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Research Progress in the Fabrication and Wearable Applications

of Fiber—based Triboelectric Nanogenerators
XUZiao *, WU Yameng *, GUO Hao*, YU Jianyong ", DING Bin ", LI Zhaoling **

(a. Shanghai Frontiers Science Center of Advanced Textiles, College of Textiles; b. Innovation Center for Textile Science
and Technology, Donghua University, Shanghai 201620, China)

Abstract: Wearable technology provides people with convenient and personalized health monitoring, medical
assistance, sports, and entertainment services, significantly improving the quality of life. Currently, the energy
supply of wearable devices still relies on chemical batteries or external power sources, causing obvious inconve-
nience. Harvesting energy from the external environment to meet the energy needs of wearable devices is a
promising solution. The triboelectric nanogenerator (TENG) has gained extensive attention due to its high tran-
sient electrical output, low cost, and flexibility, with significant advantages in harvesting low-frequency and ir-
regular human motion energy. Materials such as metal, polymer film, and rubber are widely used in the fabrica-
tion of TENGs. However, their dense structure can cause discomfort when worn for extended periods. TENGs
prepared with fiber materials exhibit advantages such as high output power, excellent air permeability, shape

adaptability, and a wide selection of materials. These features make them widely applicable in the fields of wear-
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able energy devices, self-supplied sensing, human-computer interaction, and air filtration. The research progress
on the construction of fiber-based TENG and its applications are introduced. Finally, the existing challenges and
prospects of its development are summarized and envisioned.

Keywords: triboelectric nanogenerator; fiber materials; energy devices; self-powered sensing;human- machine

interaction; air filtration
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Fig.1 Triboelectric series obtained under vacuum conditions. Reprinted with permission”", Copyright 2022, Springer Nature.
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Fig.4 Schematic illustration, fabrication process, and working mechanism of the direct current (DC) F-TENG. (a)

Phenomenon of electrostatic breakdown of clothes in our daily life. (b) Fabrication process and schematic illustration of the

DC F-TENG. (c) Photographs of the air break between the DC F-TENG and the PTFE film during contact-sliding motion.

(d) Schematic diagrams of the working principles of the DC F-TENG. (e) Demonstration of charging the fabric SC (6 cm x 6

cm) by DC F-TENG (6.8 cm x 7 cm) to power a hygrothermograph. (f) Circuit diagram of the self-charging textile
integrated by the DC F-TENG and fabric SCs. (g) Charging curves of fabric SCs (three in series) by DC F-TENG.

Reproduced with permission””, Copyright 2020, American Chemical Society.
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Fig.5 Schematics illustration of highly integrated gait recognition system. a) Structural design of textile-based self-powered

multi-point body motion sensing network (SMN) and schematics diagram of highly integrated gait recognition system. b) Air

permeability and c¢) moisture permeability of different fabrics and SMN, respectively. (d) Maps and typical multi-channel

sensing signals of five deformed gaits, including Parkinson’s gait (PG), scissors gait (SG), mopping gait (MG), gluteus

maximus gait (GG), and cross-threshold gait (CG). Reproduced with permission™, Copyright 2023, John Wiley and Sons.
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Fig.6 All-fiber constructed TENG for sensing and human-computer interaction. (a) Schematic diagram of the fiber-based
TENG. (b-g) SEM images of the morphology of PTFE and CNT coated on the fabric at different magnification. The scale
bars are 300 wm for (b), 1 pm for (c), 20 wm for (d), and 5 pwm for (e). Photographs showing that the F-TENG is (f) under
finger bending, or (g)the form of embroidery. (h)Schematic diagram of a SPWK working with a terminal device. (i)A
diagram of a voltage signal when a finger strikes a single keypad. (j)Signal output waveform by continuously typing the
string of "SMART TEXTILE" that is recorded in real time without uncomfortable delay. (k)Photograph showing the SPWK

system for the real-time keystroke tracing and recording. Reproduced with permission®®”, Copyright 2021, Springer Nature.
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Fig.7 (a) Schematic diagram of the proposed self-charging air-filtering (SAF) mask. (b) Enhanced particle capture capacity
with the PVDF/nylon pair (left) employed in the SAF compared with the PP/PP (or PP/PE) pair (right) in a surgical mask.
The zoomed-in illustrations indicate the efficient electrostatic adsorption for fine particles with the SAF design. (c)
Crosssectional SEM image of the SAF. Scale bar: 500 pm. (d) Triboelectric charge-generation mechanism of the SAF. (e)
Charge stability test over 60 hours. (f) Durability evaluation of the filtration efficiency and pressure drop. Reproduced with

permission', Copyright 2022, Springer Nature.
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