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Abstract: In the present study, the composite material ,Zn@s been prepared using Nahd NaCO; as
precipitation agents, via co-precipitation techeiqlihe as prepared Zs@as been characterized using XRD,
FE-SEM, FTIR analyses. The Zz&mposites were used as filler in the parent pofyahectrolytes based on
P(S-MMA)-LICIO4by solution casting techniques. Electrical, streadt@nd functional analyses of P(S-MMA)
based polymer electrolytes comprising ZMere studied and the results are reported. TharpocationZrQ
filler greatly enhanced the ionic conductivity asttier electrochemical properties of P(S-MMA) bagetymer
electrolytes.
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Introduction and Experimental

The rapid development of new technologiehsas cell phone, notebook PC, and electric veliENg has
promoted research aimed at improving battery perémice with special effort devoted to Lithium ba#si1).
Numerous methods have been reported for improvivegacteristics of polymer electrolytes such as sros
linking, incorporation of organic solvents anddil, etc., An attempt has been made to study fleet aff
addition of ZrQ in PS-MMA based SPEs for various compositions gistonventional solution casting
technique. Towards attaining good properties dérfilZrO, was prepared laboriously by co-precipitation
method using NEland NaCGQ; as precipitating agents. Based on the propesfias-prepared optimized filler,
the various compositions of composite polymer etdyttes were prepared.

The ZrQfillers were synthesized by co-precipitation methisthg 0.2M Zr (N@)2.3H,O and NaCOs;or NHz; as
precipitation agent [2]. The prepared compositedifiérent weight ratio were added into the optietzZP(S-
MMA)-LICIO 4 as dopant salt by solution casting technique.
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Results and discussion

In order to determine the thermal property of tm®.grecursors, the calcinations temperatures werel fase
700 and 900 °C for NiHand NaCOs; as a Precipitation agent respectively. Fig 3.Jhévss the TG curves of
the precursors of ZrOwhose precipitation agents are NBnd NaCO;. X-ray diffraction pattern and IR
Spectra of the as prepared Zddler using NH; and NaCGO; as precipitation agents are represented in Fig.3.1
(B &C).
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Fig.3.1 (A)TG curves (B) XRD patterns arf@) FT-IR spectra of Zr@precursors when Nf-and NaCO; are
used as precipitation agents. D) SEM image of,Z(@cursors when Na0; as precipitation agent.

From the XRD pattern it is confirmed that the asgared samples are Zr@ith the monoclinic
structure which is in agreement with the JCPDS ©818However, all the peaks are in very good agesg¢m
with the standard for the sample prepared whilagudlaCO; as precipitation agent than the other one. Using
the Scherer’s relation the crystalline domain sias determined as 110 nm. The IR spectra of Zrgstalline
samples show various stretching frequencies ard#tdand 500 cit{3], which are attributed to Zr-£Zr
asymmetric Zr-O stretching vibrations. These peatesshifted to 780 and 499 ¢respectively confirms the
formation of ZrQinNa,CO; based Zr@samples. Fig. 3.1 Dshowed that the SEM image e€CRgbased ZrQ
particles; most of the particles are found to haegagonal structure with needle shape. The paricke is
estimated as 294nm for peOsbased Zr@and has uniform morphology. It reveals that Zfiler aiding in the
formation of amorphous phase into the parent potymegrix. The XRD pattern, (Fig.3.2 (a)) shows feuense
peaks like B=28.3, 31.6° which shows the monoclinicstructureZoD, filler. [JCPDS:78-1807]. Also two
intense peaks at9213.1 and 22.9° which reveal the hexagonal strectorLiClO, [JCPDS: 30-0751]; these
intensity are comparatively low while incorporatizgO, in the parent polymer electrolyte. Actually, the
intensity of bare electrolytes is reduced whileoiporating the ceramic fillers as contradict offénis may be
caused the complete dissociation of inorganic (salich is acting as a dissociating agent) in to gbg/mer
matrix which leads to the amorphous nature. ThesBiching vibration of PS-PMMA around 3500tris
shifted in between 3533-3650 ¢nin the complexes (Fig.3.2). The vibration peak@280 and 2940cthare
ascribed to the asymmetric and C-H stretching efabsorption peak of PS-MMA. The characteristication
peak appearing at940¢cis assigned to per chlorate anion that is shife®@0 crifin the complexes. The
characteristic peaks of Zr-Ostretching and Zf2Db asymmetric modes are appeared at 500and 740rbm
addition of new peaks, shifting of peaks and abserigeaks in the complexes ensures the complexhad
taken place between PS-MMA and LiGlé&nd ZrQfiller composites polymer electrolytes. In the @naswork,
ZrO, concentration has been varied as (3, 6, 9 and¥®2matthe bare P(S-MMA)-LiCl¢glectrolyte. The parent
electrolyte exhibits the conductivity of 6.8%i®cm® at 303 K. While incorporating the ZsCfiller,
conductivity enhances two orders of magnitude & ROThe temperature dependent ionic conductiviotsp
are shown in Fig 3.3 in the temperature range JBk3The conductivity of the electrolyte increaseath the
increase of temperature. Also it is clear thatdbeductivity increases upon the addition of cerafitlier up to
9 wt%,; further addition of Zr©omakes the conductivity dips down.The same trend wlatained for our
previous studies on PVdF-PEMA based composite gbinmer electrolyte and for PEO based composite
polymer electrolyte [4]. For all complexes, the doativity increases with increase of temperature this can
be rationalized by free volume model. The curvatfrihe plots indicates that ionic conductivity seeto obey
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Arrhenius relation, which describes that ion tramspn polymer electrolytes is dependent on polymer
segmental motion. The activation energy of theesystaries within the range 0.14 to 0.37 eV. It eydhat
highly conducting sample possesses lesser activatiergy.
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Fig.3.2 (a) XRD patterns andb) IR spectra of bare PS-MMA-LiCIQand 3 (RA1), 6 (RA2), 9 (RA3) and 12
wt% (RA4) of ZrQ based polymer electrolytes.
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Fig.3.3 Temperature dependent ionic conductivity plot®(B-MMA) (80)-LiCIO, (20) + ZrQ (bare, 3, 6, 9,
12) wt% based electrolytes in the temperature r&808e353K.

Conclusion

The ZrQ filler were synthesized by co-precipitation methaing NaCO; and NH as precipitation agents.
The as-prepared samples were Zw@dth the monoclinic structure which is in agreementh the JCPDS
781807. The 3, 6, 9 and 12 wt% of Zr@as dispersed in to P(S-MMA) (80)-LiCJ@0) polymer matrix by
solution casting method. P(S-MMA) (80)-LiCJ@20)-9wt% ZrQ exhibits maximum ionic conductivity 2.2
x10* Scni'at 303K. The ionic conductivity of composite polymeectrolytes increases in two orders of
magnitude on the bare polymer electrolyte. Thevattin energy varies between .14 to .37 eV.

Acknowledgements

One of the authors, M.Sivakumar gratefully acknalgkd UGC-MRP F.N0.41-839/2012 under physical
sciences for the financial support to carry out thiork.

References

1. Jingyu Xi, Xinping Qiu and Liquan chen, PVDF-PE@nmis based microporous polymer electrolyte:
Effect of PEO on pore configuration and ionic coctdlity, J. Power Sources., 2006,157,501-506.

2. Rezaei M, Alavi S.M, Sahebdelfar S and Feng viak#ect of process parameters on the synthesis of
mesoporous nanocrystalline zirconia with triblodpaelymer as template, J.Porous Mater. 2008, 15,
171-179.

3. Ranjan Sahu H, Ranga and Rao G, Characterizatioambustion synthesized Zirconia powder by uv-
vis IR and other techniques, Bull.Mater.Sci., 2028, 339-354.

4. Rajendran. S, Sivakumar M and Subadevi R, EffecPlafsticizers in Poly (Vinyl alcohol)-based
Hybrid Solid Polymer electrolytes, J. Appl. Poly8ti., 2003, 90,2794-2800.

%k %k %k %k k



