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Abstract 

We have demonstrated the successful preparation of polyvinyl alcohol (PVA) composed CuBi2S3 polyionic (PI) composites. 

Polymer composites were sensitive to the external stimuli, the modified PVA moiety exhibits excellent electrical property as 

a function of temperature. The volume resistance measured by impedance analyzer (40 to 150
o
C) under broadband frequency 

(50Hz -1MHz). The negative temperature coefficient (NTC) was observed in the temperature range of 40 to 150
o
C. It offers 

the nonlinear resistivity, ρ = 10
5
 (Ω-m) across pure PVA moiety. The influence of polycationic-ions crucial to obtain the 

gradual decrease of resistivity (ρ) up to 10
4
 (Ω

-m
). The thermistor characteristics were disclosed as function of polyionic 

loading (wt %). Copyright © 2017 VBRI Press 
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Introduction 

Polyvinyl alcohol (PVA) is a solid pigment [1], ceramic 

products [2], plastic [3], cement [4], fibers [5], non-woven 

fabrics [6], catalyst pellets and cork compositions which 

has widely used in different areas of research including 

biological and medical field [7]. It is one of the most 

important polymeric material and has an excellent film 

forming, glossy in nature and better for recasting. PVA is 

semi crystalline polymer that is available in a range of 

grades that vary by the degree of hydrolysis [8]. The basic 

electrical and mechanical properties of PVA are based on 

the degree of polymerization. 

The electrical resistivity of polymers (such as polyvinyl 

alcohol, polyvinylchloride, polystyrene and polyethylene) 

is in the order of 10
15 

Ω cm [9]. The electrical properties 

of these polymeric materials can be increased by 

incorporation of filler into polymer matrix because the 

dispersed filler will enhance various physical properties of 

the polymers [10]. The electrical conductivity of PVA can 

be optimized by loading the filler. The composite not only 

combine the important properties of dopant and polymers 

but also exhibits many new properties that compare to 

virgin single-phase materials [11]. The cationic, anionic 

and multi-ionic fillers with PVA were demonstrated better 

electrical performance with silver, zinc, tungsten oxide, 

KNO3
,
 MgCl2, NiCl2, and PbTiO3. From this literature, we 

motivated to select the polyionic entity as the Copper 

Bismuth Sulphide (CuBi2S3). 

It is a ternary compound belongs to semiconducting 

material, new emerging semiconductor and is believed to 

be a potential candidate for photovoltaic application. 

Initially polyionic possess suitable optical properties for 

solar cells (Eg = 1.4eV and a high optical absorption 

coefficient α > 10
4
cm

-1
). Besides it consists of 

comparatively earth abundant, cheap as well as non-toxic 

elements. It was widely used in many applications such as 

hydrogen storage, high energy batteries and catalytic 

fields. Based on these promising characteristics numerous 

methods have been reported to deposit polyionic thin 

films such as reactive sputter, co-evaporation, 

sulphurization of the electroplated metallic stacks and 

solid state reaction [12-15]. Various methods were used 

for the production and characterization of copper bismuth 

sulphide nanocrystals in the present era [16-17]. 

In the present research work we have selected the PVA 

with copper bismuth sulphide (CuBiS) metal precursor to 

study and disclosed the resistivity as a function of 

temperature with varying concentration of polyionic 

composite. It was feasible for the thermistor applications. 

 

Experimental 

Materials 

PVA graduals-LR grade supplied by SDFL, Mumbai, 

India, (molecular weight 85.000). CuBiS was prepared as 

mentioned in the reference [16].  

Casting of PVA/CuBiS composite films 

Mixture of PVA with polyionic were prepared by solution 

casting method at different weight ratio of polyionic  

(0, 10, 20, 30 wt %). First PVA powder was dissolved in 

distilled water by gently stirred at 410 rpm at 60°C to get 
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complete dissolution. The required quantity of polyionic 

was mixed separately with distilled water and added to 

the polymeric solution with continuous stirring at 350 rpm 

at 30 °C for 12 hr. The solution so obtained was poured in 

the petri dish at 35 °C for 48 hr to get composite film. The 

composite film was peeled from the petri dish and kept 

for further characterization. 

 

Results and discussion 

Morphology of pure and modified ionic composites 

Poly vinyl alcohol (PVA) and polyionic composite was 

investigated by using scanning electron microscope 

(SEM). It provides the ionic network of fillers, phase 

separation, polymer network, aggregation, thermal impact 

possessing of composites. The surface morphology of the 

samples annealed at different weight ratio is shown in 

fig1. The SEM image shows the polygon shape granules is 

obtained without doping in Fig. 1(a).  

The SEM image obtained for 10wt% of polyionic 

doping levels is shown in Fig 1(b). The bright spots 

present on the surface because of the presence of 

polyionic entity. This results in significant change in 

surface morphology of PVA/polyionic composites. We 

demonstrated some bright aggregations uniformly 

occupied polyions cross-linked with PVA. In Fig 1(c) 

shows the SEM image formed at 20 wt% loading of 

polyionic shows the very clear presence of micro-cracks 

and voids composed with PVA system is observed. It may 

be due to increase in the doping level. In Fig. 1(d) shows 

the SEM image formed at 30 wt% addition of polyions 

exhibit bubble spots is obtained throughout the substrate. 

It is clear that the particles have highly mono dispersive in 

nature. It was observed that the microstructure of PVA 

and polyionic film changed due to introduction of 

different amounts of polyionic into PVA. The SEM 

analysis reveals that PVA and polyionic formed 

composites.  

 

 

Fig.1. SEM micrographs of (a) PVA/PI: 100:0, (b) PVA/PI: 90:10, (c) 
PVA/PI: 80:20, (d) PVA/PI: 70:30 composites,        

Testing of pure and modified composite as thermistor  

The relationship between the electrical resistivity (ρ) and 

temperature (°C) plots with different weight ratio of 

polyionic concentration is shown in fig (2). The electric 

resistance of PVA and polyionic was measured in the 

temperature range from 29 to 150°C. It can be seen that 

the resistivity – temperature characteristics are changed 

with weight percentage. From the graph, we understood 

that resistance of the thermistor decreases almost linearly 

(i.e. quasi linear behavior) with increase in temperature 

[18]. The resistivity obtained in this work can be primarily 

attributed to the grain size of the samples. Large grain size 

implies small number of insulating grain boundaries and 

hence lower energy barrier to electron conduction 

resulting in lower resistance [19]. At small weight 

percentage, it exhibits low temperature resistivity and 

increasing the weight percentage the room temperature 

gradually increase. This change in resistance and 

temperature characteristics of thermistor from exponential 

to quasi linear is mainly due to the contribution of 

polyionic composite. It is clear that polyionic reinforced 

polymer composite demonstrates a negative temperature 

coefficient thermistor behavior effects over a wide 

temperature range from 90 to 150 °C and gradually 

become strong. The resistivity varied gradually with 

increasing the temperature. 

  

                                                     
Fig. 2. Temperature dependent resistivity of pure PVA, PVA/PI: 90:10, 
PVA/PI: 80:20, PVA/PI: 70:30     

 

Conclusion  

In the present investigation, we prepared the 

PVA/polyionic composite films by solution casting 

method. SEM morphology represents the presence of 

polyionic entity and exhibits the bubble spot and micro 

cracks shapes present on the surface. We propose that 

adding the lower amount of polyionic loading with 

polymer demonstrated the stable NTC thermistor property 

and loading of 10% polyions with PVA system exhibit 

better (NTC) thermistor property. The electrical 

characterization of composite films was performed by 

impedance analyzer to confirm the change in resistivity as 

function of temperature. 
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