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Abstract 5 

The study investigates the AC conductivity and dielectric behavior of ethyl cellulose (EC) and 6 

polyvinyl alcohol (PVA) polyblend thin films, aiming to explore their potential applications in 7 

electronic and dielectric devices. The objective of this study is to analyze the electrical 8 

conductivity and dielectric constant of Ethyl Cellulose (EC) blended with polyvinyl alcohol 9 

(PVA) at different temperatures (303K,313K, 323K, 333K, and 343K) and across a frequency 10 

range of 1 kHz to 1 MHz’s Measurements were conducted using a 4284 LCR meter. The results 11 

indicate that the AC conductivity of the thin film changes with temperature for all frequency 12 

values and also increases with frequency at a constant temperature. Additionally, the dielectric 13 

constant exhibits variations with increasing temperature in the polymer blends. 14 
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Introduction 17 

Polymer-based thin films have gained significant attention in recent years due to their 18 

promising electrical, dielectric, and mechanical properties, making them suitable for applications 19 

in flexible electronics, energy storage devices, and insulating materials. Among various 20 

polymeric materials, ethyl cellulose (EC) and polyvinyl alcohol (PVA) have emerged as 21 

excellent candidates due to their biocompatibility, film-forming ability, and dielectric 22 

characteristics.[1,2] 23 

AC conductivity plays a crucial role in determining the charge transport mechanism in 24 

polymer thin films [3]. Polymeric materials play a crucial role in both everyday applications and 25 

high-tech industries such as electronics, aerospace, and medicine. Due to their wide-ranging 26 

applications, these materials have been a significant focus of research in recent years [4]. In 27 

recent years, because of the need for electrostatic charges dissipation, electromagnetic shielding 28 

etc, new polymers with electrical conductivity have been formulated. The importance of 29 

polymers is mainly because polymers are still regarded as a cheap alternative material that is 30 

manufactured easily.  In polymer nanocomposites conductivity depends on various factors such 31 



 

 

as filler morphology, size, loading concentration, and interfacial interaction. The dramatically 32 

larger chain-particle interface area in the case of nanocomposites makes effects appearing 33 

negligible in microcomposites very prominent in Nano composites [5, 6].  Therefore, The 34 

polymer blends composed of Ethyl Cellulose (EC) and polyvinyl alcohol) (PVA) have been 35 

widely investigated.  36 

 2. Experimental 37 

2.1. Materials 38 

Ethyl cellulose and polyvinyl alcohol were supplied by SIGMA –ALDRICH, and Ethanol and 39 

double distilled water are being used as a solvent for polyblending process. In the present work, 40 

thin films were prepared by isothermal evaporation technique. 41 

Preparation of blends 42 

The two polymers EC and PVA were taken in the different weight ratios 1:1, dissolved in two different 43 

solvents Ethanol and double distilled water separately. Preparing individual EC and PVA Solution & mix 44 

the two solution &stir combined solution for 30minutes until a uniform, viscous solution is formed then 45 

add dopant as phosphoric acid (5%) dissolved in prepared blended solution of EC and PVA. The 46 

solution was then heated at 60°C for one hour to yield clear solution. A glass plate (15cm 47 

x15cm) cleaned with hot water and then with acetone was used as a substrate. pour the blended 48 

solution in to the glass plate aloe the solution to air dry at room temperature for one day to form 49 

homogeneous films after drying the films will be obtained [7]. 50 

3. Results and Discussion 51 

3.1. AC Electrical Conductivity and Dielectric Constant Studies 52 

Figure 1 (a) shows the relation between ac conductivity and frequency at different constant 53 

temperatures 303K, 313K, 323K, 333K and 343K. Plot shows rise in conductivity with 54 

increasing frequencies from 1 KHz to 1MHz. The rise of conductivity upon increasing the 55 

frequency and temperature is a common respond for polymeric and semiconductor samples. It is 56 

due to the tremendous increase of the mobility of charge carriers in the composite film i.e. at 57 

higher frequencies blends of molecules starts vibrating with large amplitude within the polymeric 58 

chains hence the effect of increase in conductivity of blends 59 

 60 

 61 

https://www.sciencedirect.com/science/article/pii/S2187076416301087#bib0015
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                                                               a) 1:1 EC-PVA (5% PA) 63 

Fig 1 (a): Variation between Ac Conductivity and Frequency at Different Constant 64 

Temperatures 65 

 66 

Figure 1 (b) shows the relation between dielectric constant and frequency at different constant 67 

temperatures 303K 313K, 323K, 333K and 343K. Plot shows dielectric constant decreasing with 68 

increasing frequencies from 1 KHz to 1MHz.. The decrease of dielectric constant with increasing 69 

frequency is the expected behaviour in most dielectric materials. This is due to dielectric 70 

relaxation which is the cause of anomalous dispersion. From a structural point of view, the 71 

dielectric relaxation involves the orientation polarization which in turn depends upon the 72 

molecular arrangement of dielectric to be material. So, at higher frequencies, the rotational 73 

motion of the polar molecules of dielectric is not sufficiently rapid for the attainment of 74 

equilibrium with the field, hence dielectric constant seems to be decreasing with increasing 75 

frequency [8] 76 
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                                                             a) 1:1 EC-PVA (5% PA)  78 

    Fig 1 (b): Variation between Dielectric Constant and Frequency at Different Constant Temperatures. 79 
    80 

Conclusion  81 

AC electrical conductivity and dielectric constants have been measured at different temperatures 82 

and at the different frequencies, it is found that ac conductivity of thin film increases with 83 

increase in temperature for all values of frequencies and it increases with increase in frequencies 84 

at constant temperature. The decrease of dielectric constant with increasing frequency is the 85 

expected behaviour in most dielectric materials. This is due to dielectric relaxation which is the 86 

cause of anomalous dispersion. From a structural point of view, the dielectric relaxation involves 87 

the orientation polarization which in turn depends upon the molecular arrangement of dielectric 88 

to be material. So, at higher frequencies, the rotational motion of the polar molecules of 89 

dielectric is not sufficiently rapid for the attainment of equilibrium with the field, hence 90 

dielectric constant seems to be decreasing with increasing frequency. 91 

Reference 92 

[1]     J.L. Acosta and E. Morales, “Structural, morphological and electrical characterization of 93 

polymer electrolytes based on PEO/PPO blends”,            Solid State Ion, 85, 1-4, 85-90, 94 

(1996).  https://doi.org/10.1016/0167-2738(96)000458  95 

[2] J.Y. Kim and S.H. Kim, “Ionic conduction behavior of network polymer electrolytes 96 

based on phosphate and polyether copolymers”, Solid State Ion, 124,1-2, 91-99, 97 

(1999). https://doi.org/10.1016/s0167-2738(99)00104-6  98 

[3] M. Kryezewski, Polym. Sci. Polym. Symp. (USA), 50, 359, (1975). 99 

[4] C.A.J. Mead, “Operation of Tunnel Emission Devices”, Appl. Phys. USA, 32, 4, 646-100 

652, (1961).   https://doi.org/10.1063/1.1736064  101 

[5] Lina Mikoliunaite, Reda Kubiliute, Anton Popov, Jaroslav Voronovi, Simas 102 

Sakirzanovas, Almira Ramanaviciene, Arunas Ramanavicius’ Chemija,  25, 63-103 

69, (2014). 104 

[6] J. Jancar, J.F. Douglas, F.W. Starr, S.K. Kumar, P. Cassagnau, A.J. Lesser, S.S. 105 

Sternstein and M.J. Buehler, Current issues in research on structure–property 106 

https://www.sciencedirect.com/science/article/pii/S2187076416301087#bib0015


 

 

relationships in polymer nanocomposites, Polymer, 51, 15, 3321-3343, 107 

(2010).https://doi.org/10.1016/j.polymer.2010.04.074  108 

[7]   A. Beth, Miller-Chou, Jack L. Koenig, A review of polymer dissolution, Progress in 109 

polymer science 28, 1223–1270, 2003. 110 

[8]  G. Attia1 and M.F.H. Abd El-kader2, Structural, Optical and Thermal Characterization 111 

of 112 

  PVA/2HEC Polyblend Films in Int. J. Electrochem. Sci., 8 (2013) 5672 – 5687 113 

 114 

 115 


