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Fiber/Yarn Based Triboelectric Nanogenerator: Fabrication and Integration
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Abstract With the growing demand for sustainable, wearable, and clean energy, triboelectric nanogenerator (TENG)
has attracted wide attention. Textile-based triboelectric nanogenerator (T-TENG) has the advantages of lightweight, soft,
and comfortable wearing, and has been the focus of design and research. Since fiber and yarn are the basic units of textiles,
fiber/yarn-based TENG can be prepared into fabrics with different structures or integrated into other fabrics through
subsequent processing, which can fully retain the advantages of fabric structure itself. Therefore, the design and
development of fiber/yarn-based TENG with excellent performance is considered to be one of the fundamental solutions
for the manufacture of T-TENG. This paper introduces the basic principles of TENG, fiber/yarn-based TENG
manufacturing technology, and the integrated strategy of fiber/yarn-based TENG. Finally, the challenges and prospects
for the preparation of fiber/yarn-based TENG are presented.
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(a) Vertical contact-separation mode

(¢) Single-electrode mode
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(b) Lateral sliding mode

(d) Freestanding tribolelectric-layer mode
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Fig. 1 Working principle model of triboelectric nanogenerator””. (a) Triboelectric nanogenerator in vertical contact-separation mode;

(b) lateral sliding mode triboelectric nanogenerator; (c) single-electrode mode triboelectric nanogenerator; (d) triboelectric

nanogenerator with freestanding triboelectric-layer mode
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Fig. 2 Fiber/yarn-based TENG prepared by textile technology. (a) A core-shell triboelectric nanogenerator with polyurethane fiber

and stainless steel fiber™; (b) triboelectric nanogenerators made by winding silk or teflon fibres around bundles of stainless steel

fibres™; (c) hollow braided tubular yarn using nylon and PDMS as triboelectric materials””; (d) electrospinning PVDF

nanofibers on carbon nanotube yarn lines
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Fig 3 Fiber/yarn-based TENG prepared by coating method. (a) Using silvered polyamide composite yarn coated with silicone rubber
to weave double rib fabric™; (b) a fibrous TENG made of spandex fiber is coated with AgNWs, CNT, and PDMS™"
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Fig. 4 Preparation of fiber/yarn-based TENG by injection, extrusion, and hot drawing. (a) Stretchable fibrous TENG with liquid
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Fig. 5 Integration strategies of various fiber/yarn-based TENG. (a) Fabrics with different weaves woven using woven processes ;
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(b) scaly TENG woven using knitting process
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(¢) TENG fabrics with different patterns prepared using embroidery
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