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Abstract - Variety of blend polymer such as PVA: PAN, PEO: PVP, PVdF:PVA and etc doped with NH4NO3 have been 

studied for proton conduction. But the study of proton conducting tri-blend polymer electrolyte is rare. Inventive Solid 

polymer electrolytes based on Polyvinylalcohol (PVA), Polyacrylonitrile (PAN), Polyvinylidine fluoride (PVdF) doped 

with ammonium nitrate (NH4NO3) have been prepared by solution casting technique using Dimethylformamide (DMF) as 

solvent. To analyse the structural and conducting property, the prepared films are characterized by XRD and AC 

impedance techniques respectively. X-ray diffraction revealed the amorphous nature of the prepared polymer electrolytes. 

From the AC impedance technique, it has been found that the highest ionic conductivity is 9.12x10-4 (S/cm) for 80% 

(PVA:PAN:PVdF) :20% NH4NO3 polymer electrolyte at 303K. 
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I. INTRODUCTION: 

In our recent years solid polymer electrolyte is expected to replace the conventional liquid electrolytes due to its better 

durability, flexibility and long life time. Liquid electrolytes have been known as better candidates for various applications due to 

their considerable ionic conductivities. At the onset of introducing batteries, liquid electrolytes had shown good performance. Due 

to some disadvantages such as leakage and corrosion, attention has been diverted towards solid electrolytes [1]. Various research 

groups have developed polymer electrolytes and investigated the ways of improving their ionic conductivity [2]. Some of the 

methods employed for the enhancement of conductivity are cross linking of two polymers, blending of two or more polymers, 

addition of plasticizer to the polymer electrolyte, usage of inorganic inert fillers etc..  

Currently, the research work is focused on the development of blend polymer with better conductivity for fuel cell and 

batteries related application. As the physical and chemical properties of both the polymer chain are different, the resulting blend is 

entirely unique with the possibility to improve the conducting nature. Many blend polymer electrolyte system have been studied 

and reported in the literature [3-5]. It is seen from the literature  that blending of two polymers improved the conductivity of the 

polymer electrolytes. When the electrical nature of a single polymer doped with salt is compared with a blend polymer doped with 

the salt it is found that the conductivity is increased [6-7]. So, the present study is aimed at analyzing proton conducting tri-blend 

polymer electrolytes. Lithiun ionicconducting tri-blend polymer electrolytes has been studied by Tamilvathana et.al [8]. To the 

best of author’s knowledge, there is no report on “tri –blend polymer based on Polyvinylalcohol [PVA], Polyacrylonitrile [PAN], 

Polyvinylidenefluoride [PVdF] dispersed with ammonium nitrate [NH4NO3]. PVA has excellent film forming ability, high tensile 

strength and flexibility. PAN is a resinous, fibrous, rubbery organic polymer which posses good mechanical strength. PVdF has 

low weight, low chemical corrosion resistance and heat resistance. In literature survey, the NH4NO3 is a good proton donor. 

II. Experimental Techniques: 

Synthesis of Electrolytes 

The present work details with the preparation of tri-blend polymer electrolyte dispersed with ammonium nitrate by using 

solution casting method. Blend polymer electrolytes are prepared with PVA (M.wt.1,25,000), PAN (M.wt.1,25,000), PVdF 

(M.wt.5,30,000) of various composition and ammonium nitrate using di-methylformamide (DMF) as solvent. PVA is stirred in 

DMF at 800C for 2 hours and after its complete dissolution, PAN is added and stirred for 1 hour after its complete dissolution, 

PVdF which is separately dissolved in DMF at 800C is then added and stirred. Then ammonium nitrate is added. The mixture is 

stirred till it becomes homogeneous. Then it is poured in the petri dish and kept in vacuum oven for solvent evaporation at 700C 

for 2 days. After the complete evaporation of the solvent the stand alone films were carefully removed from the petri dishes and 

sealed in an air tight cover. Polymer blend (0.9PVA: 0.08PAN: 0.02PVdF by weight) is denoted by PPP. The following weight 

compositions of proton conducting polymer electrolyte have been prepared. 

100% PPP – 0 % NH4NO3 

95 % PPP – 5 % NH4NO3 

90 % PPP – 10 % NH4NO3 

85 %PPP – 15 % NH4NO3 

80 % PPP – 20 % NH4NO3 

75% PPP – 25% NH4NO3 

are synthesized and are characterized by different experimental technique. 

 

 

 Characterization of Electrolytes 

file:///E:/Planet%20Publication/IJEDR/Volume%203/Vol%203%20Issue%202/Published_Paper_V3_I2/www.ijedr.org


© 2018 IJEDR | Volume 6, Issue 1 | ISSN: 2321-9939 

 

IJEDR1801028 International Journal of Engineering Development and Research (www.ijedr.org) 163 

 

In order to study the Structural, Conductivity properties of the blend polymer electrolytes, they are characterized by XRD and   

AC impedance techniques respectively. 

➢ XRD- To determine the amorphous nature of the polymer electrolytes. (Using XPERT- PRO diffractometer) 

➢ AC Impedance – To study the electrical properties of the polymer electrolytes. (Using HIOKI-3532 LCZ meter) 

III.  RESULT AND DISCUSSION 

 X-ray Diffraction Analysis: 

           XRD analysis is used to determine the amorphous nature of the prepared polymer electrolytes. The amorphous nature of 

the polymer complex can be easily confirmed by the broad peak observed in the X-Ray Diffraction patterns. 

 

Fig. 1 XRD pattern of blend polymer electrolytes of composition (a) 100% (PPP): 0% NH4NO3 (b) 95% (PPP): 5% NH4NO3 (c) 

90% (PPP): 10% NH4NO3 (d) 85% (PPP): 15% NH4NO3 (e) 80% (PPP): 20% NH4NO3 (f) 75% (PPP): 25% NH4NO3 

 

When a polymer is complexed with a salt or an acid, the crystallinity of polymeric host could be disrupted by the 

addition of impurities [9,10]. Fig. 1 represents the XRD patterns of blend polymer electrolyte (PPP) and blend polymer electrolyte 

dispersed with different composition of NH4NO3. A broad peak around 20.160 which is attributed to the blend (PPP) has been 

found to be slightly shifted in the complexed system. The amorphous nature of the blend system can be interpreted in terms of the 

Hodge et.al [11] criterion, which has been established a correlation between the height of the peak and degree of crystallinity. The 

crystallite size (D) of prepared electrolytes has been calculated by Debye – Scherer’s formula [12]. 

D=Kλ/βcosӨ-----------(1) 

Where K is the dimensionless shape factor, with a value close to unity; λ is the wavelength of X-ray radiation (1.54 A0), β is the 

full width half maximum calculated by using Origin software  and Ө is the diffraction angle and these values are taken from the 

dataset (XPERT- PRO diffractometer). The crystallite size (using equation1) and relative intensities are taken from the dataset 

(XPERT- PRO diffractometer) of the prepared samples are shown in Table 1. 

Table 1. Crystallite size and relative intensities of the dispersed blend polymer electrolytes 

Composition 2Ө (deg) FWHM (deg) Crystallite size(A0) Height (Relative 

intensity) 

100% PPP: 0% NH4NO3 20.17 1.273 0.634 270.5 

95% PPP: 5% NH4NO3 20.09 1.533 0.526 257.8 

90% PPP: 10% NH4NO3 19.87 2.038 0.395 204.6 

85% PPP: 15% NH4NO3 19.38 2.426 0.332 110.3 

80% PPP:2 0% NH4NO3 20.57 2.801 0.288 59.8 

75% PPP: 25% NH4NO3 20.06 2.202 0.435 95.8 

 

 From Table 1, it can be seen that 80% (PPP): 20% NH4NO3 has the lowest crystallite size, low intensity and high full width half 

maximum (FWHM) of the peak around 200. So this electrolyte is more amorphous compared to other polymer electrolytes. The 

decrease in intensity and increase in the broadness of the peak reveal the increase in amorphous nature of the complexed system. 

The result obtained from the XRD measurements strongly suggests that there is interaction between the polymer matrix and the 

salt NH4NO3. 

 AC Impedance analysis: 

AC impedance technique is a comparatively new, but powerful method of characterizing the electrical properties of polymer 

electrolytes and their interfaces with electronically conducting electrodes. The complex impedance plot for blend polymer 

electrolytes dispersed with 0, 5, 10, 15, 20, 25% weight ratios of NH4NO3 at ambient temperature is shown in the Fig.2. 
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Fig. 2 Complex impedance plots for (I) (a) 100%PPP: 0%NH4NO3   (b) 95%PPP: 5%NH4NO3 (c)90% PPP: 10% NH4NO3 

(II) (d) 85%PPP:15% NH4NO3 (e)80%PPP:20%NH4NO3  (f) 75% PPP: 15% NH4NO3 polymer electrolytes at 303K. 

 

In the complex impedance plot, a high frequency semicircle only occurs for undispersed blend polymer electrolyte and it is 

related to the parallel combination of bulk resistor and capacitor behavior of the electrolyte.  A semicircle with a spike appears for 

(b) and (c) .The intercept of the spike and the semicircle with the real impedance (Z’) axis gives the bulk electrical resistance (Rb) 

of the polymer electrolyte [13]. A low frequency spike occurs for (d), (e) and (f) which represent the formation of double layer 

capacitance of the electrode – electrolyte interface. The ionic conductivity of the polymer electrolytes has been calculated using 

the equation,  

σ= l/A Rb----------- (2) 

where l is the thickness of the polymer electrolyte film, A is the surface area of the film and Rb is the bulk resistance of the 

electrolyte film. The highest ionic conductivity at ambient temperature has been found to be 9.12x10-4 (S/cm) for 80% PPP: 20% 

NH4NO3. So the conductivity of the polymer matrix increases with the addition of proton donor NH4NO3. 

 

Fig. 3 Complex impedance plots for   80% PPP: 20% NH4NO3 polymer electrolyte at different temperatures. 

 

Figure.3 shows that the complex impedance plots for 80% PPP: 20% NH4NO3 at different temperatures. The decrease in 

resistance of the polymer electrolyte with temperature is due to the enhancement of the ionic mobility and the number of charge 

carriers. 

Table 2:   Ionic conductivity values of the polymer electrolytes at different temperatures. 

 

It is observed 

that, the ionic 

conductivity increases up 

to (80% PPP: 

20%NH4NO3) system which may be due to increase in the number of charge carriers and increase in the amorphous nature of the 

polymer electrolytes which is consistent with the XRD result. For 75% PPP:25%NH4NO3 electrolyte, the ionic conductivity 

Composition 

(Weight %) 

Ionic conductivity (S/cm) at different temperatures 

303K 323K 343K 363K 

95:5 

90:10 

85:15 

80:20 

75:25 

2.19x10-6 

4.05 x10-6 

1.04 x10-5 

9.12 x10-4 

5.24 x10-5 

3.78x10-6 

5.39 x10-6 

2.38 x10-5 

9.87 x10-4 

8.86 x10-5 

6.06  x10-6 

6.27x10-6 

6.56x10-5 

1.44 x10-3 

1.78 x10-4 

7.81x10-6 

8.29 x10-6 

1.24 x10-4 

3.76 x10-3 

4.58 x10-4 
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decreases which may be due to recombination of dissociated ions  to form neutral molecules and thereby decreasing the number 

of mobile ions . 

 Modulus spectral analysis: 

Another approach to investigate the electrical response of polymeric materials is the electrical modulus analysis because it 

effectively suppresses the electrode effect. The variation of real part and imaginary part for the electrical modulus with frequency 

for 80%PPP: 20% NH4NO3, at various temperatures, are shown in Fig.4 (I) (II). Modulus M* was evaluated using the following 

relations, 

M*= ε’/ ε’2+ ε”2 and M” = ε”/ε’2+ ε”2  _________(3) 

 
Fig.4 (I) (II) Frequency dependence of real and imaginary part M’&M” for (a) 100% PPP: 0% NH4NO3 (b) 95% PPP: 5% 

NH4NO3 (c) 90% PPP: 10% NH4NO3 (d) 85% PPP: 15% NH4NO3 (e) 80% PPP: 20% NH4NO3 (f) 75% PPP: 25% NH4NO3 

polymer electrolytes at 303K. 

                  The spectrum of M’ shows an asymmetric peak approximately centered in the dispersion region of M’. The modulus 

peak maximum shifts to lower frequencies and the peak maxima decrease with increase of temperature, suggesting the presence 

of more than one type of relaxation mechanism [14, 15]. The almost zero values of M” at low frequency indicate the removal of 

electrode polarization. The observed long tail at low frequencies is due to the large capacitance associated with the electrodes [16].  

CONCLUSION: 

                    Proton conducting polymer electrolytes based on blend polymer (PVA, PAN and PVdF) with ammonium nitrate 

(NH4NO3) have been prepared by solution casting techniques using DMF as solvent. The X-ray diffraction pattern of the polymer 

electrolytes reveals the increase in amorphous nature of the polymer electrolytes. AC impedance techniques reveal that among all 

composition 80% PPP: 20% NH4NO3 has achieved highest ionic conductivity of 9.12x10-4 (S/cm) at room temperature. The 

modulus analysis suggests the presence of relaxation mechanism present in the polymer electrolytes. The highest ionic conducting 

sample can be used for   electrochemical devices. 
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