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ABSTRACT: In the present work we have prepared a polymer blend electrolyte comprising of poly (ethylene oxide) 

PEO, poly (methyl methacrylate) PMMA and LiClO4 as filler. The polymer blend electrolyte was developed as a film 

by solution casting technique, with varying ratio of the filler.  X-ray diffraction (XRD) revealed that the incorporation 

of LiClO4 ions into the blend suppresses the crystallinity of PEO. The SEM studies showed that the particles are 

spherical, ranging in size from 35-95μm .The ionic conductivity was maximum for 5 wt% of the blend at the ambient 

temperature. 
 

KEY WORDS: polymer blend electrolyte; miscibility; crystallinity; complexation, conductivity, XRD. 
 

I. INTRODUCTION 
 

 Solid polymer electrolytes have attracted attention since more than three decades due to their practical applications as 

well as for fundamental knowledge [1][2].Many researchers have worked on several host polymers e.g. poly (ethylene 

oxide) (PEO), poly (methyl methacrylate) (PMMA), poly (vinyl chloride) (PVC) and poly (vinyl acetate) (PVA) etc. 

Among various homo-polymers studied, poly (ethylene oxide) (PEO) exhibits excellent ion transport properties due to 

its high concentration of electron pairs and rapid segmental dynamics.  PEO attains high degree of crystallinity, 

approximately 60%, at room temperature [3-5]. As the amorphous phase is the major contributor to the conductivity, 

then reducing the degree of crystallinity of PEO-salt systems becomes a unique design objective for which various 

fruitful efforts have been reported. These studies generally incorporate the development of PEO-based electrolyte 

composites, copolymers, and blends [6-8]. Polymer blends offer a practical and efficient way to fulfill novel 

requirements for material properties and applications. Physical properties of polymer blends can be constantly varied 

among those of the pure components without synthesis of new materials. PEO-based miscible blends such as 

PEO/PMMA have attracted much attention in recent studies [9-11]. Rigid PMMA chains provide sufficient mechanical 

stability for the soft PEO segments to achieve improved mechanical performance for solid-state electrolyte 

applications. Therefore, PEO/PMMA miscible blend can be considered as an interesting candidate for use as electrolyte 

in solid-state lithium batteries. In this work, effect of adding salt such as LiClO4 on the structural, thermal behavior, 

conformational changes were investigated. Further the ionic conductivity of PEO in the dynamically asymmetric 

miscible blend of PEO/PMMA/LiClO4 is reported. 

 

II. EXPERIMENTAL METHOD 

 

   Materials and Methods 

PEO and PMMA where purchased from Aldrich. The polymers were dried in vacuum for 24 hrs keeping in desiccators. 

Lithium per chlorate (LiClO4) with purity 99.9% was supplied by Aldrich and dried under vacuum oven at 80 
o
C for 24 

hrs. The composition of PEO/PMMA blend was 70/30 wt% and LiClO4 was added to this blend at different weight 

percentages viz 1, 2, 3, 4, and 5. Mixtures were prepared by dissolving three components separately in tetrahydrofuran 

(THF) and stirred for 12 hrs by using magnetic stirrer. PEO/PMMA and LIClO4 stirred for 6 hrs separately at room 

temperature, and then both the solutions were stirred for 24 hrs and poured in a Teflon Petri dish. The sample was 
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removed at room temperature after 24 hrs. For complete removal of solvent the samples were vacuum dried at 50
o
C for 

another 12 hrs. 

           X-ray diffraction (XRD) was carried out with the help of a Shimadzu diffractometer operating at 40 kV and 30 

mA for Cu Ka radiation (λ=0.154 nm). The scan rate was 2
o
C/min under the diffraction angle 2θ in the range of 2θ = 

10
o
- 80

0
. Further differential scanning calorimeter (DSC) measurements are carried out using SII EXSTAR 6000 

instrument for which 1-2 mg of the sample is used. The samples are heated at the rate 20
o
 C/min over a temperature 

range of 30
o
 -150

o
 in a heating cycle for polymer blends. The conductivity studies are carried out using Thermo 

scientific model Nicolet iS5, iD5 ATR connected with a computer for data acquisition over a frequency range between 

5 Hz and 1MHz.  

 
III. RESULT AND DISCUSSION 

 

3.1 Morphological properties:                                                                                                                            

The size and shape of the particles of polymer blend film of PEO/PMMA with 5 wt% of LiClO4 was analyzed using 

SEM and are given in Fig 1 (a)&(b). The diameters of particles were measured to obtain the particle size. The various 

sizes of some of the particles 37.45μm, 58.9μm, 59.5μm, 74.2μm, 98.2μm, it also observed that the particles formed 

mostly spherical in shape which can be seen from SEM image. 

 

                          
 

Fig 1(a): SEM Image of the PEO/PMMA/LiClO4 (2wt %)                                            Fig 1(b): PEO/PMMA/LiClO4 (5wt %) 

 

3.2 Structural properties:  

The XRD pattern of pure PEO is shown in Fig 2(a)   which contains two strong crystalline peaks at 20
0
 and 24.07

0
. The 

higher intensity of these diffraction lines is suggesting that the PEO is intrinsically crystalline polymer with high 

crystallinity [12]. The intensity of these peaks of crystalline PEO decreases with PMMA content as shown in figures 

2(c) It is evident from Fig 2(d) that LiClO4 content films show an amorphous nature, and the sharp crystalline peaks 

correspond to the LiClO4 salt were found to be absent in the complexes and there is no additional peaks observed in the 

complex which confirmed the complexation of lithium salt with PEO- PMMA blend electrolyte [13-14]. This 

amorphous nature may lead to higher ionic conductivity which is generally observed in amorphous polymer electrolytes 

with flexible backbone [15] 

 

3.3 Thermal properties: 
In present work the DSC measurements are carried out in order to investigate the effect of varying weight percentage of 

LiClO4 on thermal characteristic of polymer blends. As observed from Fig. 1(a) to 1(c), the peak width increases 

gradually on the addition of the filler. It is due to the formation of amorphous phase with in space charge layer between 

blend and LiClO4. Similar observations were made by sultana et al [16] and sumanthipala et al [17] in TII-Al2O3 and 

PEO-LiBOB-CP-SZ composite system respectively, and observed that the broadening of melting peak is due to the 

increase of amorphous nature of the sample.  
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Fig 2:  X-ray diffraction patterns of PEO, PEO/PMMA, and                           

PEO/PMMA/LiClO4 ternary mixture at different wt% of LiClO4                                                                 Fig 3(a) DSC thermogram for (a) PEO  
 

 

 

 

 

 

 

 
          

 
 

 

 
 

 

 
 

 

Fig 3(b) DSC thermogram for PEO/PMMA                                                       Fig 3(c) DSC thermogram for PEO/PMMA/LiClO4 (5wt %). 

 

3.4  Conductivity studies: 
  The dielectric properties of PMMA/PEO films and its composites with LiClO4 are studied as a function of frequency 

at room temperature. The values of dielectric constants are obtained from the measured values of capacitances using 

eqn (1). 

𝜀′  =  𝐶𝑑/ 𝜀0𝐴      …………….(1) 

 

 
 Further, from the values of dielectric constants, dielectric loss and a.c conductivity (σac) are calculated using the eqns 

(2) & (3) respectively, which are given below. 

𝜀" =  𝜀′ 𝑡𝑎𝑛(𝛿)      …………… (2) 

 

σac= ω ε0 ε' ε"       …. …….... (3) 
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Where ‗C’ is capacitance of the dielectric material, d is thickness of the film, A is area of the film and ε0 is the 

permittivity of free space.  
 
The dielectric loss of blends films with 2, 3, 4 and 5 weight percentages of liClO4 are obtained as functions of 

frequency using Equation (2) and are given in Fig 4(a). The dielectric loss of these polymer blend films decrease at low 

frequency range 5 Hz to 2 KHz and afterwards it remains constant at higher frequency range. Further as the weight 

percentage of LiClO4 increases dielectric loss of polymer blend films decreases. 
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                   Fig 4(a) shows dielectric loss                                   Fig 4(b) shows a.c conductivity of polymer blend with different wt% of LiClO4 

The frequency-dependent a. c. electrical conductivities of PEO/PMMA/LiClO4 obtained at room temperature are 

shown in Fig 4(b). The polymer blend film shows similar behavior up to 104 Hz, i.e. there is no significant variation in 

the conductivity with frequency over this range. Further as the frequency is increased conductivity increases. It is 

important note that, the conductivity of all the polymer blends is significantly higher at higher concentration of LiClO4. 

This may be understood that a polymer chain in the amorphous phase is more flexible resulting in an increased 

segmental motion of the polymer, which facilitates higher mobility of ions [18]. 

 

IV. CONCLUSION 
 

The XRD characterization reveals that the crystallinity of the PEO reduced with the addition of PMMA and LiClO4. 

The amorphous phase is responsible for the conduction of ions through the PEO/PMMA blend matrix, which is 

revealed by DSC analysis. The conductivity measurements showed that as the ratio of filler increases the ionic 

conductivity also increases. The observed higher ionic conductivity in the polymer blends with LiClO4 is due to the 

creation of more conducting pathways resulting in increased chain flexibility and carrier concentration. 

 

REFERENCES 

 
[1] J. E. Bauerle,―Study of Solid Electrolyte Polarization by a Complex Admittance Method,‖ Journal of Physics and Chemistry of Solids, Vol. 30, 

No. 12, 1969, pp. 2657- 2670.  

[2] H. Block and A. M. North, ―Dielectric Relaxation in Polymer Solutions,‖ Advances in Molecular Relaxation Processes, Vol. 1, No. 4, 1970, pp. 
309-374.  

[3] P.V. Wright, ―Polymer Electrolytes—The Early Days,‖ Electrochimica Acta, Vol. 43, No. 10-11, 1998, pp. 1137- 1143.  
[4] V. D. Noto, S. Lavina, G. A. Giffin and E. Negro, ―Polymer Electrolytes: Present, Past and Future,‖ Elec-trochimica Acta, Vol. 57, 2011, pp. 4-

13.  

[5] J. Evans and C. A. Vincent, ―Electrochemical Measurement of Transference Numbers in Polymer Electrolytes,‖ Polymer, Vol. 28, No. 13, 1987, 
pp. 2324-2328.  

[6]. Manoratne, C. H.; Rajapakse, R. M. G.; Dissanayake, M.Int. J. Electrochem. Sci.2006,1, 32. 

[7]. Young, W. -S.; Epps, T. H. Macromolecules 2009, 42, 2672. 
[8]. Chiu, C. -Y.; Chen, H. -W.; Kuo, S. -W.; Huang, C. -F.;Chang, F. -C. Macromolecules 2004, 37, 8424. 

http://www.ijirset.com/


 

           ISSN: 2319-8753                                                                                                                                     

International Journal of Innovative Research in Science, 

Engineering and Technology 

(An ISO 3297: 2007 Certified Organization) 

Vol. 3, Issue 11, November 2014 

                               DOI: 10.15680/IJIRSET.2014.0311062 

Copyright to IJIRSET                                                            www.ijirset.com                                                                    17527 

 

[9]. Brodeck, M.; Alvarez, A.; Moreno, A. J.; Colmenero, J.;Richter, D. Macromolecules 2012, 45, 536. 

[10]. Jeddi, K.; Taheri Qazvini, N.; Jafari, S. H.; Khonakdar, H.A.; Seyfi, J.; Reuter, U. J. Polym. Sci. Part B: Polym.    Phys.2011, 49, 318. 
[11]. Osman, Z.; Ansor, N. M.; Chew, K. W.; Kamarulzaman, N.Ionics 2005, 11, 431. 

[12]. I.E. Animista, A.L. Kruglyashov, ―Morphology and ionic conductivity of poly (ethylene oxide)–poly (vinyl acetate)–LiClO4 polymer 

electrolytes‖, Solid State Ionics, Vol. 106, pp.321-327, Feb. 1998.  
[13]. S. Rajendran, R. Babu, P. Sivakumar, ―Investigations on PVC/PAN composite polymer electrolytes‖, J. Membr. Sci., Vol. 315, pp.67-73, May 

2008.  

[14]. Carre C, Hamaide T, Guyot A, Mai C (1988) Solid polymer electrolytes with stable electrochemical properties. Br Polym J 20:269–274. 
[15]. S. Ramesh, C. W. Liew, E. Morris and R. Durairaj, ―Effect of PVC on Ionic Conductivity, Crystallographic Structural, Morphological and 

Thermal Characterizations in PMMA-PVC Blend-Based Polymer Electrolytes,‖ Thermochimica Acta, Vol. 511, No. 1-2, 2010, pp. 140- 146.  

[16]. sultana.s and raffiuddin R, Ionics, 15 (2009) 621 
[17]. Sumanthipala H,H,Hassoun J, Panero.S and Scrosati B,Ionics,13 (200) 281. 

[18]. R. Kirankumar, M. Ravi, Y. Pavani, S. Bhavani, A.K. Sharma, V.V.R. Narasimha Rao, ―Investigations on the effect of complexation of NaF 

salt with polymer blend (PEO/PVP) electrolytes on ionic conductivity and optical energy band gaps‖, Physica B: Condensed Matter, Vol. 406, 
pp.1706-1712, Apr. 2011.  

 

http://www.ijirset.com/

