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Abstract - A new hot-press synthesized an Ag+ ion 

conducting glass-polymer electrolytes (GPEs): (1-x) PEO: x 

[0.7(0.75AgI:0.25AgCl):0.3(Ag2O:WO3)], where  0 < x < 50 

wt.%, are reported. Silver ion conducting glass and GPEs 

were casted using melt-quenching and hot-press 

techniques, respectively. The composition: 70PEO: 

30[0.7(0.75AgI:0.25AgCl):0.3(Ag2O: WO3)]with 

conductivity (σ) ~ 8.5 × 10-7 S.cm-1 was identified as highest 

conducting composition from the compositional dependent 

conductivity study and this has been referred to as the 

Optimum Conducting Composition (OCC). Approximately 

two and half orders of conductivity enhancement have 

been achieved in the present GPE OCC from that of the 

pure polymer PEO. The ion transport behavior has been 

reported on the basis of experimental measurements on 

some basic ionic parameters viz. ionic mobility (µ), mobile 

ion concentration (n) and ionic transference number (tion).  

Key Words- Hot-press technique; glass polymer 

electrolytes; ionic conductivity; ionic transference number. 
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I. INTRODUCTION 

Solid polymer electrolytes (SPEs) including nano-

composite polymer electrolytes (NCPEs) and glass 

polymer electrolytes (GPEs), complexed with variety of 

ionizable salts show tremendous technological 

applications [1-3]. The main materials advantages of the 

these polymer electrolytes are their good mechanical 

processibility, ease of fabrication in the thin flexible film 

forms which make them as appropriate choices in 

fabricating all-solid-state thin film electrochemical 

devices viz. mini/ micro batteries of desirable shapes/ 

sizes. A glass electrolyte is one of the best solid 

electrolytes for the solid state battery applications but it is 

very difficult to handle at room temperature because of 

its glassy phase. To overcome these problems, glass-

polymer electrolytes (GPEs) have been proposed [4-6]. 

GPEs are easy to handle, relatively high ionic 

conductivity, high mechanical flexibility and shows no 

side reaction between glass electrolyte and polymer 

electrolyte. SPE/ GPE films are prepared, traditionally by 

a solution-cast/ sol-gel methods. However, recently a 

novel hot-press technique has been developed for casting 

SPE/ GPE films. Hot-press technique has several 

procedural conveniences viz. solution free/ dry, least 

expansive, quicker procedure etc. than those of solution-

cast method [7-9]. In the present paper, we report the 

synthesis of a new Ag
+
 ion conducting PEO-based glass 

polymer electrolytes (GPEs): (1-x) PEO: x 

[0.7(0.75AgI:0.25AgCl):0.3(Ag2O:WO3)], where 0 < x < 

50 wt.%, using hot-press technique. The ion transport 

behavior have been studied on the basis of experimental 

measurements on some basic ionic parameters viz. 

conductivity (σ), ionic mobility (μ), mobile ion 

concentration (n), ionic transference number (tion) .  

II. EXPERIMENTAL DETAILS 

Poly (ethylene oxide) PEO (10
5 
Mw, Aldrich, USA),AgI 

(purity >98%, Reidel India), AgC1 (>99%, Reidel India), 

Ag2O (>98%, Reidel India) &WO3 (>99%, Reidel India) 

has been used for synthesis of a new Glass Polymer 

Electrolytes (GPEs):(1-x) PEO: x 

[0.7(0.75AgI:0.25AgCl): 0.3(Ag2O:WO3)], where  0 < x 

< 50 in wt.%. Firstly, the Ag
+
 ion conducting phosphate 

glass: 0.7(0.75AgI:0.25AgCl): 0.3(Ag2O:WO3) have 

been prepared using melt-quenching technique [10]. This 

ion conducting glass was used as a host salt for synthesis 

of GPEs. The dry powders of pure polymer PEO and salt 

in appropriate wt.% ratios were homogeneously mixed 

for ~ 30 min at room temperature then heated separately 

~ 70 
0
C (close to the melting point of PEO) for ~ 30 min 

with mixing continued. It resulted into a soft lump/ slurry 

which was then pressed (~ 1.25 ton/ cm
2
) between two 

SS- cold blocks, giving rise to a uniform film of 

thickness ~ 0.013 cm. The details related to hot- press 

casting of other SPEs/ GPEsand conductivity (σ), 

mobility (µ), tion measurements have been given 

elsewhere in the literature [11,12].  

III. RESULTS AND DISCUSSION 

An Ag
+
 ion conducting glass electrolyte: 

[0.7(0.75AgI:0.25AgCl):0.3(Ag2O:WO3)] in mol. wt. %, 

have been synthesized by melt-quenching technique, as 

reported elsewhere [10]. This ion conducting glass 
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electrolyte has been used for the synthesis of the present 

GPEs: (1-x) PEO: x [0.7(0.75AgI: 0.25AgCl): 

0.3(Ag2O:WO3)], where  0 < x < 50 in wt.%. Figure 1 

shows the room temperature conductivity (σ) variation 

with different salt concentration for hot-pressed GPEs. 

The conductivity (σ) increased abruptly (~10
2
 times) 

after the addition of salt in the host polymer. However, a 

moderate sized σ-maxima appeared at x = 30 wt.% and 

then decreases on further addition of salts. The GPE 

films beyond 50 wt.% salt concentration were brittle and 

appeared physically less stable. GPE film:70PEO: 

30[0.7(0.75AgI:0.25AgCl):0.3(Ag2O:WO3)], with room 

temperature conductivity (σ ~ 8.5 × 10
-7

 S/cm), exhibited 

optimum conductivity and this has been referred to as 

Optimum Conducting Composition (OCC). The two and 

half orders of conductivity enhancement in the present 

GPE OCC have been achieved at room temperature. The 

ionic conductivity increase in the present GPE OCC is 

due to increase in degree of amorphicity and this can also 

be explained by ionic mobility (µ) and mobile ion 

concentration (n) measurements. Figure 2 shows ‘log μ –

x’ and ‘log n – x’ plots for GPEs: (1-x) PEO: x 

[0.7(0.75AgI:0.25AgCl):0.3(Ag2O:WO3)]. It is obvious 

from the figure that both the variations are almost 

analogous to ‘log σ – x’ and the highest values of µ and n 

were obtained at x = 30 wt.% at room temperature. These 

results clearly indicated the fact that the increase in room 

temperature conductivity of GPE OCC is due to the 

increase in both ‘μ’ & ‘n’.  

  

Figure 1.‘Log σ – x ‘ plot for GPEs: (1-x) PEO: x 

[0.7(0.75AgI: 0.25AgCl):0.3(Ag2O:WO3)]. 

The ionic transference numbers (tion) of pure glass 

electrolyte and GPE OCC have been evaluated using dc 

polarization technique. The variation of current with time 

is shown in Figure 3. tion was calculated using the 

following well-known equation: 

  tion  = 1 –[Ie/ IT]  (1) 

 

Figure 2. ‘Log µ - x’ and ‘Log n – x’ plots for glass 

polymer electrolytes: (1-x) PEO: x [0.7(0.75AgI: 

0.25AgCl):0.3(Ag2O:WO3)].

 

Figure 3.‘Current vs time’ plots for the pure glass 

electrolye: [0.7(0.75AgI: 0.25AgCl):0.3(Ag2O:WO3)] 

and GPE OCC:70 PEO: 30 [0.7(0.75AgI: 

0.25AgCl):0.3(Ag2O:WO3)]. 

where Ie is the electronic current and IT is the total 

current. tion ~ 1 and 0.95 obtained for pure glass 

electrolyte and GPE OCC respectively. It is indicative 

that the majority of charge carriers (~ 95 %) are cations 

Ag
+
 and only a negligible contribution of  anions in GPE 

and hence this can be potentially used for fabrication of 

ion conducting devices. 

Table 1 shows the ionic conductivity (σ) and ionic 

transference number (tion) of pure PEO, glass electrolyte 

and GPE OCC for direct comparison.Figure 4 shows 

‘log σ – 1/T’ variation for GPE OCC: 70 PEO: 30 

[0.7(0.75AgI: 0.25AgCl): 0.3(Ag2O:WO3)].The plot 

exhibits a linear increase in conductivity as temperature 

increased including a σ – jump (indicated by an arrow) at 

~ 65 – 70 
0
C. This temperature corresponds to 

semicrystalline–amorphous phase transition of the host 

polymer PEO. The linear portion below this transition 

can be expressed by following Arrhenius equation:    

σ (T) = 4.30 × 10
-3

 exp(-0.234/ kT)  (2)           
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where 0.234 (eV) is the activation energy (Ea) computed 

by least square linear fitting of the data.   

Table 1. Room temperature ionic conductivity (σ) 

and ionic transference number (tion) of pure PEO, 

glass electrolyte and GPE OCC. 

Electrolytes 
σ 

(S.cm
-1

) 
tion 

Pure polymer: PEO 2.5 × 10
-9

 --- 

Glass electrolyte: [0.7(0.75AgI: 

0.25AgCl): 0.3(Ag2O:WO3)] 
4.0 × 10

-3
 1 

GPE OCC: 70PEO: 

30[0.7(0.75AgI:0.25AgCl):0.3(A

g2O:WO3)] 

8.5 × 10
-7

 0.95 

 

 

Figure 4. ‘Log σ – 1/T’ plot for GPE OCC: 70 PEO: 30 

[0.7(0.75AgI: 0.25AgCl): 0.3(Ag2O:WO3)]. 

IV. CONCLUSIONS 

A new ion conducting glass-polymer electrolyte (GPE): 

70PEO: 30[0.7(0.75AgI:0.25AgCl):0.3(Ag2O:WO3)] has 

been synthesized using a hot-press technique instead of 

the solution cast method. A conductivity enhancement of 

more than two and half orders of magnitude than that of 

the pure polymeric host PEO was achieved. The 

characterization of ion transport behavior has been done 

in term of the basic ionic parameters: σ, μ, n, tion 

determined using different experimental techniques. The 

low activation energy in newly synthesized GPE OCC 

indicates that it can be potential used for solid state 

device applications. 
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