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Nanocomposite polymer electrolytes (NCPE), with different proportions of poly(ethylene oxide)/LiClO4/
chitin were prepared by a hot press method. Nanochitin, a biopolymer, poly(�-(1f4)-N acetyl-D-glucosamine)
was incorporated as a filler in poly(ethylene oxide) (PEO). The ionic conductivity of the composite polymer
electrolytes was enhanced by one order upon addition of nanochitin. The lithium transference number, tLi

+,
was increased from 0.24 to 0.51 upon chitin addition. The membranes were subjected to scanning electron
microscopy, thermogravimetric-differential thermal analysis, differential scanning calorimetry, ionic
conductivity, and Fourier transform infrared (FTIR) spectroscopy analysis. The free volume Vf was probed
by positron annihilation lifetime spectroscopy studies at 30 °C. Li/NCPE/Li symmetric cells were assembled,
and the thickness of the solid electrolyte interface as a function of time was analyzed. This paper also describes
FTIR spectroscopic studies of the interface between lithium metal and NCPE, which suggests that the surface
chemistry of lithium electrodes in contact with NCPE is dominated by compounds with C-N-Li and C-O-Li
bonding.

1. Introduction

Rechargeable lithium batteries have become the sources of
choice not only for portable electronic devices (laptop comput-
ers, mobile phone etc.) but also for hybrid electric vehicle
applications.1-3 Commercially available lithium-ion cells employ
a lithium-intercalating polycrystalline oxide as the cathode and
a carbon anode with a nonaqueous liquid electrolyte. The liquid
electrolyte is a cause for concern, and its flammability during
inadvertent cell abuse can lead to safety hazards.4 However,
this problem can be circumvented by replacing liquid electro-
lytes with solid polymer electrolytes.

Advantages such as nonleakage of electrolyte, high energy
density, flexible geometry, and improved safety characteristics
have led to an unprecedented interest in the development of
polymer electrolytes for lithium batteries. Polymer electrolytes
can be broadly classified into three types: (i) dry, (ii) gel, and
(iii) composite polymer electrolytes. The ionic conductivity of
dry polymer electrolytes can reach reasonably high values (i.e.,
on the order of 10-4 S cm-1) only at temperatures above 90
°C.5 In the last two decades numerous attempts have been made
to improve the ionic conductivity at ambient and subambient
temperatures.6,7 One of the best approaches involves addition
of low molecular weight plasticizers such as ethylene carbonate,
propylene carbonate, etc. to the polymer matrix.8 Although,
addition of plasticizers enhances the ionic conduction of the
system significantly, the mechanical robustness of membranes
is adversely affected.

Further more, the plasticizers react with the lithium metal
anode and deteriorates its surface, resulting in serious problems
regarding battery cyclability and safety. Recent studies reveal
that only ceramic/inert filler (ZrO2, SiO2, Al2O3) -incorporated

composite polymer electrolytes can offer safe and reliable
batteries.9,10 The concept of incorporating inert fillers into the
polymer-LiX salt complexes is not new. This procedure has
already been adopted successfully to enhance the mechanical
stability (brought about by a network of filler particles in the
polymer matrix), improve compatibility of solid polymer
electrolytes with lithium metal anode, as well as to achieve high
ionic conductivity.10 Polymer hosts investigated so far include
poly(ethylene oxide) (PEO), poly(propylene oxide) (PPO),
poly(acrylonitrile) (PAN), poly(methyl methacrylate) (PMMA),
poly(vinyl chloride) (PVC), poly(vinylidene fluoride) (PVdF)
and poly(vinylidene fluoride-hexafluoro propylene) (PVdF-
HFP).11-13 Poly (ethylene oxide) as a host has been most
extensively studied for battery applications.

PEO chains adopt a helical conformation with all the C-O
bonds in trans and the C-C bonds in either gauche or gauche
minus configuration.14 In this geometry, cations can be located
in each turn of the helix and are coordinated by three ether
oxygens. However, the basic structure of the host is retained
for all sizes of anions. In the present study, chitin was employed
as inert filler for the first time. Chitin, poly(�-(1f4)-N-acetyl-
D-glucosamine), is the most abundant biopolymer after cel-
lulose.15 Chitin occurs as ordered crystalline microfibrils and is
useful in applications that require reinforcement and strength.
Chitin is available in two allomorphs, namely, R and � forms,
which can be differentiated by infrared, solid-state nuclear
magnetic resonance (NMR), and X-ray diffraction (XRD)
spectroscopies.16 Chitin has low toxicity and is biodegradable
and antibacterial. It also possesses gel-forming properties and
finds applications not only in the food industry, but also in
biosensors.17 To the best of our knowledge, chitin has never
before been investigated as filler in nanocomposite polymer
electrolytes for battery applications. Recent studies indicate that
membranes prepared by conventional solvent casting method
lead to poor interfacial properties at the lithium/polymer
electrolyte interface.18 Impurities, mostly the traces of solvent,
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are trapped in the high surface area, nanosized inert fillers in
solvent-cast electrolytes, even after prolonged drying.18 Hence,
in the present study the hot press technique was employed for
the preparation of nanocomposite polymer electrolytes.

2. Experimental Procedure

2.1. Synthesis of Nanochitin. The chitin precursor was
purchased from local sources in India and was boiled and stirred
with a 5% aqueous solution of KOH for 6 h in order to remove
most of the proteins. Subsequently, it was washed with distilled
water and dried. This process was repeated three times. The
sample was then bleached with 17 g of NaCl in 1 L of water
containing 0.3 M sodium acetate buffer for 6 h at 80 °C. The
bleaching solution was changed every 2 h. The chitin suspension
was then kept in 5% KOH for 72 h to remove any residual
protein, centrifuged at 3000 rpm/min for 20 min, and hydrolyzed
with 3 N HCl under stirring for 1.5 h. After hydrolysis, the
suspension was transferred to a dialysis bag and dialyzed for
24 h until its pH reached a value of 6. The pH of the suspension
was adjusted to 3.5 with HCl. The dispersed whiskers were
treated ultrasonically and were filtered to remove residual
aggregates. The resulting nanochitin was preserved in a
refrigerator with sodium azoture as a protectant against
microorganisms.

2.2. Preparation of Nanocomposite Polymer Electrolytes.
PEO (Aldrich) and lithium perchlorate, LiClO4 (Merck), were
dried under vacuum for 2 days at 50 and 100 °C, respectively.
Nanochitin was also dried under vacuum at 50 °C for 5 days
before use. Nanocomposite polymer electrolytes were prepared
by dispersing appropriate amounts of chitin in PEO - LiClO4

(Table 1) and hot-pressing into films as described elsewhere.18,19

The nanocomposite electrolyte films had an average thickness
of 30-50 µm. This procedure yielded homogeneous and
mechanically strong membranes, which were dried under
vacuum at 50 °C for 24 h for further characterization.

2.3. Electrochemical Characterization. The ionic conduc-
tivity of the membranes sandwiched between two stainless steel
blocking electrodes (1 cm2 diameter) was measured using an
electrochemical impedance analyzer (IM6-Bio Analytical Sys-
tems) in the 50 mHz to 100 kHz frequency range at various
temperatures (0, 15, 30, 40, 50, 60, 70, and 80 °C). Symmetric
nonblocking cells of the type Li/NCPE/Li were assembled for
compatibility, which was investigated by studying the time-
dependence of the impedance of the systems under open-circuit
potential at 80 °C.

The lithium transference number was calculated by the
method proposed by Vincent and co-workers.20 The following
formula was adopted to measure the lithium transference
number.7,21

The Li/NCPE/Li cell was polarized by a dc pulse of 10
mv. Time evolution of the resulting current flow was then
followed. The initial (I0) and steady state (Iss) values of current
flowing through the cell during the polarization were measured.
R0 and Rss represent the resistance values before and after the
perturbation of the system. Impedance spectra were made before
and after the pulse application in order to correct the changes.

Morphological examination of the films was made by a
scanning electron microscope (FE-SEM, S-4700, Hitachi) under
a vacuum condition (10-1 Pa) after sputtering gold on one side
of the films. Differential scanning calorimetry (DSC) measure-
ments were performed at a rate of 10 °C min-1 between 20 and
250 °C, and in TG-DTA the temperature range was 20-300
°C. The lithium/ polymer electrolyte interface was analyzed
using Fourier transform infrared spectroscopy (FTIR, Thermo
NICOLET Corporation, Nexus Model -670) by single internal
reflection (SIR) mode.22 The infrared spectra were obtained at
ambient temperature with an 8 cm-1 resolution. Positron
annihilation lifetime spectroscopy (PALS) measurements were
made using a 22Na source (ORTEC) with a resolution of 250
ps. The data were collected at 30 °C on a 70 µm thick
nanocomposite polymer membrane, and the spectrum was
analyzed by the PATFIR-88 program.

3. Results and Discussions

3.1. Ionic Conductivity. Panels a and b in Figure 1 are the
plots of conductivity as a function of the reciprocal of the
temperature for different concentrations of LiClO4 and chitin,
respectively. To highlight the influence of chitin on ionic
conductivity, a plot for filler-free sample is also given. The
results presented are averages of two cells for each NCPE
sample. It is seen from Figure 1a that the ionic conductivity
increases with increase in temperature and salt concentration.
All the curves (Figure 1a) show a slow and continuous change
in the slope up to around 60 °C, beyond which there is a
remarkable change in slope, reflecting the well-known transition
from the crystalline to the amorphous phase of PEO. This
transition contributes to an increase in ionic conductivity. These
results are in accordance with those reported on PEO-based
polymer electrolytes with lithium imide anions.23-25 Figure 1b
clearly illustrates that incorporation of nanochitin fillers en-
hanced the ionic conductivity up to one order of magnitude.
The corresponding Nyquist plots are shown in the inset.

According to Wieckzorek et al.,26,27 the Lewis base reactions
between the filler surface and the PEO segments may induce
structural modifications in the polymer matrix. The Lewis acid
character of the added ceramics (γ-Al2O3) would compete with
the Lewis acid character of lithium cations for the formation of
complexes with the PEO chains. In the present study, chitin
would act as cross-linking centers for the PEO segments, which
lowers the polymer chain reorganization tendency, thus promot-
ing an overall stiffness to the structure. However, the resulting
structure provides Li+-conducting pathways at the filler surface
and enhances ionic transport.27

3.2. Lithium Transference Number. Although high ionic
conductivity, enhanced thermal stability, and good compatibility
with lithium electrodes are desirable properties, they are not
sufficient enough to make a membrane useful for practical
applications. The fraction of the current carried by Li+ ions
through the polymer electrolyte is determined in the performance

TABLE 1: The Composition of Polymer, Chitin, and
Lithium Salt

sample polymer (wt %) chitin (wt %) LiClO4 (wt %)

S1 95 0 5
S2 90 5 5
S3 85 10 5
S4 75 17 8
S5 70 20 10
S6 94 5 1
S7 93 5 2
S8 92 5 3
S9 91 5 4

tLi
+ )

Iss(V-I0R0)

Io(V-IsRss)
(1)
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of lithium batteries. The effective cationic conductivity is
generally expressed by the relation

where σTotal is the total conductivity.18 To understand the
effectiveness of chitin in enhancing ionic conductivity the
transference number studies were carried out on samples S1
and S5 at 80 °C, a temperature that is found to be optimal from
a conductivity point of view for practical applications. The Li+

transference numbers for samples S1 and S5 were found to be
0.24 and 0.50, respectively. According to Capiglia et al.,24 who
reported the transference numbers in the P(EO)20-LiBETI-SiO2

system, increase in transference number for Li+ ions was due
to moisture trapped in the nanoparticles of SiO2. In the present
study, since the NCPE were prepared by a hot press technique
with dry constituents, the increase in transference number may

be attributed to increased salt dissociation due to the formation
of ion-chitin complexes by Lewis acid-base interactions
between the surface groups of the chitin and anions.28

3.3. Interfacial Properties of Li/NCPE/Li Cells. Lithium
is an attractive anode metal with a theoretical capacity of 3862
mA h g-1. However, its cyclability is limited by dentritic
deposition upon recharge. Moreover, lithium is lost in every
cycle due to the formation of a solid electrolyte interphase (SEI)
with the electrolyte. Thus, the interfacial properties of lithium
metal anodes in contact with the electrolyte are critical in
practical applications. Numerous studies have been made on
the charge-discharge characteristics of lithium anode.29-31

However, only a few studies have been devoted to the interface
properties of lithium and lithiated carbon electrodes in contact
with solid polymer electrolytes. Specifically, there is hardly any
report on this structure of the interphase between lithium metal
and NCPE. Infrared spectroscopic measurements provide in-
formation on the surface chemistry of lithium metal (chemical

Figure 1. (a) Ionic conductivity as a function of temperature for different concentrations of LiClO4. (b) Ionic conductivity as a function of temperature
for different lithium salt concentrations. Inset: Nyquist plot of samples S1 and S5 at 30 °C.

σLi
+)tLi

+σTotal (2)
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composition) upon contact with polymer electrolyte. The solid
polymer electrolyte-lithium interface plays a vital role in the
electrochemical behavior of the lithium-polymer cells.32 Major
techniques for studying the interface are FTIR, XPS, and energy
dispersive x-ray analysis (EDAX). Techniques such as AES and
Raman spectroscopy may also be useful, although they may be
destructive to the lithium metal surface.33,34

Panels a and b in Figure 2 show the Cole-Cole impedance
spectra of Li/NCPE/Li with chitin-free and chitin-added mem-
branes for different storage times at 80 °C under open-circuit
conditions. In the present study, sample S5 was employed, as
it exhibited the maximum ionic conductivity. The shape of the
impedance response is similar for both the polymer electrolytes.
Figure 3 shows the variation of interfacial resistance as a
function of time of the Li/NCPE/Li symmetric cells at 80 °C.
It is clear from the figure that the interfacial resistance of chitin-
added sample is substantially lower than that of the filler-free

sample. Furthermore, the interfacial resistance remained stable
over long periods of storage (240 h).

The thickness of the SEI was measured using the relationship35

where A is the area of the electrode surface, Ri the interfacial
resistance, fmax is the frequency maximum, and ε0 and εr

correspond to the permittivity of air and the lithium material,
respectively. The value of εr for lithium-based materials is taken
as 10.35 In the present study the average thickness of the SEI
was calculated to be on the order of 5-10 Å for both membranes
with and without chitin. According to Aurbach et al.,22 the
interfacial resistance of Li electrodes developed during storage
time is primarily due to differences in the resistivity of the films
formed rather than due to differences in their thickness. The
thickness of the SEI layers in the present study is comparable
to that of plasticized PEO/LiClO4 complexes.36

Figure 4a shows the FTIR spectrum of nanocomposite
electrolyte comprising PEO + LiClO4 + chitin (sample S5).
The FTIR spectra obtained with a lithium electrode in contact
with PEO + LiClO4 and PEO + chitin + LiClO4 polymer
membranes (through KBr window) at room temperature are
shown in panels b and c in Figure 4. In the spectra shown in
panels b and c of Figure 4, the original features belonging to
the polymer electrolytes not only disappeared, but new peaks
have arisen. In Figure 4b the peak that appears at 3670 cm-1 is
attributed to a -OH group. On the other hand, when a chitin-
incorporated composite electrolyte comes into contact with the
lithium metal anode, new peaks appear at 1077 and 1204 cm-1.
The peak that appears at 1077 cm-1 is attributed to -C-O-Li,
whereas the one at 1204 cm-1 is due to -C-N-Li.37 Moreover,
the peaks appearing between 1400 and 1455 cm-1 are attributed
to -CdO and -CH2dCH3.35 It is significant that in the present
study no predominant peak that normally appears around 1100
cm-1 and is attributable to the reduction of LiClO4 to LiClOy

species is present.22

According to Shin and co-workers,18 commercially available
PEO contains about 1 wt % of calcium compounds originating
from the neutralization of the catalyst used in its synthesis. The
CaO particles are very small and are intimately mixed with the
PEO. PEO also contain up to 3 wt % of fumed silica, which is
used to modify the fluidity of the polymer powder during

Figure 2. (a)Selected impedance spectra of Li/PEO + LiClO4/Li cells
at 80 °C under open-circuit condition. (b) Selected impedance spectra
of Li/PEO + chitin + LiClO4/Li cells at 80 °C under open circuit
condition.

Figure 3. Interfacial resistance as a function of time for the sample
S1 (without chitin) and S5 (with chitin).

t ) 2πfmaxε0εrARi (3)
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synthesis. Furthermore, these constituents may react with lithium
and lead to the formation of new compounds on the metal
surface.

3.4. FT-IR Analysis. Being sensitive to molecular and
structural changes in the polymer electrolyte systems, FT-IR
has been identified as a powerful tool to study the complexation
between salts and polymers. Traces a-d in Figure 5 show,
respectively, the IR spectra of PEO, chitin, PEO + LiClO4, and
PEO + chitin + LiClO4. The band in Figure 5a that appears at
2886 cm-1 can be assigned to the -C-H stretching mode, and
the peak at 1967 cm-1 is due to an asymmetric stretching mode.
The peaks at 1466, 1103, 956, and 841 cm-1 are assigned to
-CH2- scissoring, -C-O-C- stretching, -CH2 twisting, and
-CH2- wagging modes, respectively.36-38 Also, PEO exhibits
-C-H stretching (between 2800 and 2935 cm-1), asymmetric
stretching (1950-1970 cm-1), asymmetric bending (1450 cm-1),
CH2scissoring(1465-1485cm-1),C-O-Ostretching(1250-950
cm-1), -CH2- twisting (991 cm-1), and -CH2- wagging (842
cm-1).39,40

Several IR spectral studies have been made on the infrared
spectra of chitin.41,42 Because of the high crystallinity of the

sample (Figure 5b), it displays a series of very sharp absorption
bands. For example, the peak at 1560 cm-1 is characteristic of
an amide II group. The band at 1638 cm-1 is assigned to a
-CdO group hydrogen-bonded to -N-H of the neighboring
intrasheet chain in chitin. Upon incorporation of LiClO4 in the
polymer host, the peak at 956 cm-1 shifts to 961 cm-1. In a
similar way, the characteristic frequencies of LiClO4 at 1300
and 920 cm-1 are shifted, respectively, to 1350 and 940 cm-1

(Figure 5c). The shifts in their corresponding characteristic
frequencies are attributed to changes in the environment of
-ClO4

-. Similarly, with incorporation of chitin in the PEO
matrix (Figure 5d), the intensity of the peak is significantly
reduced and is even slightly shifted to 1557 cm-1, which indicate
formation of a complex in the system. These results are in
accordance with Ramesh et al.,43 who reported the interactions
of different lithium salts with the PEO matrix.

3.5. Positron Annihilation Lifetime Spectroscopy Studies.
The local free volumes of polymers, or in other words the
cavities or holes of atomic and molecular dimensions, arise in
polymers because of irregular molecular packing in the amor-
phous phase (static and pre-existing holes), and molecular
relaxation of the polymer chains and terminal ends with low
electron density.44,45 The holes can lower the density of the
amorphous phase by as much as 10% as compared to the density
of the crystalline phase of the same polymeric material. Hence,
free volume plays a vital role in the thermal, mechanical, and
relaxation properties of polymer. The free volume is generally
defined as

where Vt is the total volume, and V0 is the volume occupied by
the molecules. Techniques such as positron annihilation lifetime
spectroscopy, small-angle X-ray scattering (SAXS), neutron

Figure 4. FTIR spectra of (a) sample S2 and (b) sample S1, and (c)
in situ FTIR of the lithium surface.

Figure 5. FTIR spectra of (a) PEO, (b) chitin, (c) PEO + LiClO4,
and (d) PEO + chitin + LiClO4.

Vf)Vt-V0 (4)
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diffraction, photochromic, and fluorescence spectroscopy are
widely used to measure the free volume of polymer samples.
The scanning tunneling microscopy (STM), atomic force
microscopy (AFM), scanning electron microscopy (SEM), and
transmission electron microscopy (TEM) have also been em-
ployed for this purpose. However, diffraction method is very
difficult for hole sizes below 10 Å. Moreover, selected size
probes should be introduced into the holes in the photochromic
and fluorescence methods, which may damage the membrane.
STM, SEM, TEM, and AFM are more sensitive to static holes
(10 Å or larger) present on the surface. On the other hand,
positron annihilation lifetime spectroscopy has drawn the
attention of many researchers in recent years due to its
sensitivity, specialty, and amenability to in situ measurements.

According to the free volume model,44,46-49 in the absence
of any positron and/or positronium interactions, inhibition of
Ps formation and quenching of ortho-positronium lifetime affect
the parameters τ3 and I3, which may be related, respectively, to
the mean radius of the free volume cavities and to the relative
concentration of holes present in the amorphous regions of the
polymer systems. Obviously, τ3 can be directly correlated to
the free volume radius R (Å) by the semiempirical formula:50

The spherical cavity volume can be calculated by eq 6.

Panels a and b in Figure 6 show the PALS spectra obtained
with the counts (in keV) as a function of energy for the samples
S1 and S5. The variation of salt concentration as a function of
Vf and τ3 has been reported by several authors.47,48 However,
the variation of Vf and τ3 as a function of the composition of
plasticized/nanofiller-added polymer electrolytes have hardly
been explored.49,50 Generally, the PALS give three types of
lifetime components in polymeric systems. τ1 relates to para-
positronium self-annihilation, whereas τ2 and τ3, respectively,
relate the free positron and positron/molecular species annihila-
tion and ortho-positronium pick-off annihilation. Each lifetime
corresponds to intensity, Ii, which indicates the relative number
of annihilations taking place with a particular lifetime. However,

Figure 6. Spectrum for samples (a) S1 and (b) S5 obtained from PALS.

τ3 ) 1
λ3

) 1
2[1- R

R0
+ 1

2
sin(2πR

R0
)]-1

(5)

Vf )
4
3

πR3 (6)
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for polymeric materials the third component τ3 with a corre-
sponding I3 are of great interest due to their dependence on free
volume.51

Panels a and b in Figure 7 illustrate the variation of ortho-
positronium lifetime (τ3), and free volume (Vf) as a function of
lithium salt and filler concentration, respectively. The free
volume models of plasticizer-added polymeric system shows
that addition of low molecular weight plasticizers increases the
total volume of the system, resulting in the establishment of
the cooperative chain mobility required at the glass transition
at lower thermal energies. According to Forsyth et al.,51

antiplasticization takes place at low concentrations of plasticiz-
ers, which reduces the mobility of amorphous chains. This is
attributed to the reduction in the mixture of free volume and to
a contribution from the absolute free volume of the plasticizer,
in this case, tetraglyme. According to Eyring,52 free volume sites
can be classified into two categories, namely, (i) static or
interstitial and (ii) dynamic free volumes. The static free volumes
remain as holes, which facilitates the flow of polymer chains.

However, dynamic free volume is a time-dependent fraction
of the total free volume, and the ratio between the static and
dynamic free volumes has been found to be greater than one
and also temperature dependent. According to Peng et al.,47,48

both Li+ and ClO4
- ions are unable to promote inhibition or

quenching effects, and the observed increase/decrease of the τ3

or Vf values may be related to the mean radius of free volume
cavities that are present in the amorphous phases. It is seen from
Figure 7 that the initial addition of filler/salt contributes more
toward filler/salt interactions than do plasticizer/polymer interac-
tions. The filler/salt interactions increase the mobility of ions,
resulting in an increase in ionic conductivity. The free volume

could be increased by filler networking rather than by use of
plasticizers. This can also be directly related to an increase of
ionic conductivity. We suggest that the network provides an
abundance of hopping sites for Li+ ions in the polymer
matrix.53,54 The enhanced networking leads to an expected
increase in the ionic conductivity of the membrane.54,55 A large
increase in the filler content reduces the τ3 or Vf values (5 wt
% of LiClO4) significantly, which may be related to a decrease
in the mean radius of the free volume. Such a decrease is
attributed to coordination of the Li+ ions with solvating sites
in the polymer.56 A similar observation has been reported by
Fosyrth et al. 51 and Furtado et al.,57 where the authors probed
the lifetime properties of poly(urethane)-based electrolytes by
PALS. However, the increase and decrease in the free volume
has to be clearly understood.

3.6. SEM Analysis. Panels a and b in Figure 8 show,
respectively, typical SEM images of PEO + LiClO4 and PEO
+ chitin + LiClO4 NCPE membranes. According to Chu et
al.,58,59 the morphology of the electrolyte surface can be
modified/tailored by the incorporation of both ionic salts and
fillers. The SEM images of PEO + LiClO4 membranes given
in Figure 1a shows a smooth surface (5 LiClO4 wt %). SEM
images of nanochitin-incorporated membranes (Figure 1b) also
show surfaces, which suggest sufficiently good miscibility of
nanochitin with the polymer and lithium salt. The smooth
morphology is also attributed to a reduction in the crystallinity
of PEO due to cross-linking with cations of both lithium ions

Figure 7. (a) The variation of τ3 and Vf as a function of lithium salt
concentration at 30 °C. (b) The variation of τ3 and Vf as a function of
chitin concentration at 30 °C.

Figure 8. (a) SEM images of PEO + LiClO4 (sample S1). (b) SEM
images of PEO + LiClO4 + chitin (sample S5).
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and nanochitin.60 However, at high contents of nanochitin (about
17 wt %), the membrane is seen to have a rough surface with
an inhomogeneous morphology with islands of aggregated
particles.

3.7. TG-DTA and DSC Analysis. Figure 9 shows the DSC
heating traces of membranes comprising PEO, PEO + LiClO4,
and PEO + LiClO4 + nanochitin. The melting endotherm of
PEO + LiClO4 (66 °C) gets broadened, and the melting
temperature gets reduces as the concentrations of nanochitin
and lithium salt are increased. The broadening of the endotherm
also takes place with an apparent decrease in the heat of fusion
(∆Hf) with increasing concentration of nanochitin (sample S5).

The TG-DTA traces of PEO + LiClO4 and PEO + LiClO4

+ chitin are displayed in Figures 10-12 for the samples S1,
S3, and S5, respectively. An endothermic peak observed around
58 °C indicates an eutectic transition of the nanocomposite
electrolyte accompanied by a weight loss.61 The next thermal
event occurs beyond 170 °C a region in which the composite
electrolyte decomposes.62 A similar trend can be seen in the
TG-DTA traces obtained with nanochitin-incorporated NCPE
samples.

4. Conclusions

PEO-based nanocomposite electrolytes with different com-
positions of chitin and LiClO4 were prepared by a hot press
method. Both ionic conductivity and lithium transference
number were increased upon the incorporation of chitin in the
polymer matrix. Under open-circuit conditions the value of
interfacial resistance Ri, has been found be lower for chitin-
added samples than for the filler-free sample at 80 °C. Thermal

analysis shows that PEO/chitin/LiClO4 electrolytes are thermally
stable up to 90 °C. Surface chemistry studies revealed the
formation of new compounds on lithium surface which,
however, do not make any significant impact on the interfacial
resistance of the system. The values of both τ3 and Vf increase
with an increase in salt concentration in the low concentration
region, which is attributed to filler/salt interaction. Correlation
between the critical free volume and ionic conductivity as a
function of temperature and the cycling behavior of LiFePO4/
NCPE/Li cells will be published in a future communication.
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