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Enhancing Mechanical and Electrical Performance through Polymer 
Blending: A Study on PVA-PDDA Blended Films for Triboelectric 

Energy Harvesting
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ABSTRACT: This study explores the impact of polymer blending on the mechanical properties and triboelectric
energy harvesting capability of composite polymers. A multifunctional free-standing polymer blend composed of
poly(vinyl alcohol) (PVA) and poly(diallyldimethylammonium chloride) (PDDA) was fabricated using a polymer
casting method. Stress-strain analysis of the polymer blend revealed an enhanced stretchability of 308.4% with
excellent transparency. Furthermore, triboelectric analysis revealed dynamic energy harvesting capabilities with
impressive electrical voltage and current output of 50 V and 5 μA. These results represent a significant improvement
compared to individual PVA and PDDA polymers and highlight the potential of polymer blending to enhance both
mechanical and electrical properties for energy harvesting applications. 
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1. INTRODUCTION

Triboelectric nanogenerators (TENGs) are considered an
effective technology for harvesting a wide range of ambient
mechanical energy, as they offer several advantages, including
wide availability and material selection, relatively simple
device configuration, and low-cost processing. In the ever-
evolving landscape of materials science and technology, the
demand for versatile solutions has intensified, particularly
within sustainable energy harvesting [1].

Energy harvesting technologies have become increasingly
important in finding sustainable power sources for a variety of
applications, including portable electronics and wearable
devices [2]. Among these technologies, TENGs stand out for
their ability to convert mechanical energy into electrical
energy through the principles of contact electrification and
electrostatic induction. Understanding the intricate mecha-
nisms of TENG operation is critical to enhancing its perfor-
mance and exploring its potential applications [3].

This study investigates the effect of polymer blending on the
mechanical properties and energy harvesting ability of com-

posite polymers, particularly focusing on a multifunctional
free-standing polymer blend composed of poly(vinyl alcohol)
(PVA) and poly(diallyldimethylammonium chloride) (PDDA).
This study aims to elucidate the effect of polymer blending on
the transparency, mechanical strength, and energy harvesting
efficiency of the composite polymer films through rigorous
analysis [4].

In addition to characterizing the mechanical properties and
transparency of the PVA-PDDA composite films, the study
also takes a closer look at the electrical performance of the
films using TENG technology. By analyzing the voltage and
current outputs of the TENG system, the study aims to eval-
uate the effectiveness of polymer blends in enhancing energy
harvesting compared to individual PVA or PDDA polymers.

Through a combination of experimental analysis and the-
oretical understanding, this research contributes to the grow-
ing body of knowledge on polymer blending for energy
harvesting applications [5]. The insights gained from this
research have the potential to inform the development of more
efficient and sustainable energy harvesting technologies, pav-
ing the way for a greener future.
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2. MATERIALS AND METHODS

2.1 Reagents
PVA (Mw ~ 89,000-98,000 g/mol) powder, PDDA (Mw ~

100,000-200,000 g/mol) and poly(dimethylsiloxane) (PDMS)
where bought from sigma aldrich.

2.2 Preparation of Films
To prepare the different films, PVA powder at a concen-

tration of 2.5% w/v was initially prepared by mixing it with DI
water. The mixture was then heated on a hot plate at 80°C for
approximately 30 min. Simultaneously, a PDDA solution with
a concentration of 2.5% w/v was also prepared by stirring it in
DI water on a hot plate at the same temperature as the PVA
solution for approximately 30 min [6]. Subsequently, each PVA
and PDDA solution was transferred into a larger beaker, and
then both polymers were mixed and stirred using a magnetic
stirrer at 300 rpm for about 30 min at 80°C. The homogeneous
mixture was then poured into a predefined mold and dried at
45°C for about 48 h. Finally, the dried film was carefully peeled
off the glass plate and stored in a desiccator at 25°C for further
use. For the counter material, PDMS was prepared by casting.
This method ensures the preparation of films with the desired
composition and properties for subsequent experiments and
analysis.

2.3 Characterization
Fourier transform infrared (FT-IR) spectra of the films were

recorded by a Nicolet iS5 infrared spectrometer in the fre-
quency range of 4000-500 cm−1 using the attenuated total
reflectance (ATR) method. The mechanical properties of the
film were measured using a universal testing machine (Auto-
graph AGS-X series, Shimadzu). The light transmittance of the
materials was examined using a UV-Vis-NIR spectrometer
(DH-2000-BAL, Oceans Optics).

2.4 TENG Test
Fig. 1 provides a comprehensive layout of the TENG for

mechanical energy harvesting, showing the complex layers
between PDMS on top and the meticulously crafted free-
standing PVA, PDDA, or composite PVA-PDDA film under-
neath. The electrical output performance of the TENG was
meticulously evaluated under fixed testing conditions con-

sisting of a contact force of 5 N at room temperature, a gap dis-
tance of 5 mm, a contact frequency of 3 Hz, and a contact area
of 2 × 2 cm2.

3. RESULTS AND DISCUSSION

3.1 Material Characterization
As illustrated in Fig. 2, FT-IR analysis provides valuable

insight into the structural composition of the film. In the spec-
trum of neat PVA, the characteristic peaks at 3438 and 2930
cm-1 correspond to N-H/OH and C-H stretching, respectively.
Additionally, the peaks at 1640 and 1091 cm-1 are assigned to
C-C and C-O bending, respectively, confirming the presence
of PVA (Fig. 2A) [7]. The FT-IR spectrum of PDDA exhibits
peaks at 3355 (N-H and OH), 2930, and 1468 cm-1 (C-H
stretching), confirming its distinct chemical fingerprint (Fig.
2B) [8]. Upon blending PVA and PDDA (PVA-PDDA), all
characteristic peaks of the individual constituents are retained,
indicating the successful incorporation of both polymers into
the composite material (Fig. 2C). This FT-IR analysis high-
lights the compatibility and stability of the blended compo-
nents in the composite films. This information is critical to
understanding the molecular interactions within the compos-
ite and lays the foundation for further exploration of the mate-
rial's properties and functionality.

The mechanical properties of the PVA-PDDA film are
mainly influenced by the binding force between PVA and
PDDA molecules, which is facilitated by hydrogen bonding
[9]. As shown in Fig. 3, the stress-strain curves describe the
behavior of free-standing PVA, PDDA, and PVA-PDDA films.
In the case of the PVA-PDDA film, the calculated tensile modulus
and elongation are significantly higher, 3.11 MPa and 308.4%,
respectively. In contrast, the free-standing PVA and PDDA
films exhibit lower tensile modulus values of 1.03 and 1.25
MPa, respectively, and the elongation results are 99.04% and

Fig. 1. Design layout of TENG mechanism (A) and PVA-PDDA
free-standing film (B) 

Fig. 2. FT-IR spectra of PVA (a), PDDA (b), and PVA-PDDA (c) free-
standing films, respectively
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64.24%, respectively. This comparison highlights that both the
tensile modulus and elongation are significantly enhanced by
the blending of PVA and PDDA, suggesting the advantage of
polymer blending in improving mechanical properties [10]. 

The transparency of the polymer films was evaluated
through transmittance measurements using UV-Vis spectros-
copy, as shown in Fig. 4A. The PVA-PDDA free-standing film
exhibits a transmittance of 60% across visible wavelengths
from 400 to 800 nm, demonstrating improved transparency
over the individual components. Specifically, the PVA free-
standing polymer shows a transmittance of 85%, while the
PDDA exhibits only 20%, emphasizing the considerable
improvement achieved through polymer blending [11]. This
suggests that incorporating PDDA into the blend significantly
enhances the overall transparency of the polymer film, which
could be beneficial for applications requiring optical clarity
and light transmission. Additionally, to directly compare the
transparency of each free-standing film, it was visually
depicted through photographic images with glass slides (Fig.
4B).

3.2 TENG Electrical Output Performances
The electrical analysis of free-standing films has revealed the

complex mechanisms of the TENG, including contact elec-
trification and electrostatic induction [12]. In the vertical con-
tact-separation mode, the interaction of opposing triboelectric
polarities occurs when two tribomaterial surfaces are sub-
jected to an external load. When the load is removed, the
potential difference initiates electron flow between the elec-
trodes through an external circuit to seek equilibrium. When
the load is reapplied, the potential difference is re-established,
causing reverse current to flow. The cyclic interaction of these
compression and release phases generates alternating output
signals, demonstrating the dynamic energy harvesting capa-
bility of TENGs [13]. The data presented in Fig. 5 highlights
the remarkable electrical performance of TENGs under fixed
test conditions consisting of a contact force of 5 N, a gap dis-
tance of 5 mm, a contact frequency of 3 Hz, and a contact area
of 2 × 2 cm². In particular, the voltage and current outputs of
the PVA-PDDA reached 50 V and 5 μA, respectively, demon-
strating a substantial enhancement over the individual PVA
and PDDA neat polymers. PVA alone produced an output of
12 V and 0.4 μA, while PDDA produced 18 V and 0.7 μA.
These findings emphasize the potential of the TENG system to
significantly improve energy harvesting performance and con-
tribute to the advancement of sustainable energy solutions [11,
14].

To demonstrate the output capacity of the TENG system in
Fig. 6, an average of 20 LED light bulbs were connected. Sub-

Fig. 3. Stress-strain curves of PVA, PDDA, and PVA-PDDA films 

Fig. 4. UV-Vis light transmittance spectra (A) and top to bottom
photographic images of glass, PVA, PVA-PDDA, and PDDA
free-standing films (B)  

Fig. 5. TENG electrical output performance, output voltage (A)
and current (B) 

Fig. 6. Pushing tester (A) and illuminated LED light (B) for vertical
contact-separation mode experimentation 
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sequently, the AC output power was converted to DC power
by a rectifier and connected to the light bulbs, demonstrating
the power generating capability during the vertical contact-
mode [15].

4. CONCLUSIONS

In conclusion, this study provided valuable insights into the
mechanical properties, transparency, and energy harvesting
capability of composite polymer films, with a particular focus
on the blending of PVA and PDDA. Through a comprehensive
analysis, it was observed that the incorporation of PDDA into
the PVA matrix significantly improved the mechanical
strength and stretchability of the composite films while main-
taining good transparency. Furthermore, the electrical analysis
of the free-standing films confirmed the remarkable energy
harvesting performance of the TENG system. The voltage and
current output of the PVA-PDDA was found to be signifi-
cantly higher compared to the individual PVA and PDDA
polymers, highlighting the effectiveness of polymer blending
in enhancing triboelectric efficiency. The results obtained in
this study highlight the potential of polymer blending as a
strategy to improve the performance of composites in a variety
of applications, including triboelectric energy harvesting. By
understanding the complex mechanism of TENG operation
and the effects of polymer blending on material properties,
researchers can further optimize the design and development
of energy harvesting technologies. Future research could
explore additional polymer blending and fabrication tech-
nique to enhance the mechanical, optical, and electrical prop-
erties of composite films. Overall, the findings presented in
this study may contribute to the advancement of sustainable
energy solutions and pave the way for the development of
innovative materials and technologies in the field of energy
harvesting and beyond.
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