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Abstract— (PEO+KClO4) based polymer electrolytes have been prepared by using Solution casting technique. The pure 

PEO poly (propylene oxide) and alkali salt KClO4 is dissolved in methanol. PEO and appropriate amounts of the salt mixture 

taken in stoichiometry were separately dissolved in methanol and then two solutions were stirred together for about 24 

hours. Aluminium tube was dipped in the solution and removed from that solution, then it was allowed for evaporation at 

room temperature. When this process was done several times, then the aluminium tube substrate carries a coating of polymer 

electrolyte. Using this substrate carbon monoxide gas sensor was fabricated and its characterizes were obtained. In this 

experimental investigation it was observed that, sensitivity of the gas sensor was raised with an increase in the composition 

of the salt in the polymer, temperature and carbon monoxide gas concentration.  
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I. INTRODUCTION 
 

The significant quantity of research efforts has been carry out  on solid state polymer electrolytes due to the technological 

compensation, such as long self-life, extreme miniaturization, extensive temperature range of operation and they can be 

prepared easily with low price.  These electrolytes exhibit appreciable high ionic conductivities at their operating temperatures 

[1-5]. Polymer electrolytes can be shaped in the form of thin film, there by reducing the internal resistance leading to gas 

sensing material applications. 

 

A few of reports are materialized on polymer electrolytes and their application to gas sensors. No attempts were witnessed 

for the preparation of sensors using (PEO+KClO4). Keeping these aspects in view, the authors are used (PEO+KClO4) 

based polymer electrolytes which were fabricated by using solution casting technique. (PEO+KClO4) based polymer 

electrolyte carbon monoxide gas sensors were fabricated and studied their characteristics at different temperatures and also 

at several concentrations of carbon monoxide gas. 

 

II. EXPERIMENTAL  
 

Solution casting technique produces normallyused to fabricate polymer electrolyte films. The polymer PEO is the host 

and inorganic salt KClO4 is dissolved in adequate reciprocal compositions in methanol. Suitable amounts of the salt mixture 

of chosen stochimetry and PEO were individually dissolved in methanol and the two solutions were then stirred together 

for about 24 hours. Aluminium tube was dipped in the solution container for 10 minutes. Then it is removed from that 

solution. Solvent was allowed for evaporation at room temperature. When this process is done three or four times, then the 

aluminium tube substrate carries a coating of polymer electrolyte. This aluminium tube substrate is providing with two silver 

electrodes [6]. 

 

The resistance of the substance is obtained in the presence and absence of gas in air. The operating temperature and the 

concentration of gas were varied in order to calculate the sensitivity of gas sensors. For the resistance calculations, the sensor 

element is located on temperature-controlled tungsten coil heater in the interior a glass enclosure.  
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The schematic of the measurement setup is shown in Fig.1. A load resistor RL was allied in series with the sensor element 

Rs. The input circuit voltage V was applied across Rs and RL. Test gas was passed into the enclosure through the inlet. The 

resistance of the sensor was acquired by determining the voltage drop Vs across the sensor element [7-9]. A chromet-alumel 

thermocouple (TC) was located on the device to specify the operating temperature. This temperature measurement is within 

an accuracy of ±2°C, The sensor sensitivity is described as the ratio of the change in electrical resistance in the presence of 

gas Ra -Rg = ΔR, to that in air, Ra.  
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= 
��

��
 ------- (1) 

 

To estimate the sensitivity, the electrical resistance of the element was obtained in the presence and absence of gas taken 

in concentration of 100 ppm in dry air. 

 

 
Fig.1. Schematic of measurement setup utilized to obtained gas sensor sensitivity. 

 

III. RESULT AND DISCUSSION  
 

Using the polymer electrolyte films based on poly (ethylene oxide) (PEO) complexed with KClO4 gas sensors have been 

fabricated and its operating voltage for sensor was 10V. The sensitivity (S) of a sensor is illustratedin equation (1) and it is 

the ratio of change in electrical resistance in the presence of carbon monoxide gas to that in the presence of air.This polymer 

electrolyte sensor performance was obtained for different compositions weight percentage and several concentrations (ppm) 

of carbon monoxide gas [10]. 

 

Fig.2. shows the variation of the sensitivity with carbon monoxide gas concentration (ppm) for various operating 

temperatures. From the Fig.2, it is observed that the gas sensitivity increases with increase in gas concentration and with 

increase in operating temperature.  
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The sensitivity (S) was measured as a function of composition (Wt%) of (PEO+KClO4) polymer electrolyte with carbon 

monoxide gas concentration for different temperatures is shown in Fig. 3. From the Fig.3 it is clear that, the gas sensor 

sensitivity increase with increase in the composition (Wt%) of the polymer electrolyte. 

 

 
Fig.2. (PEO+KClO4) (70:30) based gas sensor sensitivity as a function of temperature for various gas concentrations 

(ppm). 

 
Fig.3. (PEO+KClO4) based gas sensor sensitivity as a function of composition (Wt%) at different temperatures 

The variation of the sensitivity of carbon monoxide gas sensor with temperature for various gas concentrations is shown 

in Fig. 4, From the above figures, it is clear that the gas sensitivity also increases with increase in the composition of polymer 

electrolyte. 
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Fig.4. (PEO+KClO4) based gas sensor sensitivity as a function of gas concentration at different temperatures. 

 

TABLE I. The values of sensitivity acquired for (PEO+KClO4) polymer electrolytes for various gas concentrations. 

Polymer electrolyte 

gas sensor  

Sensitivity at 500C 

200 

ppm 

400 

ppm 

600 

ppm 

800 

ppm 

1000 

ppm 

(PEO+KClO4) (90:10) 0.057 0.077 0.085 0.099 0.119 

(PEO+KClO4) (80:20) 0.144 0.174 0.187 0.192 0.194 

(PEO+KClO4) (70:30) 0.115 0.150 0.161 0.175 0.190 

 

The values of sensitivity obtained for various compositions are given in Table.5.1. From Fig. (2), (3) & (4) and Table -1, the 

following observations were made. 

 

 The sensitivity of the gas sensor is found to increase with an increase in the composition of the salt in the polymer 

PEO. In general, it is believed that the sensitivity increases as the degree of crystallinity decreases or, in other words, the 

flexibility of the polymeric backbone increases. The increase in sensitivity in the present study of the (PEO+KClO4) system 

with increasing salt concentration is attributed to the decrease in the degree of crystallinity of the polymer as observed in 

XRD studies [11]. 

 

 The sensitivity of the gas sensor increases with an increase in the temperature. The augmentation of sensitivity with 

temperature was understood as hopping mechanism between coordinating sites, local structural relaxations and segmental 

motions of polymer chain [10]. However, where the amorphous region gradually increases, the polymer chain obtains faster 

internal modes in which bond rotations produce segmental motion. This in turn favours the hopping inter-chain and intra-

chain ion movements and the sensitivity of the polymer electrolyte becomes considerable [13-17]. Similar results were 

observed for conductivity versus temperature plots, where an increase in conductivity with increase of temperature in PEO 

and also in all complexed PEO polymer electrolyte systems [18]. It was happening due the hopping inter-chain and intra-

chain ion movements.  
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 Similarly, the sensitivity of the gas sensor showed an increase with in increase in carbon monoxide gas concentration 

due to hopping mechanism between coordinating sites, local structural relaxations and segmental motions of polymer chain 

[10, 13-17 &19] and it is clearly discussed in above paragraph. 

 

IV. CONCLUSIONS 
 

Carbon monoxide gas sensors based on (PEO+KClO4) polymer electrolytes were fabricated and their sensing 

characteristics were studied for various gas concentrations and the results obtained. The sensitivity of the sensor was found 

to increase with an increase in the composition of salt in PEO. Carbon monoxide gas sensor sensitivity increases with respect 

to the gas concentration (ppm) in air. Carbon monoxide gas sensor sensitivity increases with an increase of operating 

temperature.  

 

REFERENCES 
 

[1] J. M. M. Callum and C. A. Vincent, Polymer Electrolyte Rev., Elsevier, Amsterdam, 1987. 

[2] M. B. Armand, Ann. Rev. Mater. Sci., vol. 16, 1986, pp. 245. 

[3] M. A. Ratner and D. F. Shriver, Che. Rev., vol. 88, 1988, pp. 109. 

[4] J. R. Owen, Superionic solids and solid electrolytes -Recent trends, A. L. Laskar and S. Chandra ed., Academic Press, New York, 1989, 

pp. 111. 

[5] D. F. Shriver, B. L. Papke, M. A. Ratner, R. Doppon, T. Wong, and M. Brodwin, Solid State Ionics, vol. 5, 1981, pp.83. 

[6]. V. Madhusudhana Reddy, Studies on Thin Film Polymer Electrolytes: Application to Sensors, Ph.D. Thesis, JNTUH, Aug, 2011.   

[7]. J.M.Chares worth, A.C. Partridge, N. Garrarad, J.Phys.Chem. 97(1993)5418.  

[8]. P.N. Bartett, P.B.M. Archer,S.K. Ling-Chung, Conducting polymer gas sensors part I: Fabrication and characterization, Sensors and 

Actuators B, 19(1989)125.  

[9]. P.N. Bartett, P.B.M. Archer, S.K. Ling-Chung, Conducting polymer gas sensors part II: Response of polypyrrole to methanol vapor, Sensors 

and Actuators B, 19(1989)141. 

[10]. R. Sathiyamoorthi, R. Chandrasekaran, T. Mathanmohan, B. Muralidharan, and T. Vasudevan, Sensors and Actuators B: Chemical, 

Vol. 99, issues 2-3, 2004, pp. 336. 

[11]. V. Madhusudhana Reddy, T. Sreekanth, International Journal of Research in Engineering and Technology, Vol. 03 Issue 02, 2014.  

[12]. M.B. Arman, J.M. Chabagn, M. Doclot, J., Fast Ion transport in solids, Vashishna, Mundey, Sheynoy, Eds.: North-Holland: New 

York, pp:131, 1979. 

[13]. S.S. Rao, M.J. Reddy, E.L. Narsaiah, U.V.S. Rao, Mater. Sci. Eng. B, Vol.33, pp. 173, 1995. 

[14]. S.A. Hashmi, Ajay Kumar, K.K. Maurya and S. Chandra, J. Phys. D. Appl. Phys. Vol. 23, pp: 1307, 1990. 

[15]. M.A. Ratner, In: Polymer Electrolyte Reviews-1, (eds.) J.R. Mac Callum and C.A. Vincent (Elsevier, London, New York) p.173, 

1987. 

[16]. C.A. Vincent, Progress in solid state chemistry, Prese City, Vol. 17, pp.145-147, 1987. 

[17]. S.Chandra, S.A. Hashmi, G. Prasad, Solid State Ionics, Vol. 40/41, Part 2, pp: 651-654, 1990. 

[18]. V. Madhusudhana Reddy, N. Kundana, T. Sreekanth, International Journal of Current Engineering and Scientific Research, Vol. 4, 

Issue 12, 2017.  

[19]. T. Sreekanth and V. Madhusudhana Reddy, International Journal of Applied Physics and Mathematics, Vol. 4, No. 2, March 2014. 

 

 

 

IAETSD JOURNAL FOR ADVANCED RESEARCH IN APPLIED SCIENCES

VOLUME 4, ISSUE 7, DEC/2017

ISSN NO: 2394-8442

http://iaetsdjaras.org/244


