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 Abstract 

Ion transport property studies of a new Ag+ ion conducting blended solid polymer electrolytes (BSPEs): (1-x) 

[70PEO:30AgCl] + x PVP where 0<x<15 wt.%, are reported. The present BSPE films have been synthesized 

using a recently developed hot-press method. The maximum ionic conductivity (σ ~ 1.7×10-5 S.cm-1) has been 

obtained at the composition: [97(70PEO:30AgCl) + 3PVP] and this has been referred to as optimum conducting 

composition (OCC). Material characterizations have been done by x-ray diffraction (XRD) analysis. Ion 

transport properties have been explained with the help of some basic ionic parameters viz. ionic conductivity (σ), 

ionic mobility (μ), mobile ion concentration (n) and ionic transference number (tion).   
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INTRODUCTION 

Ion-conducting solid polymer electrolyte (SPE) systems, attracted widespread attention as the most appropriate 

choice to fabricate all-solid-state electrochemical devices viz. batteries, sensors, fuel cells etc. The main 

advantages of SPEs are their high ionic conductivity, high mechanical strength, ease of fabrication of thin film 

form etc. [1-5]. Polymer blending is one of the methods used to enhance the ionic conductivity in polymeric 

electrolyte membranes [6-9]. However, it has found poor mechanical properties in SPE at a high degree of 

polymeric blending [8]. Polyethylene oxide (PEO) can be complexed with a wide variety of ionic salts with the 

only requirement of selecting those having large anions and de-localized charge, to assure the stability of the 

complex [8]. Several researches on silver-ion polymer electrolytes have been reported, such as polyethene oxide 

(PEO) and polyvinyl alcohol (PVA) based polymer salt complexes comprising AgCF3SO3, AgNO3, AgI, Ag2O 

etc. [8].  

Polyvinyl pyrrolidone (PVP) is a cross-linked and amorphous polymer that blends with PEO to reduce 

crystallinity. Also, PVP has desirable characteristics such as excellent thermal, and mechanical stability. Blending 

PVP with PEO can improve its electrochemical activity, mechanical strength, thermal stability, and chemical, 

whereas the PEO enhances the flexibility of PVP structures [10]. 
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Polymer electrolytes are prepared, in general, by conventional solution-cast and sol-gel techniques but recently 

a novel hot-press technique has been developed which shows several advantages over the conventional 

techniques [11-14].  

To understand the ion conduction mechanism, the present investigation reports the ion transport property studies 

on hot-press synthesized Ag+ ion conducting blended solid polymer electrolytes (BSPEs): (1-x) [70PEO:30AgCl] 

+ x PVP where 0<x<15 in wt.%.  

 

EXPERIMENTAL 

For synthesis of blended solid polymer electrolytes (BSPEs): (1-x) [70PEO:30AgCl] + x PVP where 0<x<15 in 

wt.%, as supplied precursor chemicals: polyethene oxide (PEO) (105 Mw, Aldrich, USA), AgCl (purity > 98%, 

Merck, India) and polyvinylpyrrolidone (PVP) (purity > 98%, Merck, India) have been used. The composition 

(70PEO:30AgCl) with conductivity 6.02 × 10-7 S.cm-1 has been investigated in previous communication [15] and 

this has been used as a first-phase host polymer or SPE host for the present polymer blending. The dry powders 

of SPE host and PVP chemicals in appropriate wt.% ratios were homogeneously mixed for ~ 30 min at room 

temperature and then heated separately at ~ 70 0C (close to the melting point of PEO) for ~ 30 min with mixing 

continued resulting in soft lump/ slurry. The slurry, so obtained, was pressed (~ 1.25 ton/cm2) between two SS-

cold blocks which gave rise to a uniform film of thickness ~ 0.018 cm. Materials characterization has been done 

with the help of x-ray diffraction (XRD) (model: Shimadzu) technique. Ion transport characterization have been 

explained with the help of basic ionic parameters viz. ionic conductivity (σ), ionic mobility (μ), mobile ion 

concentration (n) and ionic transference number (tion) measurements. The details related to the characterization 

procedure have been given in our earlier communications [14-16]. The activation energy (Ea) values involved in 

the thermally activated conductivity processes have been computed from the temperature-dependent ionic 

conductivity measurements.   

 

RESULTS AND DISCUSSION 

Figure 1 shows the room temperature conductivity variation of solid polymer electrolytes (SPEs): [PEO:AgCl]. 

A maximum conductivity was observed at 30 wt.% of AgCl i.e. the composition: (70PEO:30AgCl) with 

conductivity 6.0×10−7 S.cm-1 [15] and this have been used as a host polymer for the synthesis of the present 

blended solid polymer electrolytes (BSPEs). Figure  2 shows the conductivity plot of hot-pressed BSPEs: (1-x) 

[70PEO:30AgCl] + x PVP, where 0<x<15 in wt.%. One can note from the figure that the conductivity increased 

rapidly as the PVP ratio increased up to 3 wt. (%), then decreased on further addition of the PVP. One-order 

conductivity enhancement (σ ~ 1.7×10-5 S.cm-1) was achieved at room temperature for PEO host complexes with 

3 wt% of PVP. This blended SPE film composition: 97 [70PEO:30AgCl] + 3 PVP has been referred to as 

Optimum Conducting Composition (OCC).  
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Figure 1. Conductivity variation of solid polymer electrolytes: (PEO:AgCl) at room temperature [15]. 

 

Figure 2. ‘Log σ vs x’ plot for hot-pressed BSPEs: (1-x) (70PEO:30AgCl) + x PVP, where 0<x<15 in wt.%. 

 

To explain the conductivity enhancement in the BSPE OCC ionic mobility (μ) and mobile ion concentration 

studies have been carried out at room temperature. Table 1 shows some important ionic parameters of pure 

polymer: PEO, SPE host: [70PEO:30AgCl] and BSPE OCC: 97 [70PEO:30AgCl] + 3PVP. It is clear from the 

table that the overall increase in conductivity in BSPE is due to the increase in both ‘μ’ & ‘n’. One can note that 

the in μ is due to the increase in the degree of amorphicity in the polymeric electrolyte host and the increase of n 

is due to the dissociation of a greater number of Ag+-ions from the salt.  

Figure 3 shows the XRD patterns of pure salt PEO and SPE host: (70PEO:30AgCl) and BSPE OCC: 

97(70PEO:30AgCl) + 3 PVP. The XRD of PEO contains two main peaks at 23.15◦ and 18◦, corresponding to 112 

and 120 planes, respectively designating its semicrystalline nature [17]. Also, low intense peaks at 14.7o, 26.79o 

and 35.95o were observed. It can be seen from the figure that characteristic peaks of pure PEO appeared between 

2θ = 15-30o is decreased after the addition of salt AgCl as well as PVP. The characteristic peaks of pure PEO 
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became relatively less prominent/ feeble and disappeared after polymer-salt complexation. A new characteristic 

peak of PVP has been observed at 20o in the BSPE OCC and it is strong evidence of confirmation of blending of 

host polymer with PVP. The XRD spectrum of the blend film shows well-defined two diffraction peaks, which 

confirms the semi-crystalline nature of the blend.  

The ionic transference number (tion) of BSPE OCC: 97(70PEO:30AgCl) + 3 PVP was determined at room 

temperature using the transient ionic current (TIC) technique, as mentioned. Figure 4 shows the current versus 

time plot for BSPE OCC.  tion ~ 0.95, was obtained which indicates that 95% of Ag+ ions are mobile in the system 

and only a negligible contribution of anions. These are our preliminary results and further investigation is in 

progress. 

 

Table 1.  Some important ion transport parameters of pure PEO, SPE host: (70PEO:30AgCl) [16] and BSPE OCC: 

97(70PEO:30AgCl) + 3 PVP. 

System Ionic 

Conductivity 

(Scm-1) 

Ionic mobility 

(cm2 V−1 s−1) 

Mobile ion 

concentration 

(cm-3) 

Ionic  

transference 

number (tion) 

Activation 

Energy 

(eV) 

Pure PEO 3.2×10−9 - - - - 

SPE host:  

(70PEO:30AgCl) 

 

6.0×10−7 

 

5.2×10-3 

 

3.5×1014 

 

0.95 

 

0.49 

BSPE OCC: 

97(70PEO:30AgCl) + 3 PVP 

 

1.7×10−5 

 

1.0×10-2 

 

4.9×1015 

 

0.95 

 

0.36 

 

Figure 3. XRD Patterns: (a) pure PEO, (b) SPE host: (70PEO:30AgCl) and (c) BSPE OCC: 97(70PEO:30AgCl) + 3PVP. 
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Figure 4. ‘Current vs time plot’ for hot-pressed BSPE OCC: 97(70PEO:30AgCl) + 3 PVP. 

 

 

4. Conclusions 

Ion transport studies of a newly hot-press synthesized Ag+ ion conducting blended solid polymer electrolytes 

(BSPEs): (1-x) (70PEO:30AgCl) + x PVP, where 0<x<15 in wt.%.  has been successfully explained. The ionic 

conductivity measurements have been carried out at different temperatures. The conductivity enhancement at 3 

wt% of PVP is due to the increase in both ionic mobility (µ) and mobile ion concentration (n). The ionic 

transference number measurements indicated the newly synthesized blended solid polymer electrolyte is an ionic 

system. The charge transport is due to Ag+ ions and only a negligible contribution of anions (Cl-).   
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