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Abstract: Nano-composite polymer gel electrolytes consisting of polyethylene oxide (PEO)
as polymer, ammonium thiocyanate (NH,SCN) as salt, propylene carbonate (PC) as solvent,
nano-sized titanium dioxide (TiO,) as nano-filler has been prepared and characterized. The
addition of polymer increases the viscosity of electrolytes alongwith a small increase in
conductivity. An increase in conductivity with the addition of polymer has been explained to
be due to the dissociation of ion aggregates and undissociated salt present in the electrolytes
by increasing the dielectric constant of the electrolytes. The effect of addition of nano-sized
titanium dioxide on the conductivity and viscosity behaviour of polymer gel electrolytes has
been studied. The mechanical stability alongwith ionic conductivity of the gels has been
improved. The thermal stability of nano-composite polymer gel electrolytes has been checked
by DSC/TGA studies. The conductivity of nano dispersed gels does not show much change
over 30-100°C temperature range and also remains constant with time, which is desirable for
device applications like batteries, fuel cells, supercapacitors and other electrochromic devices.
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Introduction

Polymer electrolytes are attracting more attention in the recent past due to their use in various
electrochemical devices viz. batteries, fuel cells, supercapacitors, sensors and other electrochromic devices®.
Polymer electrolytes in gel form obtained by the immobilization of salt solution in a suitable polymer matrix
have high ionic conductivity than polymer electrolytes in film form. Polymer gel electrolytes belong to a hybrid
system of salt, solvent and polymer in which solvent is retained in the electrolyte and provides medium for
conduction. The addition of polymer to liquid electrolytes increases the mechanical stability by increasing the
viscosity accompanied by a decrease in conductivity. Feuillade and Perche have reported first gel electrolytes
containing lithium salts in 1975’. After then different polymer gel electrolytes have been widely studied due to
their suitability as electrolytes in various devices®'. Proton conducting polymer gel electrolytes are also
important as they can find applications in different devices'**. In polymer electrolytes, the addition of
inorganic fillers such as zeolite, SiO,, Al,O3 TiO, etc. has been reported to result in an improvement in the
electrode-electrolyte interfacial stability, conductivity alongwith an improvement in mechanical properties of
electrolytes®®*. The aim of the present work is to develop nano-composite polymer gel electrolytes with high
ionic conductivity and good mechanical and thermal stability.

In the present paper, nano-composite polymer gel electrolytes obtained by dispersing titanium dioxide
with particle size in the nanometer range to polymer gel electrolytes containing NH,SCN in propylene
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carbonate have been studied. The effect of addition of nano-sized titanium dioxide on conductivity, viscosity
and thermal properties of gel electrolytes has been studied. DSC/TGA studies have been carried out to check
thermal stability of nano-composite polymer gel electrolytes.

Experimental methods

Polyethylene oxide (PEQO) (Aldrich, av. mol. wt.=5x10°%), ammonium thiocyanate (NH,SCN), (AR
grade sd. fine chem.), propylene carbonate (PC) (Merck) and titanium dioxide (TiO,) nanopowder (Aldrich)
with average particle size 21nm were used as the starting materials for the preparation of nano-composite
polymer gel electrolytes. Nano-sized titanium dioixde was added as in different concentrations (expressed as
wit% of polymer gel electrolytes) to polymer gel electrolytes alongwith continuous stirring till a homogeneous
mixture is obtained. The conductivity of these electrolytes was measured by complex impedance spectroscopy
with HP4284A precision LCR meter using a cell with platinum electrodes? > *. Viscosity was measured by
Fungilab rotating viscometer (Visco Basic L) and temperature was maintained by Julabo water circulator (F-
12EC)**?2. Thermal properties of gel electrolytes were studied by Differential Scanning Calorimetry (DSC) and
Themogravimetric Analysis (TGA) (SDT Q600 V8.0 Build 95) in the 25-300°C temperature range at the
heating rate of 10°C/minute under nitrogen atmosphere.

Results and Discussion

The ionic conductivity of liquid electrolytes was measured as a function of salt concentration and
results are shown in Fig.1. The conductivity of propylene carbonate has been found to increase by four orders of
magnitude (i.e. 10° to 10 S/cm) with the addition of NH,SCN. At low salt concentrations, the conductivity
increases sharply which is due to an increase in free ion concentration by dissociation of salt. But at high salt
concentrations, the increase in conductivity is small, which is possibly due to the formation of ion aggregates
that do not contribute to the conduction process of electrolytes. Similar results have already been reported by
various authors™#%,
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Figure 1: Variation of log conductivity of liquid electrolytes (PC+x(M)NH,SCN) with the
concentration of salt.
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Polymer gel electrolytes have been prepared by adding PEO (wt%) to liquid electrolytes containing 1M
NH,SCN in propylene carbonate and the variation of ionic conductivity of polymer gel electrolytes as a
function of PEO concentration is given in Fig. 2. The conductivity shows a small increase at low concentrations
of PEO (upto 2wt%) and then decreases at higher concentrations of PEO. The increase in conductivity at low
PEO concentrations is possibly due to the increase in free ion concentration provided by dissociation of ion
aggregates/undissociated salt present in the liquid electrolytes. Chandra et. al have explained the increase in
conductivity with the addition of polymer by “Breathing Polymeric Chain Model” for proton conducting
polymer gel electrolytes®. The maximum conductivity of 3.02x10 S/cm has been observed for gel electrlolytes
at 2wt% concentration of PEO. The decrease in conductivity at high PEO concentrations is due to increase in
viscosity of gel electrolytes as given in Fig. 2. The conductivity decreases by a small factor and still polymer
gel electrolytes have conductivity of the same order (102 S/cm) as observed for liquid electrolytes. The
viscosity of liquid electrolytes has been increased from 5.4 mPas to 5,012 mPas.
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Figure 2: Dependence of conductivity (e) and viscosity (m) with the concentration of PEO for polymer gel
electrolytes containing PC+1M NH;SCN+xwt% PEO.

The variation of conductivity of polymer gel electrolytes containing PC + 1M NH4SCN + 2wt% PEO
with the concentration of titanium oxide is given in Fig.3. From Fig. 3, it has been observed that the
conductivity of polymer gel electrolytes increases with the addition of TiO,, and maximum have been observed
in the conductivity variation at 6wt% TiO2. The addition of TiO, nano-particles leads to the dissociation of ion
aggregates/undissociated salt into free ions in nano-composite polymer gel electrolytes. So higher number of
free ions is generated due to addition of TiO, partcles and hence conductivity increases upto 6wt%
concentration. The maximum ionic conductivity of 4.56x107 S/cm at room temperature has been obtained.
After 6wt% TiO,, the conductivity shows a continuous decrease, which is due to higher viscosity of the
electrolytes and blocking of conducting paths by the grains of TiO,, which restricts the motion of free mobile
ions®**. The viscosity of electrolytes was also measured and its variation with the concentration of titanium
oxide is given in Fig.3. The maximum viscosity of 7621 mPas has been obtained at 10wt% TiO,.
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Figure 3: Variation of conductivity (o) and viscosity (m) with the concentration of TiO, for nano-
composite polymer gel electrolytes containing PC+1M NH,SCN +2wt% PEO+xwt% TiO,.

Thermal stability of nano-composite polymer gel electrolytes with composition PC + 1M NH4SCN +
2wt% PEO+ 10wt% TiO, has been studied by simultaneous DSC/TGA measurements and the results are given
in Fig. 4. A small exothermic peak at 88°C corresponding to weight loss of 5% has been observed in nano-
composite polymer gel electrolytes, which may be due to the evaporation of residual moisture absorbed when
the sample was loaded. Decomposition temperature corresponding to the weight loss of 10% has been observed
at 125°C in nano-composite polymer gel electrolytes. An endothermic peak at 198°C with a weight loss of 82%
has been attributed to be due to the thermal decomposition of polymer in electrolytes. Rapid weight losses of
94% has been observed corresponding to an endothermic peak at about 226°C due to the evaporation of PC
(boiling point=242 °C) in nano-composite polymer gel electrolytes. DSC/TGA studies show that these
electrolytes are thermally stable up to 125°C only.
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Figure 4: DSC and TGA plots for nano-composite polymer gel electrolytes having composition PC+1M
NH,SCN+2 wt% PEO+10 wt% TiO..
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The dependence of ionic conductivity and viscosity of nano-composite polymer gel electrolytes on
temperature was also studied. The variation of log conductivity and log viscosity of nano-composite polymer
gel electrolytes having composition PC+1M NH4SCN+2wt% PEO+10wt% TiO, with reciprocal temperature is
given in Fig. 5. The conductivity of nano composite polymer gels shows only a small increase over the 30-
100°C temperature range. The conductivity of nano-composite polymer gels does not show any appreciable
change with time over a limited period of 30 days as given in Fig. 6, which is desirable from application point
of view.
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Figure 5: Variation of log conductivity (e) and log viscosity (m) with reciprocal temperature for nano-
composite polymer gel electrolytes containing PC+1M NH,;SCN+2 wt% PEO+10 wt% TiO,.
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Figure 6: Variation of conductivity with time for nano-composite polymer gel electrolytes containing
PC+1M NH,SCN+2 wt% PEO+10 wt% TiO.,.
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Conclusions

The addition of PEO and nano-sized titanium oxide results in an increase in ionic conductivity, which
has been found to be due to an increase in free ion concentration by dissociating ion aggregates/undissociated
salt present in the electrolytes. The addition of nano-sized titanium oxide to polymer gel electrolytes results in
nano-composite polymer gel electrolytes with ionic conductivity of the order of 10 S/cm at room temperature.
A small change in conductivity and viscosity observed over the 30-100°C temperature range alongwith constant
value of conductivity with time is desirable for their potential use in different applications.

Acknowledgements

The author is thankful to Department of Physics, Panjab University, Chandigarh and Guru Nanak Dev
University, Amritsar for collection of conductivity data and DSC/TGA measurements.

References

1. Chandra S. Superionic solids—Principles and applications. Amsterdam, North Holland; 1987.

2. Colomban Ph. (ed). Proton conductors (solids, membranes and gels - materials and devices).
Cambridge University Press; 1992.

3. Scrosati B. Applications of electroactive polymers. In:Scrosati B. (ed). Chapman and Hall, London;

1993:354-360

Scrosati B. Battery technology-challenge of portable power. Nature. 1995;573:557-558.

Chandra S. Handbook of solid state batteries and capacitors. In:Munshi MZA. (ed). World Scientific,

Singapore; 1995:579.

6. Owens BB. Solid state electrolytes: Overview of materials and applications during the last third of the
twentieth century. Journal of Power Sources. 2000;90:2-8.

7. Feuillade G, Perche Ph. lon-conductive macromolecular gels and membranes for solid lithium cells.
Journal of Applied Electrochemistry. 1975;5:63-69.

8. Song JY, Wang YY, Wan CC. Review of gel type polymer electrolytes for lithium-ion batteries.
Journal of Power Sources. 1999;77:183-197.

9. Sekhon SS. Conductivity behaviour of polymer gel electrolytes: Role of Polymer. Bulletin of Materials
Science. 2003;26:321-328.

10. Sharma S, Dhiman N, Pathak D, Kumar R. Role of polymer in enhancement of conductivity of proton
and lithium conducting polymer gel electrolytes. i-Manager’s Journal on Material Science. 2016;4:1-8.

11. Grillone AM, Panero S, Retamal BA, Scrosati B. Proton polymeric gel electrolyte membranes based on
polymethylmethacrylate. Journal Electrochemical Society. 1999;146:27-31.

12.  Wieczorek W, Zukowska G, Borkowska R, Chung SH, Greenbaum S. A basic investigation of
anhydrous proton conducting gel electrolytes. Electrochimica Acta. 2001;46:1427-1438.

13.  Kumar R, Sekhon SS. Evidence of ion pair breaking by dispersed polymer in polymer gel electrolytes.
lonics. 2004;10:436-442.

14. Kumar R, Sharma JP, Sekhon SS. FTIR study of ion dissociation in PMMA based gel electrolytes
containing ammonium triflate: Role of dielectric constant of solvent. European Polymer Journal.
2005;41:2718-2725.

15. Kumar R, Singh B, Sekhon SS. Effect of dielectric constant of solvent on the conductivity behavior of
polymer gel electrolytes. Journal of Materials Science Letters. 2005;40:1273-1275.

16. Singh HP, Kumar R, Sekhon SS. Correlation between ionic conductivity and fluidity of polymer gel
electrolytes containing NH,CFsSOs. Bulletin of Materials Science. 2005;28:467-472.

17. Kumar R, Sekhon SS. Effect of molecular weight of PMMA on the conductivity and viscosity
behaviour of polymer gel electrolytes containing NH,CF; SO5_ lonics. 2008;14:509-514.

18. Kumar R, Sekhon SS. Conductivity, FTIR studies and thermal behavior of PMMA-based proton
conducting polymer gel electrolytes containing triflic acid. lonics. 2013;19:1627-1635.

19. Kumar R. Electrical characterization of PVdF based proton conducting polymer gel electrolytes.
Current Smart Materials. 2016; 1:63-67.

o ks



Rajiv Kumar /International Journal of ChemTech Research, 2017,10(3): 289-295. 295

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Weston JE, Steele BCH. Effects of inert fillers on the mechanical and electrochemical properties of
lithium salt-poly(ethylene oxide) polymer electrolytes. Solid State lonics. 1982;7: 75-82.

Singh B, Kumar R, Sekhon SS. Conductivity and viscosity behaviour of PMMA based gels and nano
dispersed gels: Role of dielectric constant of solvent. Solid State lonics. 2005;176:1577-1583.

Kumar R, Sekhon SS. Conductivity modification of proton conducting polymer gel electrolytes
containing a weak acid (ortho-hydroxy benzoic acid) with the addition of PMMA and fumed silica.
Journal of Applied Electrochemistry. 2009;39:439-445.

Hanemann T, Szaba DV. Polymer-nanoparticle composites: From synthesis to modern applications.
Materials. 2010;3:3468-3517.

Lee YS, Ju SH, Kim JH, Hwang SS, Choi JM, Sun YK, Kim H, Scrosati B, Kim DW. Composite gel
polymer electrolytes containing core-shell structured SiO,(Li*) particles for lithium-ion polymer
batteries. Electrochemical Communications. 2012;17:18-21.

Kumar R. Comparison of composite proton conducting polymer gel electrolytes containing weak
aromatic acids. i-Manager’s Journal on Material Science. 2014;2:23-34.

Kumar R. Enhancement in electrical properties of PEO based nano-composite gel electrolytes. i-
Manager's Journal on Material Science. 2014;2:12-17.

Kumar R. Nano-composite polymer gel electrolytes containing ortho-nitro benzoic acid: Role of
dielectric constant of solvent and fumed silica. Indian Journal of Physics. 2015;89:241-248.

Kumar R. Electrical properties of nanocomposite polymer gels based on PMMA-DMA/DMC-LiCIO,-
Si0,. i-manager's Journal on Material Science. 2015;3:21-27.

Sharma S, Dhiman N, Pathak D, Kumar R. Effect of nano-size fumed silica on ionic conductivity of
PVdF-HFP based plasticized nano-composite polymer electrolytes. lonics. 2016;22:1865-1872.

Kumar R, Arora N, Sharma S, Dhiman N, Pathak D. Electrical characterization of nano-composite
polymer gel electrolytes containing NH;BF, and SiO,: role of donor number of solvent and fumed
silica. lonics. 2016; in press. DOI:10.1007/s11581-016-1845-4.

Sharma S, Dhiman N, Pathak D, Kumar R. Effect of Donor Number of Plasticizers on Conductivity of
Polymer Electrolytes Containing NH4F”, i-Manager's Journal on Material Science. 2016;3:28-34.
Chandra S, Sekhon SS, Arora N. PMMA based protonic polymer gel electrolytes. lonics. 2000;6:112-
118.

Arrachart G, Karatchevtseva I, Heinemann A, Cassidy DJ, Triani G. Synthesis and characterisation of
nanocomposite materials prepared by dispersion of functional TiO, nanoparticles in PMMA matrix.
Journal of Materials Chemistry. 2011; 21:13040-13046.

Nimah LY, Cheng MY, Cheng JH, Rick J, Hwang BJ. Solid-state polymer nanocomposite electrolyte of
TiO,/PEO/NaCIO, for sodium ion batteries. Journal of Power Sources. 2015;278:375-381.
Bet-Moushoul E, Mansourpanah Y, Farhadi Kh, Tabatabaei M. TiO, nanocomposite based polymeric
membranes: A review on performance improvement for various applications in chemical engineering
processes. Chemical Engineering Journal. 2016;283:29-46.

kK %k Xk %k k


http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TY4-46J627D-24&_user=10&_coverDate=08%2F31%2F1982&_alid=1416574065&_rdoc=1&_fmt=high&_orig=search&_cdi=5608&_sort=r&_docanchor=&view=c&_ct=1&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=b15fe67db7e8586161446e9b0a9071ce
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TY4-46J627D-24&_user=10&_coverDate=08%2F31%2F1982&_alid=1416574065&_rdoc=1&_fmt=high&_orig=search&_cdi=5608&_sort=r&_docanchor=&view=c&_ct=1&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=b15fe67db7e8586161446e9b0a9071ce
http://pubs.rsc.org/en/results?searchtext=Author%3AGuilhem%20Arrachart
http://pubs.rsc.org/en/results?searchtext=Author%3AInna%20Karatchevtseva
http://pubs.rsc.org/en/results?searchtext=Author%3AAndr%C3%A9%20Heinemann
http://www.sciencedirect.com/science/journal/13858947

