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Abstract - Sodium Alginate doped with Copper oxide composite 

polymer films was developed through Solution casting method. 

The structural properties on these polymer nanocomposite thin 

films were characterized by X-ray diffraction. XRD shows all 

the individual constituents of these composites and the CuO 

peaks increases as CuO increased in the composites. 

Thermogravimetric analysis (TGA) technique was used for 

thermal stability of these composites. Temperature dependence 

of dielectric properties of these SA/CuO nanocopmosite 

polymer thin films we measured in the frequency range from 

100 Hz to 5 MHz. Dielectric properties of these composites 

strongly depends on the percentage of CuO and structure of 

these matrix. These type of composites are attracted much 

attention in battery applications.  

 

Keywords - Sodium Alginate, X-ray diffractometer, Solution 

Casting Method, Polymer nanocomposites, Dielectric properties. 

  

I. INTRODUCTION 

Blending polymer products is the latest technique 

for optimizing different polymer matrices and is a valuable 

method for producing substances with an extensive diversity 

of characteristics. Polymer characteristics may be improved 

by combining two or more polymers and/or adding 

organic/inorganic components for use in various applications.  

The melt blending and solvent casting routes are the most 

common ways for the manufacturing of polymer blends or 

composites. The development of the dielectric polymer 

nanocomposite films based on organic polymer and 

inorganic metal oxides has attracted the attention of 

researchers due to its potential applications in electronic 

devices [1-3]. In the synthesis of the polymer 

nanocomposites, biopolymer has acquired great significance 

due to its novel properties. Sodium Alginate (SA) is one of 

the biodegradable polymers and it is an inexpensive better 

film-forming ability, and environmentally safe. In the last 

decade, extensive work has been carried out using SA 

membranes on the structural, morphological, thermal, 

mechanical, and optical properties [4-7]. SA doped with 

different metal oxides has been used in various applications 

such as energy storage devices [3], food industry [8], 

pervaporation [5], controlled drug delivery [9]. Nature of the 

electrical behavior like bonding of the grains, grain motion 

and conduction of the polymer nanocomposites was 

explained by the dielectric behavior. The dielectric properties 

of the materials not only depend on the polymer structure but 

also it is depending on the properties and the sizes of the 

particles used. Jundale et al., studied the structural and 

electrical properties of thin films of polyaniline doped with 

copper oxide which are fabricated on the glass substrate by 

spin coating method  [10]. Siddiqui et al., reported the 

synthesis of CuO/Alginate composite with enriched electrical 

properties by the sol-gel method [11]. Shameem et al., 

observed high ionic conductivity with Sodium Lithium 

sulfide nanoparticles in the alginate matrix and was 

successfully fabricated by using microwave irradiation 

method [12]. Shital et al., investigated the electric modulus 

and dielectric relaxations in the PVA/ZnO composite films 

prepared by solution casting method [13]. Brijesh et al., 

reported the synthesis and electrical properties of metal 

nanoparticle and rare earth ion dispersed in polyvinyl alcohol 

film fabricated by the solvent evaporation method [14]. For 

the past few years, CuO has gained significant importance 

due to its monoclinic p-type semiconducting nature that 

possesses better electrical, catalytic and optical properties 

synthesized by simple reflux condensation method [15]. 

Besides, it has some promising applications in different 

fields such as gas sensors, electrochemical devices, light-

emitting devices, solar cells, high-energy radiation, hydrogen 

storage systems, optical limiters, microwave observers, 

shielding materials, thermoelectric materials and lithium-ion 

batteries because of its environmental stability [15-18]. In 

this connection, we herein plan to synthesize the copper 

oxide nanoparticles by hydrothermal method and to 

incorporate them into the SA matrix to fabricate by 

ultrasonic-assisted solution casting method with varied 

concentrations of CuO to accomplish improved dielectric 

properties [19]. These type of composites are attracted much 

attention in battery applications.  

II. EXPERIMENTAL METHODS 

II.1. Synthesis of copper oxide nanoparticles 

The stoichiometric ratio of Cu(NO3)23H2O and 

NaOH pellets were dissolved separately in distilled water 

with magnetic stirring. Then the prepared NaOH solution 
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was added drop by drop into the copper solution for half an 

hour under constant magnetic stirring. The precipitate color 

was changed from blue to black. Further, this colloidal 

suspension was transferred into the 200ml Teflon-lined 

autoclave. Then kept in a hot air oven at a temperature of 

150oC for 8 hours. Later, this solution is centrifuged to get 

the powder sample. To remove strains and impurities from 

the obtained powders,it was with washed with distilled water 

and ethanol for several times. Then, the collected final 

product dried at a temperature of 80oC to get the required 

CuO nanoparticles. 

II.2. Synthesis of SA-CuO polymer nanocomposite thin 

films 

The required nanocomposite polymer films are 

prepared by a solution casting method [19, 20]. For this, 5gm 

of sodium alginate dissolved in the 90ml of distilled water 

under magnetic stirring. This stirring continues until the 

formation of the homogenous solution for 48 hours. Then the 

desired weight percent amount of CuO was dispersed in 

10ml distilled water using a probe sonicator and the magnetic 

stirrer. This solution was poured into the SA solution through 

the process of stirring. Again, this solution was sonicated for 

15min to achieve a good dispersion of CuO in the SA matrix. 

Later, this solution was poured into Petri dishes and left dry 

at room temperature. Then the films are peeled off and stored 

in the desiccator. The SA films have been fabricated with 

different concentrations i.e., 0%, 5%, 10%, 15% of the CuO. 

Thus, black colour freestanding films were obtained. These 

films named C0, C5, C10, and C15 respectively that are free 

of air bubbles. 

II.3. Characterization techniques 

X-ray diffraction profiles of the prepared polymer 

nanocomposites were recorded by using Bruker, X-Ray 

Powder Diffractometer, CuKα, λ=0.15406nm. The Thermal 

Analysis System (TA Instruments, New Castle DE, UK) 

observed thermal stability of the SA-CuO polymer 

nanocomposite thin films. The degradation temperatures 

were evaluated by TA instruments (Model-STA, Q 600, 

USA). The morphology of the films was observed by using 

FE-SEM, ZEISS, Ultra-55 instrument. The dielectric 

properties were studied by using LCR HiTESTER (HIOKI 

3532-50, Japan). These measurements are carried out in the 

temperature range of room temperature to 100oC and 

frequency ranging from 100 Hz – 5 MHz. 

 

III. RESULTS AND DISCUSSION 

III.1. X-ray diffraction analysis 

Fig. 1. XRD patterns of a) pure SA (C0), b) CuO nanoparticles, c) C5, C10, and C15. 

 

The pure Sodium Alginate (C0), CuO 

nanoparticles, and their polymer nanocomposites were 

characterized by  X-ray diffractions and shown in Fig. 

1(a)-(c). The diffractogram of pure Sodium Alginate (Fig. 

1a) shows a broad diffraction peak at 2θ=13.32o because 

of its amorphous nature [21, 22]. The XRD (Fig. 1b) of 

the pure CuO nanoparticles showed structurally 

monoclinic and all the diffraction peaks were matched 
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with JCPDS No. (89 - 2529). The values of d-spacing are 

evaluated according to Bragg’s law i.e., λ = 2dsinθ, where 

λ is the X-ray wavelength, θ is the diffraction angle, d is 

the interplanar spacing. The crystalline sizes (Ls) are 

evaluated by using Scherrer’s relation; L = kλ/βcosθ [23], 

where k=0.94 is the constant, β is the full width half 

maximum (FWHM). The XRD pattern (Fig. 1c) of C5, 

C10, and C15 nanocomposites reflect the peaks of CuO 

and the peak corresponding to the pure SA. As the CuO 

increases in the polymer nanocomposites, the 

corresponding Sodium Alginate peak also sharpen. All the 

CuO nanoparticles were dispersed well in the Sodium 

Alginate matrix. A similar observations was made by 

Sambyal et al., in Barium Strontium Titanate, graphite in 

polyaniline blends. Suma et al., also determined same 

trend in polyvinya alcohol-Ag0.5Cu0.75O composite films 

by solution casting method.  

III.2. Surface morphology 

SEM images of the nanocompositess were 

examined to assess the morphology and the dispersion of 

CuO nanoparticles in the SA matrix and corresponding 

images are shown in Fig. 2 (a-e).  

Fig. 2. SEM images of a) C0, b) CuO nanoparticles, c) C5, d) C10 and e) C15. 
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The pure SA has shown smooth surface morphology 

(Fig. 2a). The morphology of the pure CuO nanoparticles is 

shown in Fig. 2b. The morphology in the case of C5, C10 

and C15 was differing with compare to the pure Sodium 

Alginate. The uniform morphology with roughness has been 

observed on the surface of SA-CuO nanocomposites with the 

doping of CuO. As the size of the dispersed particle becomes 

tinier and the dispersion of the particle is more homogenous 

then the uniform films of improved electrical properties have 

been developed [24]. In addition, as CuO content in the SA 

matrix increased, some aggregates are appearing at high 

content of the CuO and distributed uniformly on the surface 

of the matrix i.e., in the case of C15 (Fig.2e). Besides, the 

number of particles appearing on the surface with uniform 

distribution also enhanced with CuO content in the NCs 

(Fig.2(c-e)). This reveals the good compatability between 

polymer matrix and the CuO. 

III.3. Thermogravimetric analysis (TGA) 

 
Fig. 3. TGA thermograms of C0, C5, C10, and C15. 

 

To examine the thermal degradation of the 

synthesized polymer composite thin films, the thermograms 

were drawn and depicted in Fig.3 and the thermal 

degradation displayed in two steps. A total of 6% weight loss 

was observed from 30oC – 55oC, 8% weight loss from 55oC – 

150oC, 55% weight loss from 150 oC – 350 oC in the pure SA 

film. The weight loss is considerably varied due to doping of 

CuO in the SA matrix. Initially 8% in the temperature range 

from 30 oC – 90 oC, due to the moisture retained in the films, 

which is absorbed from the atmosphere. Later 9% loss from 

90oC – 208oC due to the decomposition of the polymer and 

30% weight loss was noticed from 208oC – 360oC means that 

decomposition of the metal oxides starts after this 

temperature. Finally, 37%, 40% and 42% of the weight is 

retained in the sample for C5, C10 and C15 respectively. 

This attributed to the higher decomposition temperature of 

the nanocomposites leads to the excellent stability [6, 25]. 

These results are in coincidence with the DSC analysis. In 

addition, it was concluding that high thermal stability of the 

synthesized films is responsible for the various applications 

in high dielectric constant materials [26]. 

III.4. Dielectric measurements 

     To analyze the electrical properties of the 

polymer nanocomposites, the variation of dielectric constant 

(Ԑ'), dielectric loss (Ԑ''), and ac conductivity (σac) as the 

function of temperature in the range room temperature to 

100oC for C0, C5, C10 and C15 were studied.  

III.4.1. Variation of dielectric constant, dielectric loss with 

temperature   

The Ԑ'-T plot at 100 Hz frequency of SA and doped 

SA nanocomposites with CuO nanoparticles were shown in 

Fig.4a. The Ԑ' increases in an exponential manner, attained 

maximum value at 90 oC, and further decreases with an 

increase in temperature. This indicates the relaxation 

behavior of Ԑ'. The Ԑ' increases with CuO content in the 

nanocomposites. This indicates the mechanism of thermal 

activation takes place in the SA-CuO nanocomposites 

[27].The C15 is attained the higher values of Ԑ' at 100 Hz, at 

90oC. Fig.4b depicts Ԑ''-T plots of C0, C5, C10, and C15 at 

100 kHz frequency. The Ԑ'' exhibited a slow increasing 

pattern with temperature and attained a peak value at 90oC. 

Further Ԑ'' values are becoming low with the incorporation of 

CuO nanoparticles at higher temperatures. These types of 

relaxation are due to the accumulation of charge carriers at 

the polymer interfaces and undergo transition [28]. The 

highest value of the dielectric constant is at 90oC and 

tabulated in the Table 3.  

 
Fig.4. Variation of dielectric constant, dielectric loss          with temperature 

of C0, C5, C10, and C15 
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III.4.2. Variation of ac conductivity with temperature 

The Arrhenius equation which is assigned to the temperature 

dependent σac given by [29] 

σac = σoexp(-Ea /kT) 

where Ea is the activation energy, k is the 

Boltzmann constant.The temperature dependant σac values of 

SA-CuO nanocomposites are lower than the SA as shown in 

Fig. 5. Other than, this σac increased with temperature, attains 

the maximum value at a particular temperature and 

decreases. This can be attributed to the hoping of charge 

carriers between the localized states that this arises due to the 

availability of free volume at higher temperatures. Hence, it 

leads to enhanced conductivity [13]. As nanoparticles 

increasing the distance between the particles become less 

there by it reduces the free volume and flexibility of the films 

[30, 31]. Thus, it results in lower σac values of 

nanocomposites due to the presence of CuO nanoparticles. 

The high conductivity values was observed for all the 

synthesized nanocomposites at 90oC temperature and shown 

in the Table 3. 

 
Fig.5. Variation of ac conductivity with the temperature of C0, C5, C10, and 

C15 

 Arrhenius plots were studied to investigate the 

activation energies of C0, C5, C10 and C15. The respective 

plots are shown in Fig. 6. The decreasing of activation 

energies of the SA-CuO nanocomposites observed with the 

addition of nano CuO in the SA and values are listed in 

Table3. A similar observation was reported by Baset et al., 

from the development of polyvinylchloride/Silica 

nanocomposite films with Ea values from 0.7-0.3 eV [32], 

and Ghamaz et al., reported that low values of Ea with doping 

of Methylene Blue dye in the PVA/PVP blend is due to 

hoping conduction mechanism for conductivity [33]. 

Fig.6. Arrhenius plots of C0, C5, C10, and C15 
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Table.1. Dielectric parameters of C0, C5, C10, C15 

Dielectric Parameters C0 C5 C10 C15 

Ԑ' at 90oC 2192 2243 2435 2640 

σac at 90oC (S/cm) 7.77x10-7 3.05 x10-7 3.63 x10-7 4.87 x10-7 

Ea (eV) 0.7473 0.6184 0.6504 0.7367 

 
IV. CONCLUSIONS 

The development of the dielectric polymer 

nanocomposite films based on organic polymer and inorganic 

metal oxides has attracted the attention of researchers due to 

its potential applications in electronic devices. The X-ray 

diffractograms of the pure CuO nanoparticles showed 

structurally monoclinic, and C5, C10, and C15 

nanocomposites reflect the peaks of CuO and the peak 

corresponding to the pure SA. As the CuO increases in the 

polymer nanocomposites, the corresponding Sodium Alginate 

peak also sharpen. All the CuO nanoparticles were dispersed 

well in the Sodium Alginate matrix. The uniform morphology 

with roughness has been observed on the surface of SA-CuO 

nanocomposites with the doping of CuO. As the size of the 

dispersed particle becomes tinier and the dispersion of the 

particle is more homogenous then the uniform films of 

improved electrical properties have been developed. The Ԑ' 

increases in an exponential manner, attained maximum value 

at 90oC, and further decreases with an increase in temperature. 

This indicates the relaxation behavior of Ԑ'. The Ԑ' increases 

with CuO content in the nanocomposites. This indicates the 

mechanism of thermal activation takes place in the SA-CuO 

nanocomposites.These types of relaxation are due to the 

accumulation of charge carriers at the polymer interfaces and 

undergo transition. 
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