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Different contents of manganese oxide (MnO2) and zinc oxide (ZnO) were combined with 
polyvinyl alcohol (PVA) to form flexi MnO2/PVA as well as ZnO/PVA nanocomposite 
films. XRD as well SEM methodologies are used to evaluate the properties of the 
fabricated films. The XRD analysis demonstrates that MnO2/PVA as well as ZnO/PVA 
composites were effectively fabricated. The SEM pictures show that MnO2 and ZnO are 
uniformly dispersed throughout the PVA polymeric chains. Furthermore, the electrical 
conductivities, dielectric permittivity, electric moduli behaviors, as well as dielectric 
impedances of PVA, MnO2/PVA, ZnO/PVA films were recorded using LCR method in 
frequencies 102 to 106 Hz. At 105 Hz, the dielectric enhanced from 2.05 for PVA to 5.5 on 
PVA/5%ZnO and 4.15 for PVA/10%MnO2, while the conductivities increase from 
1.05x10-7 S/cm for PVA to 4.01x10-7 S/cm for PVA/5%ZnO and to 5.4x10-7 S/cm for 
PVA/10%MnO2. The current work pave the way to using of ZnO/PVA and MnO2/PVA 
flexi nanocomposite films in a different uses including battery, super-capacitors, as well as 
storage devices. 
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1. Introduction 
 
Ongoing progress is being made toward the manufacture of more flexible dielectric 

nanocomposites, which can lead to distinctive designated technologies [1]. The nanocomposites 
films were created by dispersing nano-sized inorganic additives in an organic polymeric matrix 
[2]. Those composites have been employed in a variety of implementations, such supercapacitors 
as well as stretchy electrodes [3]. Composite films with distinct structural as well as dielectric 
properties are used as substances for electrical energy storage instruments [4]. The composite films 
are important because they merge the polymer's machinability, longevity, as well as ductile 
qualities with the thermal stability as well as electric conductivities of the nano-additive [5]. As a 
consequence, by selecting a polymer structure as well as a nanofiller structure, the physical 
characteristics of the composite material may be altered for intended device uses [6]. 

Metallic oxide nanoparticles have potential uses in sensing, electrical device development, 
as well as biomedical activities. Scientists have expressed a desire to select materials that are 
acceptable for the intended purposes [7]. Because of its good biocompatibility, manganese dioxide 
(MnO2) has sparked the attention of nanotechnology research groups [8]. MnO2 was used as an 
electro-catalyst for oxygen production as well as reductions in both aqueous and organic 
electrolyte [9]. MnO2 is a high-performance substance with exceptional physical and chemical 
features [10]. 
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On the other side, the insertion of inorganic ZnONPs additive into the polymeric chains 
induces both chemical and structural alterations in the composite samples. ZnONPs is much 
functional than micron-sized ZnO that enhances the mechanical as well as dielectric qualities of 
the polymeric chains [11]. ZnO provides greater resistance to deterioration with dispersed 
uniformity [12]. Several studies have been conducted to investigate the impact of distributing ZnO 
into the PVA polymer matrices on the conductance and dielectric characteristics of polymeric 
films [13,14]. The amount of inorganic filler in the polymeric chains influences both the electron 
transit and the formation of electric pathways [15]. 

Moreover, PVA polymeric substances can be easily handled and moulded into sheets 
utilizing different preparation processes [16]. The suggested PVA polymer has undergone 
significant research as an excellent host lattice for several kinds of fillers nanostructures [17]. 
Because of its hydrophilicity, chemical resilience, as well as electrical insulation characteristics, 
PVA is also widely employed in electronic equipment [18,19]. Moreover, PVA with hydroxyl 
groups possesses a carbon chain backbone that may be used as a hydrogen - bonded source in the 
production of filler composite materials [20]. This research aims to enhance the electrical 
conductivity, dielectric characteristics, as well as energy density ability of MnO2/PVA and 
ZnO/PVA flexi composite films to be used in the dielectric devices. 

 
 
2. Experimental work 
 
The PVA solutions were mixed with ZnO (0.5% and 5%) as well as MnO2 (2.5% and 

10%) utilizing solution cast fabrication methodology [21]. The MnO2/PVA as well as ZnO/PVA 
nanocomposites were casted, placed into petri plates, then left to dry in a 40 °C oven for a 24-hour 
period. Subsequently, the films cut into 1.5×1.5 cm portions for made the characterization. The 
formed films had mean thicknesses of 0.5 mm. XRD (Shimadzu-6000) was used to record out the 
structural characteristics of these films. Scanning electron microscopy (SEM; JEOL; Japan) was 
used to examine the surface changes of MnO2/PVA and ZnO/PVA films. The dielectric 
characteristics are measured with a programmed LCR meter (3531Z, Hioki, Japan). 

 
 
3. Results and discussion 
 
Figure 1 depicts the XRD of PVA, MnO2/PVA, as well as ZnO/PVA samples. The graph 

represents just one peak for PVA around 2θ =19.7o, implying that PVA has a semi-crystalline 
framework. The creation of MnO2 is proven by the shifting strengths of PVA diffract peaks with 
increasing manganese dioxide concentration, as illustrated in Fig.1a. Furthermore, the diffraction 
peaks at 2θ = 19.7° are moved towards to the reduced 2θ, as well as the diffraction intensity 
increases when compared to PVA [22].  

Moreover, as depicted in Fig.1b [23], the major peaks of ZnO are found at scattered 
inclinations 2θ = 31.6, 34.4o, as well as 36.2o, corresponded to reflects (100), (002), and (101) 
planes. The results demonstrate that the composite films comprise of just 2 phases: PVA as well as 
ZnO, without any additional phases, supporting the effective preparation of ZnO/PVA composites 
[24]. The peak intensity of PVA at 2θ =19.7o is modified by MnO2 as well as ZnO, as illustrated in 
Fig.1a,b respectively, indicating that MnO2 and/or ZnO are effectively incorporated in the PVA. 
Further, the enlargement of the full width half maximum (FWHM) of the PVA diffracting peak at 
19.7o reveals substantial MnO2 and ZnO diffusibility into the PVA polymeric chains. The 
crystallite MnO2 and ZnO size are estimated by Debye-Scherrer formula, D= (0.9*λ)/(β cosθ) [24]. 
The recorded D of MnO2 is 28.4 nm and 32 nm for ZnO. 
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Fig. 1. XRD of (a) PVA, PVA/2.5%MnO2, PVA/10%MnO2. (b) PVA, PVA/0.5%ZnO  
as well as PVA/5%ZnO.  

 
 

 

 

 
 

Fig. 2. SEM micrographs of (a) pure PVA, (b) PVA/2.5%MnO2,(c) PVA/10%MnO2, 
(d) PVA/0.5%ZnO and (e) PVA/5%ZnO films. 
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SEM Micrographs of PVA, PVA/2.5%MnO2, PVA/10%MnO2, PVA/0.5%ZnO, as well as 

PVA/5%ZnO films are shown in Figures 2(a-e). Fig. 2a exhibits the morphological characteristics 
of the pure PVA film, demonstrating that it is uniform as well as homogeneous [25]. Besides that, 
the SEM pictures of the PVA film upon incorporation of MnO2 and ZnO demonstrated the 
existence of granule shapes as well as the spread of white points. This reveals the presence of 
MnO2 and ZnO in the polymer matrices, as displayed in Figs. 2(b-e). The morphologies of the 
images are showing the integration of MnO2 and ZnO with effective dispersal in PVA. The 
homogenous spread of MnO2 and ZnO in PVA matrix is enhanced by increasing the filler (MnO2 
and ZnO) content as illustrated in Figure 2(b,c) for MnO2 and as as seen in Fig. 2(d,e) for ZnO. 
This demonstrated that MnO2 as well as ZnO generated alterations in PVA nanostructures due to 
their excellent interactions with PVA [26]. 

The constant 𝜺𝜺`, that means a material's ability to store electrical charges, is derived using 
capacitance measurements by [27]. 

 
𝜀𝜀 ` =   𝐶𝐶 .  𝑑𝑑

𝜀𝜀𝑜𝑜 .𝐴𝐴
                                                                             (1) 

 
C is capacitance, A denoted to electrode area, 𝜺𝜺𝒐𝒐 is permittivity ~8.85x10-12 F/m, and d is 

thickness. Figure 3 depicts the 𝜺𝜺` as a frequency dependent variation for PVA, PVA/0.5%ZnO, 
PVA/5%ZnO, PVA/2.5%MnO2, as well as PVA/10%MnO2. The dielectric constant is altered by 
the operating frequency as a result of the free charge carriers that move over the substance. And 
raising the implemented frequency results in an alteration in 𝜺𝜺` , since the space charge 
contributions is critical in the polarizability processes [28]. At frequency 105 Hz, the 𝜺𝜺` rises from 
2.05 for pure PVA to 4.15 for PVA/10%MnO2 as well as 5.5 for PVA/5%ZnO, as shown in Table 
1. 
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Fig. 3: 𝜺𝜺` against frequency of PVA, PVA/0.5%ZnO, PVA/5%ZnO PVA/2.5%MnO2 as well as 
PVA/10%MnO2 samples. 

 
  

The imaginary dielectric loss 𝜺𝜺``, is generally estimated by the using 𝐭𝐭𝐭𝐭𝐭𝐭𝐭𝐭  by[29]. 
 

   𝜀𝜀′′ = 𝜀𝜀′ tanδ                                                                           (2) 
 
Figure 4 depicts the dependence dielectric loss 𝜺𝜺``  on frequency for PVA and varied 

amounts of ZnO as well as MnO2. The 𝜺𝜺`` of all films changes as the input frequency rises [30]. 
The variation in 𝜺𝜺`` with frequency is attributable to charging influences that produce a change in 
electrical oscillations [31]. Table 1 shows that at 105 Hz, the 𝜺𝜺`` increases from 0.133 for pristine 
PVA to 0.72 for PVA/5%ZnO as well as 0.97 for PVA/10%MnO2. The increase in 𝜺𝜺`` is a result of 
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the enhancement of linkage among PVA with ZnO and MnO2. The variation in dielectric 
permittivity’s is related to a modification in dipole number that corresponds to polarization as well 
as dipole structuring [32]. Furthermore, the increased dielectric permittivity’s caused by ZnO and 
MnO2 are due to the dipolar relaxing characteristic [33]. The dispersal of ZnO and MnO2 in the 
PVA polymeric matrix caused alterations in relaxation properties of PVA. 
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Fig. 4. 𝜺𝜺`` against applied frequency of PVA, PVA/0.5%ZnO, PVA/5%ZnO PVA/2.5%MnO2 and 
PVA/10%MnO2 samples. 

 
 
The modulus M that is represented by the formula [34]  
 

            M =  1
ε′+ iε′′ = M′ + i M′′                                                                (3) 

 
 𝐌𝐌′′  and 𝐌𝐌′ were the imaginary as well as real components of the electrical moduli, 

correspondingly, and the real term is  𝐌𝐌′ = 𝛆𝛆′

𝛆𝛆′𝟐𝟐+𝛆𝛆′′𝟐𝟐
  , whereas the imaginary term is  𝐌𝐌′′ =

 𝛆𝛆′′

𝛆𝛆′𝟐𝟐+𝛆𝛆′′𝟐𝟐
. Figure 5 depicts the fluctuation of M' with operating frequency for pure PVA, 

PVA/0.5%ZnO, PVA/5%ZnO, PVA/2.5%MnO2, and PVA/10%MnO2 films.  
 
 

Frequency (Hz)
5e+6 1e+7 2e+7 2e+7

R
ea

l M
od

ul
us

 (M
')

0.0

0.1

0.2

0.3

0.4

0.5

Pure PVA
PVA/0.5%ZnO
PVA/5%ZnO
PVA/2.5%MnO2
PVA/10%MnO2

 
 

Fig. 5. M‘ against supplied frequency for PVA, PVA/0.5%ZnO, PVA/5%ZnO, PVA/2.5%MnO2  
as well as PVA/10%MnO2 films. 
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According to the graph, the quantity of 𝐌𝐌′ varies with the operating frequency of all films 

that support the polarization electrode and provide a negligible contribution to the substances. 
Furthermore, the quantities of 𝐌𝐌′ for the films drop as ZnO and MnO2 concentrations increase due 
to segmented chain movement as well as free carriers [35]. The 𝐌𝐌′ coefficients in PVA steadily 
decrease as the ZnO and MnO2 increase. Table 1 shows that at 105 Hz, the 𝐌𝐌′ decreases from 
0.393 for pure PVA to 0.164 for PVA/10%MnO2 as well as 0.178 for PVA/5%ZnO. This is 
because ZnO and MnO2 rise with conductivity thus diminish composites film relaxations. 

M" with operating frequency for PVA, PVA/0.5%ZnO, PVA/5%ZnO, PVA/2.5%MnO2, 
as well as PVA/10%MnO2 films is represented in Fig.6. The M" changes due to the orientated 
their-self at low frequencies, allowing for higher permittivity [36]. At 105 Hz, the modulus M" is 
reduced from 3.63*10-2 for pure PVA to 2.33*10-2 for PVA/5%ZnO as well as 2.67*10-2 for 
PVA/10%MnO2, as shown in Table 1. The reductions in electrical modulus value are due to the 
involvement of free carriers [37]. As a result, the charge carriers increases, the conductivity 
increases, and hence electrical permittivity reduced. 

The relaxation time  𝛕𝛕𝒓𝒓 of the is estimated by raising concentrations of ZnO or 
MnO2,  by [38]. 

 
τ𝑟𝑟 = 1

2𝜋𝜋𝑓𝑓𝑝𝑝
                                                                                 (4) 

 
The fluctuation in 𝛕𝛕𝒓𝒓   values is due to the interaction of ZnO and MnO2 with PVA, 

whereas 𝒇𝒇𝒑𝒑  is the applicable frequency rating based to the relaxation peaks. The anticipated 
relaxation time drops from 7.4*10-8 sec for pristine PVA to 5.1 *10-8 sec for PVA/0.5%ZnO, to 
3.5*10-8 sec for PVA/5%ZnO, and reduced to 4.9*10-8 sec for PVA/2.5%MnO2 and to 3.3*10-8 sec 
for PVA/10%MnO2. This is due to the fact that ZnO and MnO2 reduce the time necessary for 
dipole orienting. This finding validates the flexibility and effective dispersal of ZnO and MnO2 
within PVA [39]. The decrease in relaxation time τ𝑟𝑟 caused by ZnO and MnO2 is owing to their 
mobility and high conductivity.  
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Fig. 6. M" against frequency for PVA, PVA/0.5%ZnO, PVA/5%ZnO PVA/2.5%MnO2 as well as 
PVA/10%MnO2 samples. 

 
 
Moreover, the following method [40] is used to calculate impedance Z*. 
 

𝑍𝑍∗ = 𝑍𝑍′ + 𝑖𝑖𝑖𝑖′′                                                                          (5) 
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Z* is impedance, Z′ is real impedance, and Z′′ is imaginary impedance. Z′ reduced by 
frequency as seen in Fig.7. Conduction rises as the number of free charges grows while the 
impedance remains constant [41]. The films that have been treated with ZnO and MnO2 act 
comparable to PVA films. As previously stated, the induced charge free carriers reduce the Z' drop 
by increasing ZnO and MnO2. Furthermore, when ZnO and MnO2 concentrations grew, 
conductivity as well as free carriers rose, altering the impedance. 
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Fig. 7. Z' against frequency for PVA, PVA/0.5%ZnO, PVA/5%ZnO PVA/2.5%MnO2 as well as 
PVA/10%MnO2 samples. 

 
 
Energy density (U),  that measure the ability to store energy, is given by [42]: 
 

𝑈𝑈 = 1
2

 𝜀𝜀′𝜀𝜀𝑂𝑂 𝐸𝐸2                                                                                   (6) 
 
E corresponds electric field, as E = 1 V/mm, 𝜀𝜀′ is the dielectric constant and 𝜀𝜀𝑂𝑂= 8.85*10-

12 F/m. The energy density U is plotted against frequencies for PVA, PVA/0.5%ZnO, 
PVA/5%ZnO, PVA/2.5%MnO2, as well as PVA/10%MnO2 films, as illustrated in Fig. 8. As 
demonstrated in Fig.8, there is a significant improvement in the energy density of PVA/MnO2 and 
PVA/ZnO composite films when compared to untreated PVA. As shown in Table 1, the energy 
density of PVA at 105 Hz is 0.91*10-5 J/m3, increasing to 1.83*10-5 J/m3 for PVA/10%MnO2 and 
2.43*10-5 J/m3 for PVA/5%ZnO. This is due to the inclusion of ZnO and MnO2 within PVA 
resulting in faster charge transfer within PVA. These findings support the effective inclusion of 
ZnO and MnO2 into the PVA polymeric chains, which increased the dielectric response and 
thus energy storage capabilities. 
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Fig. 8. U variation with frequency of PVA, PVA/0.5%ZnO, PVA/5%ZnO PVA/2.5%MnO2 and 
PVA/10%MnO2 samples. 

 
 

Table 1. 𝜀𝜀 `
 , 𝜀𝜀 ``

, M' , M"  , Z', σac  and U for PVA, PVA/0.5%ZnO, PVA/5%ZnO PVA/2.5%MnO2 and 
PVA/10%MnO2 samples. 

 
 𝜺𝜺` 𝜺𝜺``              M'  M"  σac (S/cm) U(J/m3) 

Pristine PVA 2.05 0.133 0.393 0.0363 1.05*10-7 0.91*10-5 
PVA/0.5%ZnO 3.49 0.167 0.345 0.0127 0.71*10-7 1.54*10-5 
PVA/5%ZnO 5.50 0.720 0.178 0.0233 4.01*10-7 2.43*10-5 
PVA/2.5%MnO2 5.95 0.469 0.238 0.0269 2.6*10-7 2.63*10-5 
PVA/10%MnO2 4.15 0.970 0.164 0.0267 5.4*10-7 1.83*10-5 

 
 
The relationship between electrical conductivity 𝜎𝜎𝑎𝑎𝑎𝑎  with frequency exponent (S) is 

represented by the equation [43]: 
 

σ𝑎𝑎𝑎𝑎 = 𝐴𝐴𝜔𝜔𝑆𝑆                                                                             (7) 
 
𝝎𝝎 is frequency, S is frequency exponent, that is usually below than or equals to one. Fig.9 depicts 
the electric conductivities 𝛔𝛔𝒂𝒂𝒂𝒂 with frequency of PVA, PVA/0.5%ZnO, PVA/5%ZnO, 
PVA/2.5%MnO2, and PVA/10%MnO2 films. Interestingly, the ac electrical conductivity of all 
films increases with higher frequency, possibly attributed to the increase in mobility of charge 
carriers with applicable electric fields [44]. At the operating frequency of 1MHz, the 𝛔𝛔𝒂𝒂𝒂𝒂 is raised 
from 1.05*10-7 S/cm for pristine PVA to 4.01*10-7 S/cm for PVA/5%ZnO and to 5.4*10-7 S/cm for 
PVA/10%MnO2 as shown in Table 1. The inclusion of ZnO and MnO2 within PVA will lowering 
the potential barrier of PVA [45,46]. 
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Fig. 9. Ac conductivities (𝜎𝜎𝑎𝑎𝑎𝑎) against frequency for PVA, PVA/0.5%ZnO, PVA/5%ZnO  
PVA/2.5%MnO2 as well as PVA/10%MnO2 samples. 

 
 
The calculated S from Figure 10 is changed from 0.995 for pure PVA to 0.985 for 

PVA/0.5%ZnO to 0.972 for PVA/5%ZnO. And it is changed to 0.980 for PVA/2.5%MnO2 and to 
0.930 for PVA/10%MnO2. This variation in S values is caused by variations in defect density with 
ZnO and MnO2. The given relationship [47] is utilized to compute the potential barrier height WM. 

 
 𝑊𝑊𝑚𝑚 = 6𝐾𝐾𝐵𝐵𝑇𝑇

1−𝑆𝑆
                                                                       (8) 

 
kB is Boltzmann constant, T is temperature, S is frequency exponent, and  𝑊𝑊𝑚𝑚 is the energy needed 
to transport electrons from one place to infinity. As illustrated in Fig.10, the computed potential 
barrier  𝑊𝑊𝑚𝑚  changed with rising ZnO content, from 31.3 eV for pristine PVA to 10.4 eV for 
PVA/0.5%ZnO, 6.2 for PVA/5%ZnO, 7.83 for PVA /2.5%MnO2, and 2.24 eV for 
PVA/10%MnO2. This variation in potential barrier  𝑊𝑊𝑚𝑚 is due to the enhancement of crystalline 
structure with the additions of inorganic ZnO and MnO2 nanofilles. 
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Fig. 10. Ln (σac) against Ln (ω) for PVA, PVA/0.5%ZnO, PVA/5%ZnO PVA/2.5%MnO2  
and PVA/10%MnO2 samples. 
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4. Conclusion 
 
MnO2/PVA and ZnO/PVA nanocomposite films were successfully synthesized as 

evidenced by XRD as well as SEM data. The analysis showed that MnO2 and ZnO react well with 
the PVA network. Furthermore, electrical conductivity and dielectric factors such as dielectric 
constants, dielectric losses, as well as electrical energy densities are examined. At 105 Hz, the 
dielectric constant 𝜺𝜺`  rises from 2.05 for pure PVA to 4.15 for PVA/10%MnO2 and to 5.5 for 
PVA/5%ZnO at frequency 105 Hz. Moreover, PVA has energy density of 0.91*10-5 J/m3, 
enhanced to 1.83*10-5 J/m3 for PVA/10%MnO2, and to 2.43*10-5 J/m3 for PVA/5%ZnO. 
Furthermore, the relaxation time is lowered from 7.4×10-8 sec for PVA to 3.5×10-8 sec for 
PVA/5%ZnO and 3.3×10-8 sec for PVA/10%MnO2. This is due to the fact that ZnO and MnO2 
reduce the period necessary for dipole orienting. The electrical data revealed that the inclusion of 
MnO2 and ZnO are enhanced the dielectric characteristics of the PVA. Besides, electric modulus 
behaviors are confirming that films have significantly superior impedance as well as dielectric 
characteristics than pure PVA. Moreover, the increased in energy density efficiencies of PVA 
films with MnO2 and ZnO would pave the way for the use of flexi MnO2/PVA and ZnO/PVA 
films in a variety of prospective systems for energy storing as well as super-capacitor. 
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