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ABSTRACT

A magnesium ion conducting polymer blend electrolytes based on polyvi-
nyl alcohol (PVA) and polyethylene glycol (PEG) complexed with magne-
sium acetate ((CH,COO),Mg) was prepared using sol ution cast technique.
Thetypical complex impedance spectrum of the optimum sample at differ-
ent temperatures comprises of abroadened semicircleinthe high frequency
region followed by atail in the lower frequency region. Theionic conduc-
tivity increased with increasing dopant concentration. The 30 wt. %
(CH,CO0),Mg doped system has amaximum conductivity of 3.23x 10° §
cm at 373 K. The frequency dependent ac conductivity of optimum con-
ducting composition (OCC) at different temperatures shows a frequency
independent plateau in the low frequency region and exhibitsdispersion at
higher frequencies. The ionic conductivity of polymer blend electrolyte
was measured by varying the temperature ranging from 303to 373 K. The
temperature dependence of ionic conductivity reveal that conduction
mechanism is Arrhenius type thermally activated process. The dielectric
and modulus studies were studied at different temperatures.
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INTRODUCTION

Now adayspolymer materidsare of great interest
because, whenitiscombined with suitable metal sdlts,
they givee ectrolyteswhich are useful for the devel op-
ment of advanced high energy dectrochemicd devices,
e.g. batteries, fud cells, e ectrochromic display devices,
photo electrochemical solar cells, etcl*4. Compared
with systemsbased on liquid or gel electrolytessolid

polymer el ectrolytes are much more stable and have
long life characteristics. Poly (ethylene) oxide (PEO)
has been apopular choice of polymer matrix for mag-
nesiumion conductors®¥, but very lesswork hasdone
based on polymer blends.

Polymer blending isoneof themost important con-
temporary waysfor the devel opment of new polymeric
materidsanditisauseful techniquefor designing mate-
ridswithawidevariety of properties¥. Thesignificant
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advantages of polymer blendsare often exhibit proper-
tiesthat are superior compared to the propertiesof each
individual component polymer*®. However, themani-
festation of superior properties dependsuponthemis-
cibility of blend. Blending can, however, have profound
and sometimes unexpected effectson therma stability,
which cannot simply be predicted on the basis of be-
havior of the components and their relative propor-
tiong*y,

Inthe present work, the M g?* ion conducting poly-
mer blend el ectrolytes based on polyvinyl alcohol and
Polyethylene glycol complexed with (CH,COO),Mg
have been prepared by solution cast technique. The
polymer e ectrolytes have been characterized by com-
plex impedance spectroscopic analysisinthetempera:
turerange 303-373 K.

EXPERIMENTAL

Polyvinyl dcohol (PVA) from CDH, Indiahasmo-
lecular weight 1,25,000 and polyethyleneglycol (PEG)
from CDH, Indiahasmolecular weight 4,000 wereused
asreceived. Equa quantity of PVA and PEG (50/50)
by weight wasadded to doubly distilled water with stir-
ring the solution at room temperatureto completedis-
solution. Required quantity (0, 10, 20,30 and 40 wt.
%) of (CH,COO0),Mg was also dissolved in doubly
digtilled water and added to the polymeric solutionwith
continuousstirring for aout 12 hours. The solutionwas
pouredinto cleaned Petri dishesand evaporated dowly
at room temperature under vacuum to ensureremoval
of the solvent traces. After drying, thefilmswerepeded
from Petri dishesand kept in vacuum desiccators until
use. Thethicknessof theobtained filmswasintherange
of 90-120 pum.

When the polymer electrolytefilms have formed
they were placed between the blocking stainless steel
electrodesof the conductivity cell with leads connected
to aHIOKI 3532-50 LCR meter interfaced to acom-
puter for conductivity messurements. Themeasurements
were made over afrequency rangeof 60 Hzto5 MHz
at different temperatures. Thetemperature dependent
conductivity studieswere carried out for PVA-PEG-x
wt. % of (CH,CO0),Mg (x=0, 10, 20, 30 and 40 wt.
%) polymer electrolytefilms. Conductivity measure-
mentswerecarried out over the samefrequency range
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for temperaturesranging from room temperatureto 373
K. Theconductivity cdll with connectinglead wireswere
placed in an oven with temperaturecontrol facilities.

RESULTSAND DISCUSSION

Impedanceanalysis
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Figurel: Compleximpedanceplotsfor the(PVA-PEG-30wt
% of (CH,COO),Mg) polymer electrolyte(a) at low temper a-
turesfrom 303K to 323K (b) at high temper aturesfrom 333
K t0373K (inset at 373K).
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Fgurelaand 1b showsthetypicd result of thecom-
plex impedance plots for PVA-PEG-(CH,COO), Mg
(50-50-30 wt %) at different temperatures.

Thisplot showsahigh frequency semicirclewhich
correspondsto thebulk resistance and aspike (alower
frequency region) which isdueto the effect of elec-
trode/electrolyteinterface. If the electrodes and el ec-
trode/dectrolyteinterfacewereided, vertical spikesat
thelow frequency end should have been obtai ned. Semi-
circlesaresignificantly broadened and e ectrode spikes
at thelow frequency end of the spectrum aredistinctly
non-verticd, asitisevident from Figure 1. Spikesin-
clined at an angle of lessthan 90° to the real axis are
obtained in the present study, and thisisdueto rough-
ness of the el ectrode/electrolyte interface’® 2. lonic
conductivity was determined from the bulk resistance
(R, wherethesemicirclecrossed the Z’-axis. It canbe
observed from the plots that as the temperature in-
creases, thediameter of the semi-circleat higher fre-
quency decreasesimplying that thebulk resstance (R))
decreases. By knowing the bulk resistance (R,) along
with thedimensions of the sample, the conductivity of
the sampl e has been cal culated by using therelation
o=L/R A, whereL isthethicknessof thesampleand A
istheelectrode arearespectively.

Conductivity analysis

Thevariation of logarithmic conductivity asafunc-
tion of magnes um acetate concentrationin PVA-PEG-
(CH,COO0), Mg at varioustemperaturesisgivenin

-4.84

-1

1 |

Lo (S/cm)
IJ
I
1
L] L ] &
\ 11
|I \
II| III'. \ ,
LT
'-\":: F
[/
/
u [ '
Lid  Lid
L
L L

kT T S
a0 led bad dad s Ladiad

F"«*: MR oAA A A

=
I
1
L)
&
[
\
\

0 10 20 30 40
Slat Concentration (in wt %o)

Figure2: Composition dependence conductivity of PVA-PEG-
(CH,COO),Mgsysemat varioustemper atures.
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Figure?2.

Thefollowing conclusionscan bedrawn. Thecon-
ductivity of pure (PVA-PEG) isfoundto beof theor-
der of 10 S/cm at room temperatureand itsvariation
with composition of magnesium acetateisvery weak.
At higher temperatures, however, thevariationisfound
to beappreciable. The conductivity valuesat different
temperaturesarelistedin TABLE 1. The conductivity
increaseswithtemperaturein pure (PVA-PEG) and dso
for al compositionsof the (PVA-PEG-(CH,COO),Mg)
polymer blend e ectrolyte systems. The conductivity
increases with the increase of the number of charge
carriersby theaddition of (CH,COO),Mgandthecon-
ductivity hasbeenfoundtobehigh (6~3.23x 10°Y
cm) for 30 wt. % of (CH,COO),Mg doped polymer
electrolyteat 373 K. Thisincreasein conductivity with
increasing temperature can bereated totheincreasein
the number of mobile charge carriers contributing to
thetransport of ions. The higher thenumber of charge
carriers(n) and higher themobility (1), the higher is the
conductivity (o).

TABLE 1: lonic Conductivity valuesof PVA/PEG-M g acetate
polymer blend electrolytesat different temperatures.

lonic Conductivity in Scm

Temperature /= 10wt 20wt 30wt 40wt
in Kelvin > %of %of %of % of
of salt

salt salt salt salt
303 338x 6.60x 858x 7.44x 286X
10° 10° 10° 108 108
313 8.63x 954x 194x 934x 7.94x
10° 10° 108 108 108
223 149x 231x 7.02x 198x 2.58x
108 108 108 107 107
333 323x 565x 174x 291x 6.98x
108 108 107 10° 107
43 9.30x 1.95x 491x 6.24x 1.74x
108 107 107 10° 10°
353 238x 505x 105x 126x 3.64x
107 107 10° 10° 10°
363 499x 791x 248x 1.92x 8.06x
107 107 10° 10° 10°
373 871x 132x 558x 323x 1.15x
107 10° 10° 10° 10°

Asseen from the Figure 3, thefrequency depen-
dent conductivity plots show two distinct regions. The
first region observed at |ow frequencies corresponds
to the frequency independent conductivity. Thiscon-
ductivity vaue has been assigned to the bulk conduc-
tivity of the sample. Inthe high frequency region, the
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conductivity increaseswith thefrequency. Theextrapo-
lation of theplateau regiontotheY-axisgivestheval-
uesof 6. Themaximum conductivity hasbeenfound
tobe3.23x 10° S/cmat 373K for PVA-PEG- 30 wt.
% of (CH,CO0),Mg polymer blend electrolyte.

It hasbeen found that thedc conductivity increases
withincrease of temperature which suggeststhat the
free volumearound the polymer chain causesthein-
creaseinmobility of ions, polymer segmentsand hence
the conductivity!*®. Asthetemperatureincreases, the
low frequency dispersion region becomes prominent
and shiftsto higher frequency region and thefrequency
independent plateau region increases. Hence, the po-
|arization effect becomes dominant asthetemperature
incresses.
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Figure 3 : Conductance spectra of (PVA-PEG-30 wt. % of

(CH,COO),Mg) polymer eectrolyteat different temperatures.
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Thevariation of conductivity asafunction of tem-
peraturefor pure (PVA-PEG) and for different com-
positions of (PVA-PEG-(CH,COO),Mg) polymer
electrolytes over thetemperaturerange 303-373K is
showninFigure4.

Linear relationsareobserved inal polymer elec-
trolytesand thismeant that thereisno phasetransition
inpolymer matrix by the addition of saltinthetempera:
turerangestudied. Theseresultssuggested that thereis
no dynamic conformationa changein polymer matrix.
Thetemperature dependenceof dc conductivity, stud-
ied from conductivity spectrahas been found to obey
Arrheniusrdation
6=0,exp (-E/KT)
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Figure4: Temperaturedependent conductivity of 50PVA-
50PEG-x wt. % of (CH,COO),Mg (x=0, 10, 20, 30 and 40).

Wherec, isthe pre-exponential factor; Eaisthe
activation energy; K isthe Boltzmann constant.

The experimental dataindicatethat theionic con-
ductivity of dl thesamplesisenhanced withincrease of
temperature. When thetemperatureisincreased, the
mobility of polymer chainisenhanced, and thefraction
of freevolumein the polymer electrolyte systemin-
creases accordingly, which facilitiesthe trand ational
motion of ions. The segmenta motion either alowsthe
ionsto hop from onesiteto another siteor providesa
pathway for ionsto move. Hence, theionicmaotionin
the polymer e ectrolyteis dueto hopping of ionsfrom
onesiteto another site and the dynamic segmenta mo-
tion of the polymer, which leadsto anincreaseinthe
ionic conductivity of the polymer eectrolyte.

Dielectricanalysis

Thedielectric behavior of the polymer electrolyte
systemisdescribed by using thedielectricfunction, e*.
Figures 5aand 5b showsthe plots of dielectric con-
dant ¢’ and dielectric losse” against the logf at different
temperatures. Thehigher dielectriclossisobserved at
lower frequenciesand it decreaseswhen thefrequency
increases. Thelargedie ectriclossat lower frequency
isduetofreechargesbuildsup at theinterface between
theelectrolyteand the e ectrodes¥. At high frequen-
cies, theperiodicreversd of thedectricfield occursso
fast that thereisno excession diffusioninthedirection
of thefield. Thepolarization duetothe chargeaccumu-
lation decreases, |eading to the decreasein thevalues
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of €’ and €” at high frequencies. The decrease of di-
el ectric constant with frequency showsthat the system
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Modulusanalysis

Figure 6 showsthe variation of imaginary part of

modulus with logarithmic frequency for 30 wt % of
magnes um acetateat different temperatures.

TheM" showsan increased peak at the high fre-
guency end. The peaking curve at higher frequencies
Research & Reotews On
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dence of ionic conductivity reveal that conduction
mechanismisArrheniustypethermally activated pro-

cess. Thedidectric and modulus studies show thenon-
Debyenature.
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