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This paper discusses ion conduction mechanism in terms of reformulated Arrhenius equation.
Understanding the fundamental copiseof Li ion transport is crucial for Li battery technology.
Structural and morphological investigations are significant to understand the stprojpeeties
relationships. The broadening ofrdy peaks of chitosan upon the addition of LiTf salt reveasthe
crystalline domains are reduced. The SEM micrographs reveal that the samples have a smooth surfac
Electrochemical impedance spectroscopy (EIS) was used to obtain the electrical and dielectric
parameters. The dielectric constant and DC ionicduaotivity follows the same trend with salt
concentration. The behavior of Arrhenius and modified Arrhenius equations versus temperature are

clarified. The influence of dielectric constant on DC conductivity experimentally achieved. The
Ea

reformulated Arrhenis equation £, :_<:0exp-KB‘9iT ) exhibited more linearity between the DC

conductivity and 1000/ (0'1TT). The shortcoming
linear behavior of DC conductivity versus 1000/T. The-gxponential factors almost constant at
different temperature and independent on dielectric constant. The calculated activation energy from the
reformulated Arrhenius equation is greater than that obtained from Arrhenius equation.

Keywords: Polymerelectrolyte; XRD and SEMnalysis; Dielectric constant and DC conductivity;
reformulated Arrhenius equation.
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The progress of harmless electrolytes is one of the leading subjects in the field of secondary
lithium batteries research. In particular solid polymecgblytes (SPES), represent one of the hottest
topics, despite this class of compounds being introduced already almost forty years S§&Efthn
be produced byombinationpolar polymers withalkali metalsaltsandion transportthrough such
membrane®ccurswhen an externaklectric fieldis applied[2]. Polar polymer materials containing
electron donating atomaith low dissociation energglkali metal salts give electrolytes for advanced
electrochemical devices, e.g. batteries/fuel cells, electnaiché display devices/smart windows and
photoelectrochemical cel[8]. These polymer electrolytes offer many important properties such as fast
cation transport combined with plastic[8], satisfactory mechanical properties, ease of fabrication as
thin films, high electrochemical stability and ability to form good electrode/electrolyte contact [3]. The
cations are weakly coordinated to sites along the polymer chain and they can transfer from one
coordinated site to anothek.lot research effort has sintdeen been directed toward understanding the
complex chemistry and ionic transport properties of these technologically important mafer@ls [
lonic conduction in SPEs is known to take place in the amorphous fraction of the polymer matrix, but
the polymers used as hosts in polymer electrolytes are oftenr@gstalline [7, §. Recently Malathi et
al., [9], and Prajapati et al.1(], have considered complex permittivity parameters in explaining ionic
conductivity of PVA based solid polymer electrolyt®sadhan et al. 1L, 12}, and Sengwa et al., 3},
have also used dielectric analysis to understand the conductivity behavior Hcamaposite solid
polymer electrolytes. On the other hand, Kadir et. a#], [lsed the scanning electron microscope
(SEM) to detect the leakage of un dissolved salts in Chitosan:PVAMNOEIsystem. They achieved
the fact that the smooth and homogeneous surface can be ascribed to a good miscibility of the systen
In our previous works we used successfully the SEM techniqudetect the leakage of silver
nanoparticles in silver ion conducting polymer electrolytes and their effect on optical and electrical
properties [b, 16]. The extensive and intensive survey of literature indicated that very little work has
been done on dectric properties of ion conducting solid polymer electrolyfés Even the
mechanism of ion conduction in SPEs is still not well understood. Hence, it becomes important to
understand the ion transport behavior in solid polymer electrolytes. This watifasent from
previous works on polymer electrolytes in which they focused on conductivity enhancemegal he
of the currentwork is to interpret the iortfransportmechanism from the electrical and dielectric
relationshipsin this study we show emeally the necessary of reformulation of Arrhenius equation.
Furthermorefrom the estimated activation energy the role of dielectric constant on ionic conductivity
can be understoodlo support the electrical results the XRD and SEM technique has beenl cat
to establish structusproperties relationships. the present worlow salt concentration has been used
to distinguish the electrode polarization region from the bulk (high frequency semicircular) region.

2. EXPERIMENTAL METHOD

2.1 Materialsand sample preparation

Chitosan (CS) from crab shells (075% deace"
with a molecul ar weight 256.94 (supplied by FI
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this study. The solid polymer eleclyte (SPE) films were prepared by the solution cast technique with
acetic acid (1%) as a solvent. In the present work 1 gm of chitosan was fixed and dissolved in acetic
acid solution.The mixture was stirred at room temperature for 24 hours until a homoge solution

were obtained.To the prepared chitosan solutidithium triflate (LICF3SO3) wasncorporatedand

varied from 2 wt. % to 10 wt. % in steps of 2wt. % to prepare various composition of CS:LITF
electrolyte in weight percent ratios; 100:0 pure chitosan acetate (CSC1), 98:2 (CSC2), 96:4(CSC3),
94:6(CSC4), 92:8(CSC5) and 90:10 (CSC6) for CS:LiTRis procedure produces a homogeneous
electrolyte solutionAfter casting in differenplastic Petri dish, the solutions were left to dry at room
temperature for films to form. The films were transferred into a desiccator for continuous drying.

2.2 XRay Diffraction analysis

In this paper, XRD was performed to show the occurrence of complex formation between
LICF3SGO; and chitosan. The XRPattern ofpure chitosan and doped chitosan films wereorded
using Xray (1.5406 A° )diffractometer (Bruker AXS) with operating voltage and current of 40 kV
and 40 mA, respectivelfh e gl ancing angles were in the ran
0.1°.

2.3 Morphological analysis

The scanning electron micrograph (SEM) is an important technique to understand the
morphological changes especially surface morphology. A scareteagron micrograph was taken
using Leica 440 scanning electron microscope to study morphological appefrandgefore
observation, the CS:LiTf solid polymer electrolyte films were attached to aluminum holder using a
conductive tape, and then coated vetthin layer of gold.

2.4 Impedance measurement

The electricalbehaviorof pure CS and CS&iTf solid films were measuredsing the HIOKI
3531 Z Httester which is interfaced to a computer in the frequency range from 50 Hz to 1000 kHz
For this purpose thpure CS and CS:LiTf solid filmsere cut into small discs of 2 cm diameter and
sandwiched between two stainless steel electrodes under spring pressure. The interséatiothef Z
real part of complex impedance was used to calculate the DC ionic tortgas follows[17],

8(2)3( ) eééeééeeée. (1)
|
Whrerl, is the sample thicknesZ' is the resistance and A is the electrode ared)(cifhe real

(Z) and imaginary (Z") part of complex impedance (Z*) were used for calculate the reaif par
complex permittivity (Uf) using the following

Z =Zi- jZi @)
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e =e- je":}/ngz* (3)

From equation (1) and equation (2) one can get the following relation

_ Zi
wC-(Zi* + Zii%)

€i
(4)

where G is the vacuum capacitance, given @/, wherel is the permittivity of free space.
The angul ar f r e qu d whegefisthe frequenceaf applieéd figldo ¥ =2 °

3. RESULTSAND DISCUSSION

3.1 Xray diffraction analysis

In this system, XRD was performed to show the complex formation occurrence between
LICF3SGOs and chitosan. The crystalline peaks of pure LBz can be detected &
19.75°, 20.4°, 22.55°, 25.3°na 33.15°. The Xay diffraction pattern and crystalline peaks of the
LICF3SO; salt (Fig.1) is in good agreement with literatur8][1
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Figure 1. X-ray diffraction pattern of pure LIGBO; salt.

The diffractograms of the purehitosan acetate film (CSC1) and chitosan:l4E6;
complexes, are illustrated in kige 2. It is obviousthat, with addition of lithium triflate (LiTf) into
chitosan matrix, intensity of the crystalline peaks of pure chitosan decreased drastically .(2e Fig
This indicates the reduction in crystalline region of chitosan mdifjx The dominance of amorphous
region can be expected directly from thédening of diffraction peaksand decreasing the peak
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intensitiesof the pure polymer upon the additioninbrganic salt T]. The reduction in crystallinity

results from the complex formation between the polar groups of the polymer and the cations of the salt
as a result of electrostatic interaction and ttatards the ordering of the crystalline regionpatymer
electrolyte [, 19]. The higher the amorphous nature of the electrolyte results in higher conductivity of
the samplg7]. It can be seen that the peak of pure chitosan at 15.5° shifted to 12.6° in CS:LiTf
systems.

Intensity (a.u)
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Figure 2. X-ray diffratogram of (a) CSC1 (pure chitosan), (b) CSC2, (c) CSC3, (d) CSC4, (e) CSC5
and (f) CSCeé.

The crystalline structure o€S:LiTf solid electrolyte samplesere further analyzed by using
Origin 8 software By introducing the XRD raw data t@rigin 8 softwarethe full width at half
maximum (FWHM)can be achieved-rom the FWHM the crystallite size was calculated using the
Debyd Scherrer [18, 19]. Texaminethe role of LiTf salt on the crystalline structure of chitosan solid
electrolyte the wystallite size of CS:LiTf electrolytes was calculated using the Diedgleerrer
formula [15]. The gaussian fitting on CSC2 (2 wt.% LiTf), CSC5 (8 wt.% LiTf) and CSC6 (10 wt.%
LiTf) SPE samples were shown in Figure3. The obtained FWHM for these samplegresaeted in
Table I. The CSB6 sample exhibits a largest FWHM value. The calculated crystallite Sizderl
reveal that the CSC6 sample is more amorphous. It was well reported that it is possibty tthe
crystalline structure of solid and nanaoposite polymer electrolyteom the achievedcrystallite
sizes [b, 20-22]. The large crystallite size of CSC6 sample indicates its amorphousness.
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Figure 3. Gaussian fitting of XRD for (a) CSC#) CSC5 and (c) CSC6 samples.
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Table L2 d A, FWHM, and crystallite size (L) for CS
Sample o
Designation d d FWHM (rad) L (A°)
CSC2 20.8 0.108679 13
CSC5 20.5 0.111993 12.5
CSC6 20.3 0.116878 12.1

3.2 SEM analysis of SBE

EHT=10.08 kV 1 Probe= 108 pA Mag= 508 X
1pn f Detector= SE1 WD= 21 mn

EHT =10 .80 kV I Probe= 100 pA Mag= 500 X
1pm Detector= SE1 WD= 21 nn
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Figure 4. Scanning electron microscopy (SEM) image for (a) CSC2, (b) CSC3, (c) CSC4, (d) CSC5
and (e)CSC6.



