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ABSTRACT

Polymer electrolyte systems consisting of poly (vinyl chloride) (PVC), poly
(ethylene oxide) (PEO) as host polymers, lithium perchlorate (LiCIO,) as
inorganic salt and ethylene carbonate (EC) as plasticizer are prepared. The
ionic conductivities of polymer electrolyte systems containing various salt
concentrations are investigated by using impedance spectroscopy tech-
nique at varioustemperatures. The maximumionic conductivity isfound to
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be 2.39 x 10°® S cm* at room temperature for polymer electrolyte system
containing 20 wt% of LiClO, salt. Thermal stability of the various polymer
electrolytes are examined by thermogravimetric/differential
thermogravimetric analysis. The complex formation between polymer and
salt has been confirmed in the polymer electrolytes by using X-ray diffrac-

tion studies. © 2012 Trade Sciencelnc. - INDIA

INTRODUCTION

Polymer electrolyteswith highionic conductivity
havepotentid applicationsasan eectrolytein solid Sate
batteries. Thereforedevel opment of such systemsisone
of themain obj ectivesin polymer researchi™.

Thedectrochemica stability and compatibility of
polymer electrolyteswith e ectrode materid splay very
important rolein e ectrochemica devices. Plasticized
PV C based blend polymer e ectrolytes have been pro-
posed for application in lithium batteriesdueto their
beneficid effectson stability of Li-dectrolyteinterface®.
Thecyclability of lithium battery affected dueto uncon-
trolled passivation phenomenon. Theformation of pas-
sivelayer between lithium el ectrode and polymer elec-
trolytesincreases with passage of time/®™. Thenature

of thelayer formed between lithium e ectrode and poly-
meric el ectrolyte depends on the purity and composi-
tion of the electrolyte. The passivelayer between the
lithium el ectrode and polymeric e ectrolyte will show
solid phasebehavior if such layer having properties of
solidlithiumionic conductor.

In the present study, an attempt has been madeto
preparevariousplagticized PV C-PEQO blend polyelec-
trolyte systems containing LiClO, asinorganicsatin
order to manifest higher ionic conductivity and good
thermal stability. We present theresults of our study on
these polymer electrolyte systems, subjectedto a. c.
impedance analysisfor conductivity measurements,
thermogravimetric/ differentid therma andysisfor ther-
mal stability and XRD studiesfor structureelucidation
of thematerial.
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Theuseof PVC with PEO ismainly attributed to
thepresenceof lone pair e ectronswith chlorineatom
whichresultin easy solvation of inorganic sdts. There
arevarioustypesaof polymer blend dectrolytesbut those
containing PV C asoneof their component isoneof the
most important on basis of scientific aswell ascom-
mercid point of view®19, |n addition PV Cisinexpen-
sveandcommercidly availablematerid.

EXPERIMENTAL

Samplepreparation

Poly(vinyl chloride) (PVC, averagemol. wt. 1.5x
10°) (Aldrich, USA) and poly(ethylene oxide) (PEO,
average mol. wt. 1.5 x 10°) (Aldrich, USA) dried at
100°C for 12 h were used in the present study. The
plasticizer ethylene carbonate (EC), wasused assuch
without any further purification. Specia gradetetrahy-
drofuran (THF, E. Merck, Germany) wasused asre-
ceived.

PV C-PEO blend polymer el ectrolyte systems of
various compositionswere prepared by dissolving ap-
propriate quantities of PVC, PEO, LiCIO, sdlt in
predistilled THF solvent. Polymer el ectrolytefilms of
various compositionswere prepared by using solution
cast technique. LiClO, wasdried for 48h at 70°C tem-
perature under vacuum. PVC and LiCIO, were dis-
solvedin THF solvent. EC plasticizer wasincorporated
ingppropriateamount into thesat containing polymers
solution. Theresulting solutionsof variouscompositions
weremagnetically stirred & room temperaturefor about
12 hto obtain homogeneous sol utionsand after sirring
at roomtemperaturethese solutionswerefurther stirred
at 40°C for about 4 h. Then films of desired composi-
tionsand thickness (150 pum) were obtained by casting
thefilmson polypropylene dishes. Thesolvent of the
filmswerealowed to evaporate at room temperature.
After evaporation at room temperature, thefilmswere
dried further at 30° C temperaturein vacuum ovento
ensure complete evaporation of solvent. All operations
were performedinaglove box under argon atmosphere
and dl sampleswere stored insidedesi ccatorsto mini-
mize chancesof contamination.

Samplecharacterization
The prepared samplesof polymer dectrolyte sys-
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temswere subjected to a c. impedance measurements
a varioustemperatures. The measurement of ionic con-
ductivity was carried out by sandwiching the polymer
el ectrolyte films between two polished stainless steel
disk dectrodesof diameter 8 mm which acted asblock-
ing electrodefor ions. Thee ectrodeswith samplewere
sedledinanair tight container. The polymer eectrolyte
sampleswere cut into pieceswith diameter of about 15
mm. Thestudy was carried out inthe frequency range
1 mHzto 100 KHz. Thetemperature dependent con-
ductivity of these sampleswas performed at 5°C inter-
vasinthetemperaturerangeof 20-70°C.
Thermogravimetric andysiswascarried out in or-
der toeva uatethethermd stability of thefilmsinterms
of percentageweight loss. Thefilmsweresubjected to
thermogravimetricand differentia thermd andyss(TG/
DTA) using Perkin EImer (pyresdiamond) TG/DTA
with aheating rate of 10°C/min in argon atmosphere.
Thesamplesof various compositionswereheated from
5°C to 250°C. The polymer electrolyte samples were
subjected to phase anadysis at room temperature usng
X-ray diffractometer (XRD) [Bruker (D-8 Advance)].

RESULTSAND DISCUSSION

Conductivity studies

Various polymer electrolytes have been subjected
toionic conductivity measurement a different tempera-
turesin order to find out theinfluence of temperature
onionic conductivity of theseeectrolytes. Figure 1 pre-
sentsthevariation of logarithm of ionic conductivity with
inverse absolutetemperaturefor different PV C-PEO-
LiClO,-EC complexed polymer eectrolytes. Thehigher
conductivity of plasticized systemsmay beduetoits
amorphous nature. From measurement of ionic con-
ductivity vauesat different temperaturesit can befound
that ionic conductivity val uesincreaseswithincreasein
temperature. Theincreaseinionic conductivity withtem-
peratureisinagreement with thetheory™™. Theincrease
inionic conductivity withincreaseintemperatureisdue
tothefact that at |ow temperatureionic mobility and
segmenta motionsof polymer chainsarerestricted due
to strong sdt polymer association. Whileat higher tem-
peratureionic conductivity increases dueto decrease
insalt polymer association and increased thermal seg-
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mental motion of polymer chainsin the electrolytes,
having completely amorphous naturewhich leadstoin-
creaseinthefreevolumethereby facilitating Li-ion con-
duction through the polymeric syssem™. Theenhance-
ment inionic conductivity withincreasein temperature
canasobelinkedwithincreasein chainflexibility due
to decrease in viscosity!*l. No abrupt changes have
been observed, whichindicatesthat al samplesexhibit
completely amorphous structure™, It can aso be ob-
served from conductivity-temperatureplotsthet al these
samplesfollowsArrheniusrule. Thevariation of con-
ductivity with temperature can be explained according
toArrheniusrelaion.

c=c,exp (-E/KT)

where E, K and o, represent activation energy,
Boltzmann congtant and pre exponentia factor, respec-
tively. Themaximum ionic conductivity at 303 K (30
°C) isfound to be 2.39 x 10¢ Scm* for PV C-PEO-
LiCIO,-EC complex polymer electrolyte system.

Thenaureof cationtrangportinthesesystemsseems
tobevery smilar tothat inionic crystals, becausetem-
perature dependent conductivity datafollowsArrhenius
behavior. It seemsthat ion jump from onesiteinto an-
other stesimilar tothat inionic crystal 51,

It isfound that activation energy shows decrease
with increasein the concentration of LiCIO, salt in
complexed blend polymer dectrolytefilmsthereby in-
creasing theionic conductivity. Theinfluenceof incor-
poration of salt onthe activation energy valuesmay be
dueto theformation of chargetransfer complexesin
the polymer dectrolyte system. Thesechargetrans-
fer complexesprovidemovableionstothesysemwhich
resultintheimprovement of conductivity of thesample.

TABLE 1: Activation energies of PVC-PEO-LICIO,-EC
polymer electrolyte systems.

Polymer electrolyte Activation energy (E,)

PV C-PEO-LiClO,-EC(40-30-05-25) 0.87eV
PV C-PEO-LiClO,-EC(35-30-10-25) 0.73eV
PV C-PEO-LiClO,-EC(30-30-15-25) 0.60eV

0.45eV

PV C-PEO-LiClO,-EC(25-30-20-25)

Figure 2 showstheplotsof the el ectrolyte behavior
with sat concentration. Figureshowsthat conductivity
vauesexhibit enhancement with addition of LiCIO, salt.
Thetrend of ionic conductivity variationisamaost Smi-
lar at varioustemperatures. Itisfound that the effect of
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addition of saltispronounced at lower concentration of
sdt whichmay beduetothebuild up of chargecarriers
which leadsto theimprovement in theionic conductiv-
ity of the polymer electrolyte systems. Theincreasein
conductivity by addition of LiClO, salt may bedueto
formation of charge carrier speciesthereby increasein
thenumber of movableions.
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Figure 1 : Arrhenius plot of log of conductivity against
reciprocal temperaturefor PVC-PEO-LiCIO,-EC polymer
electrolytes.

Figure 3 exhibits conductance behavior with PVC
content inthe polymer dectrolytesystems. Thedecrease
inionic conductivity at higher concentration of PVC
may be duetolower mobility of iong'”. Itisclear from
the above discussion that polymer blend el ectrolytes
containing PV Crich phaseexhibitslower va uesof con-
ductivity but higher mechanica strength. Thisbehavior
may be dueto thereason that polymer blend el ectrolytes

-4

-5

Log o (Scrr')
o 4 )

|
w0

—o— 353K |

-10 4 . T .
5 10 15 20 25
LICIO, (w t%)

Figure?2: L og conductivity vs. composition of PVC-PEO-
LiClIO,-EC polymer electrolyte sestem at various

temperature.
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Figure3: Log conductivity vs. PVC content of PVC-PEO-
LiCLO,-EC polymer electrolytesystem.

containing PV C rich phase show solid like behavior
which hindered mobility of chargecarrier speciesthereby
having lower conductivity.
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TG/DTA analysis

Thermal stability isconsidered to bevery essentia
property of polymer dectrolyte sysemsto makeit ussful
inlithium batteriesin order to seetheir usefulness at
varioustemperatures. TG/DTA andysishas been used
to ascertainthetherma stability of polymer eectrolyte
systemscontaining lithium sdt. Figures4(a-d) show the
influence of variation of LiClIO, content on
thermogravimetric and differential thermal anaysisof
PV C-PEO-LiCIO,-EC compl exed polymer eectrolyte
system. Differential thermal analysisof al different
samples of these polymer electrolyte systems shows
broad endothermic peaksat |ow temperature. These
pesksmay bedueto the evaporation of moisture present
in polymer electrolyte systems due to absorption by
impuritiesin polymer electrolytesor it would be ab-
sorbed during sampleloading*8, Differentid thermal
analysistracesin Figures4(a-d) showsabroad exo-
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Figure4: TGA and DTA scansof polymer complexes; (a) PVC-PEO-LiCIO,-EC (40-30-05-25); (b) PVC-PEO-LICIO,-EC
(35-30-10-25); (c) PVC-PEO-LIiCIO,-EC (30-30-15-25); (d) PVC-PEO-LiCIO,-EC (25-30-20-25).
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thermic peak at 548, 543, 538 and 528 K for samples
of polymer el ectrolytes containing 5, 10, 15 and 20%
of LiCIO, respectively. Thermogravimetric analysis
tracesin Figures 4(a-d) for these complexed polymer
electrolyte systemsexhibitsagradua weight lossupto
543, 540, 533 and 525 K respectively. While above
thesetemperatures TGA tracesshow rapid weight loss
for dl different samplesof PV C-PEO-LiCIO,-EC poly-
mer electrolyte system. Thisrapid weight lossisdueto
the degradation of the polymer e ectrolyte system?24,
Theirreversiblethermal decomposition temperature
showsdecrease by addition of lithium saltswhich may
bedueto availability of Li ionsinthe polymer electro-
Iytefilms Thesharpvariaionin TG tracesduetorgpid
weight lossisfound consistent with theresult of DTA.

Figures4(a-d) reved that with theincreasein con-
tent of LiCIO, sdtin polymer electrolytesystems, degra-
dation temperature decreases. The decreasein degra-
dation temperature of these polymeric sysiemsmay be
duetothedecreasein thermal stability withtheaddition
of LiClO,. Itisfound that these polymer €lectrolyte
systems shows stability up to about 525 K temperature
whileabovethistemperaturethese polymer electrolyte
samples showstherma degradation.

It isa so shown that samples containing 5% and
10%wt of LiClO, exhibits maximumtherma stability,
which may bedueto the presence of lower concentra-
tionof LiCIO,. Thetemperatureat which samplescon-
taining 5% and 10% LiCIO, decomposesis 543 and
540K respectively. Thereforeit can be concluded that
samplecontaining 5% of LiClO, isbetter ascompared
to the other samplesfrom thethermal stability point of
view.

XRD analysis

Figure 5 shows X-ray diffraction patternsof pure
PVC, PEO, LiCIO, and PV C-PEO-LiCIO,-EC poly-
mer blend electrolytefilms. Figure 5(a-g) reveal sthat
two distinct crystaline peaks appear in X -ray diffrac-
tion pattern which arefor pure PEO?. Theintensities
of these crystalline peaks of 26 values, pertaining to
PEO, reducesin complex polymer blend el ectrolyte
filmscontaningLLi sdlt. Comparativesudiesof theXRD
patterns of pure PVC, LiClO, sat and PV C-PEO-
LiClO,-EC filmsrevealsthat peaks observed for 20
vauesinpurePV Cfilmsaremoreintenseas compared
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tothatin PV C-PEO-LiCIO,-ECfilms. Thisshowsthat
PV C-PEO-LiCIO,-EC arelesscrystalline compared
tothat of LiClO, salt. Thedecreasein degreeof crys-
talinity of PV C-PEO-LiCIO,-EC polymer electrolytes
iscaused by complexation of LiCIO, st with PV C-
PEO blend. The absence of crystalline peaks corre-
sponding to LiClO, for 20 values, in PVC-PEO
complexed with LiClO, shows the absence of any
uncomplexed LiClO, satinthe complexed polymeric
electrolytesystem. From dl these, it may be confirmed
that complexation of salt hastaken placein the amor-
phous phasg?l. Some peakspertaining to salt and poly-
mer disappear, while somehave shiftedin Figure 5(a-
g) of complex polymer e ectrolyte system. Theabsence
and shifting of peaksshowsthat interactionshavetaken
placebetweenthedifferent congtituentsof samplefilms.
Itisclear that structural modification hasoccurredin
the polymer e ectrolyte syssemd?!, Thedecreaseinthe
intensities of sharp crystalline peaksat higher concen-
trationsof Li salts manifests presence of amorphous
phasein polymer eectrolytefilmswhichresultsinin-
creased ionic conductivity valuesduetoincreasedionic
mobility inamorphous phase.
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Figure5: XRD patternsof; (a) PVC; (b) PEO; (c) LiCIO,-;
(d) PVC-PEO-LIiCIO,-EC (40-30-05-25); (e) PVC-PEO-
LiCIO,-EC (35-30-10-25); (f) PVC-PEO-LiCIO,-EC (30-30-
15-25); (g) PVC-PEO-LiCIO,-EC (25-30-15-25)
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CONCLUSIONS

Four different polymer e ectrolyte sysemsof PV C-
PEO-LiCIO,-EC of various compositions have been
prepared and subjected toionic conductivities, thermal
studiesand XRD analysis. Among thesefour polymer
electrolyte systems, PV C-PEO-LiCIO,-EC (25-30-
20-25) isfound to bethe most suitable on basisof con-
ductivity. The conductivity of the PV C-PEO-LICIO,-
EC (25-30-20-25) polymer dectrolyte systemisfound
tobe2.39x 10° Scm! and thethermal stability upto
525 K. Thereforethissystemisfound to be most suit-
ableamongdl studiespolye ectrolytes.
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