsSOs
BaTiO3-g-GO were prepared by a simple hot press

+

technique and were subjected to physical and
Both

conductivity and thermal stability of polymeric

electrochemical characterizations. ionic

membrane were increased upon addition of
BaTiOs3-g-GO in the polymeric matrix. Among the
samples analyzed the polymeric membrane with
the composition of PEO: LiCF3SOs: BaTiOs3-g-GO
(80:12:8) was found to be optimal in terms of ionic

conductivity.
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