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Fig. 1 Working principle of the TENGs in
contact-spread model
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Fig. 5 Comparison of the output voltage of the TENGs
before and after 30 days storage

LS RTLAE H, AR TR RS i b F
U ELYITEAF L 30 d J5 EHTINE TENGSs A% i HUE
Hofy A RAS S A B R N %, 454 SEM &I nT LULE
B, 24k, CNT 5 PEI 'S % i 5 78 vk S5 4%
AW &, BN SCEERER AR OK & F AT I B A TR
FEES

4 ik

R T A BT ROR K W AR E
TENGs, ANHF5e#Ed 7B CNT & PEI Xk

WA TR s, BRI T UK S R
B PEfE, A SEM & FTIR R ok i (9 0K 35 45
LU TRAE, FEXTB Y TENGs JEF7 4 H M RE & fa
EPEIN, S8 LT 458,

1) SEM Hl FTIR Z58 38 W], CNT 4 PEI i{M)4%
e T8RRI

2) Wi PEREH AT AR Y, 24 ONT iR
0.4 mg/mL B, 22U n s RGE S| T 118 V,
B IRIAE] T 12,5 nA. LTI, CNT 5 PELAY
SIAMIIET T TENGSs ot i vERE B g ek .

3) TENGs i th foe P I 25 SR £ B, CNT
S PEI gt BB M G TE 2 KT, TENGs RILH T
iyt PERE R AR E T

S 3k

[1] FANFR, TIAN ZQ, WANG Z L. Flexible Triboelectric
Generator[J]. Nano Energy, 2012, 1(2): 328-334.

[2] SHAO JJ, JIANG T, WANG Z L. Theoretical
Foundations of Triboelectric Nanogenerators (TENGs)[J].
Science China Technological Sciences, 2020, 63(7):
1087-11009.

[3] WANG S H, XIEYN, NIUS M, etal. Freestanding
Triboelectric-Layer-Based Nanogenerators for Harvesting
Energy from a Moving Object or Human Motion
in Contact and Non-Contact Modes[J]. Advanced
Materials, 2014, 26(18): 2818-2824.

[4] WANG S H, NIU S M, YANG J, et al. Quantitative
Measurements of Vibration Amplitude Using a Contact-
Mode Freestanding Triboelectric Nanogenerator[J]. ACS
Nano, 2014, 8(12): 12004-12013.

[5] QUANZC, HANCB, JIANGT, etal. Wind Energy:
Robust Thin Films-Based Triboelectric Nanogenerator
Arrays for Harvesting Bidirectional Wind Energy[J].
Advanced Energy Materials, 2016, 6(5). DOI:
10.1002/aenm.201670031.

[6] WENG W, CHENPN, HESS, etal. Smart Electronic
Textiles[J]. Angewandte Chemie International Edition,
2016, 55(21): 6140-6169.

[71 ZENG W, SHU L, LI Q, et al. Fiber-Based Wearable
Electronics: A Review of Materials, Fabrication, Devices,
and Applications[J]. Advanced Materials, 2014,
26(31): 5310-5336.

[8] HUYF, ZHENG ZJ. Progress in Textile-Based Triboelectric
Nanogenerators for Smart Fabrics[J]. Nano Energy,
2019, 56: 16-24.

- 60 -



14

(9]

[10]

[11]

[12]

[13]

[14]

IRE, ¥

MAITRA A, PARIA S, KARAN S K, et al.
Triboelectric Nanogenerator Driven Self-Charging and
Self-Healing Flexible Asymmetric Supercapacitor Power
Cell for Direct Power Generation[J]. ACS Applied
Materials & Interfaces, 2019, 11(5): 5022-5036.
CHENCY, GUOHY, CHENLIJ, etal Direct Current
Fabric Triboelectric Nanogenerator for Biomotion Energy
Harvesting[J]. ACS Nano, 2020, 14(4): 4585-4594.
ZHU M S, HUANG Y, NG W S, et al. 3D Spacer
Fabric Based Multifunctional Triboelectric Nanogenerator
with Great Feasibility for Mechanized Large-Scale
Production[J]. Nano Energy, 2016, 27: 439-446.
WU J, WANG X L, LI H Q, et al. First-Principles
Investigations on the Contact Electrification Mechanism
Between Metal and Amorphous Polymers for Triboelectric
Nanogenerators[J]. Nano Energy, 2019, 63: 103864.
BAIZ Q, ZHANG Z, LIJY, et al. Textile-Based
Triboelectric Nanogenerators with High-Performance
via Optimized Functional Elastomer Composited
Tribomaterials as Wearable Power Source[J]. Nano
Energy, 2019, 65: 104012.
XIONG J Q, CUI P, CHEN X L, et al. Skin-Touch-
Actuated Textile-Based Triboelectric Nanogenerator with
Black Phosphorus for Durable Biomechanical Energy
Harvesting[J]. Nature Communications, 2018, 9.
DOI: https://doi.org/10.1038/s41467-018-06759-0.

[15] GOGURLA N, ROY B, PARK J Y, et al. Skin-

CNT/PE| B{IH LR E EEIEM K & BAHIFI & SR

[16]

[17]

[18]

[19]

[20]

Contact Actuated Single-Electrode Protein Triboelectric
Nanogenerator and Strain Sensor for Biomechanical
Energy Harvesting and Motion Sensing[J]. Nano
Energy, 2019, 62: 674-681.

CHEN XY, WUYL, SHAO JJ, et al. On-Skin
Triboelectric Nanogenerator and Self-Powered Sensor
with Ultrathin Thickness and High Stretchability[J].
Small, 2017, 13(47): 1702929.

SHU F L, TSAICY, XUM H, et al. Hybrid Nano-
Textured Nanogenerator and Self-Powered Sensor
for On-Skin Triggered Biomechanical Motions[J].
Nanotechnology, 2020, 31(15): 155502.

WANG S T, HE M H, WENG B J, et al. Stretchable
and Wearable Triboelectric Nanogenerator Based on
Kinesio Tape for Self-Powered Human Motion Sensing[J].
Nanomaterials, 2018, 8(9): 657.

MIHY, JING X, ZHENGQF, etal. High-Performance
Flexible Triboelectric Nanogenerator Based on Porous
Aerogels and Electrospun Nanofibers for Energy
Harvesting and Sensitive Self-Powered Sensing[J]. Nano
Energy, 2018, 48: 327-336.

ZHANG X S, HAN M D, MENG B, et al. High
Performance Triboelectric Nanogenerators Based on
Large-Scale Mass-Fabrication Technologies[J]. Nano
Energy, 2015, 11: 304-322.

(e F24)

Fabrication and Properties of Triboelectric Nanogenerators
Modified Fabric via CNT/PEI

WANG Shengji, JING Xin, ZHANG Jing, FENG Peiyong

( College of Packaging and Materials Engineering, Hunan University of Technology, Zhuzhou Hunan 412007, China )

Abstract: In order to improve the output efficiency and stability of friction nanogenerator (TENGs), acyl chloride-
based multi-walled carbon nanotubes (CNT) and polyethyleneimine (PEI) were used to modify the fabric, which was
mainly composed of polyester fiber. CNT and PEI were grafted onto the fabric surface. The experimental results showed
that the amide bond was successfully formed on the surface of CNT/PEI modified fabric, and the surface roughness was
significantly increased. When the concentration of CNT was 0.4 mg/mL, the prepared TENGs demonstrated the output
voltage of 118 V and the output current of 12.5 pA, which also showed long-term stability.

Keywords: triboelectric nanogenerator; fabric; acyl chloride-based CNT; surface modification
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