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ABSTRACT

Triboelectricity, a phenomenon where certain materials become electrically charged after coming
into frictional contact with a different material, has garnered significant interest for its potential in
energy harvesting applications. Textile-based triboelectric nanogenerators (TENGs) are popular
due to their ability to seamlessly integrate with clothing, providing a constant source of friction.
Textile fabrics are particularly favourable due to their ubiquitous use in daily life and ability to
conform to various shapes and movements. However, existing textile TENG technologies
primarily utilize textiles as substrates for coatings or involve complex fabrications with metallic
coatings, which can negatively impact comfort and other textile properties. Additionally, the use
of multiple materials on a single layer by coating, sandwiching, and stitching increases the
thickness, stiffness and weight of the TENG. To address these gaps, the current research proposes

an all-textile integrated TENG fabricated using industrial knitting technologies.

Henceforth, the present research focuses on studying the influence of triboelectric textile material,
fabric structure, contact separation frequency, and pressure on the performance of the textile
TENG using a vertical, lateral sliding, bending, and stretching contact separation mechanism.
Textile materials such as cotton, polyester, nylon, and PP are explored for their triboelectric
potential on woven and knitted fabric platforms. The nylon and PP have demonstrated the highest
output voltage and current among all the analyzed textile materials due to their better dielectric
properties and higher surface roughness. The comparison of woven and knitted structures has

shown that the knitted textile TENG has a significant increase in output voltage, current, and
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power. The optical profile analysis revealed that the 3D configuration of the knitted loop creates
higher roughness than the repeat unit of woven fabric; hence, the contact area improved

significantly with the knitted fabric, increasing the output of textile TENG.

Further, integrated knitted textile TENGs are developed using an industrial knitting machine, and
their ability to harvest biomechanical energy is demonstrated. Four different structures namely
IR1C, pocket, plating, and ridge were developed with varying knitting components, and their
performance is evaluated under lateral sliding and vertical contact separation modes. The plated
and ridge structures demonstrated superior performance, generating peak power densities of 45
puW/m? and 110 pW/m?, respectively. Their enhanced performance is attributed to the enhanced
surface roughness and increased contact area. The sliding mode exhibited higher output compared
to the vertical contact separation mode, owing to prolonged friction and multiple micro contact
separations. The structures displayed impressive long-term stability, enduring a stable output until

12,000 cycles of contact separation and 30 washing cycles.

The knitted textile fabric, with its excellent confirmability, follows the close proximity of the
human body limbs; the textile TENG can harvest the electrical energy from mechanical energy
generated during the various contact separation movements during sliding, tapping, bending and
stretching motions. To exploit the potential of textile TENG further, the performance of ridge and
plated knit TENG are evaluated in bending and stretching contact separation mode. The results
depict that stretching and bending movements change the surface profile, which contributes to the

change in the electrical output when the intensity of bending and stretching is altered. The results



show the ridge structure achieved a peak power density of 0.27 uW/m? in the stretching mode and
0.36 uW/m? in the bending mode. The knit TENG, integrated into an arm sleeve, was tested for its
potential in monitoring movements during exercise rehabilitation and analyzing output voltage

waveforms to assess and optimize recovery exercises.

To ensure the practical application of textile TENGs, testing conditions, such as the impact of
ambient temperature and humidity, are analyzed to evaluate the stability of textile TENG devices.
A significant decrement in voltage and current of the TENG device has been observed, along with
an increase in relative humidity. As the moisture in the environment increases at high humidity,
the short circuit charge shows a reduction of 70 % in short circuit charge (Qsc). The interaction
between moisture and textile causes surface conduction, resulting in charge dissipation at high
humidity. The impact of different temperatures showed a pronounced reduction of 80 % in voltage
and 64 % in current as the temperature increased to 20 °C from 70 °C. The temperature-induced
thermal energy enables electrons to overcome energy barriers and escape via thermionic emission
into the atmosphere, reducing the Qsc. This research provides a pathway for advancing wearable
energy-harvesting technologies, emphasizing the importance of material selection and structural

design in achieving efficient and stable energy outputs.
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