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Research progress on strategies for enhancing the output performance of

triboelectric nanogenerator

BAO Yan", ZHU Xiaofeng' , GAO Lu', LEI Peng', GU Long?, LIU Chao'
(1. College of Bioresources Chemistry and Materials Engineering (College of Flexible Electronics), Shaanxi University of
Science & Technology, Xi'an 710021, China; 2. School of Advanced Materials and Nanotechnology, Xidian
University, Xi'an 710126, China)

Abstract: Triboelectric nanogenerator (TENG) is an electronic device, that exchanges mechanical energy into elec-
trical energy. TENG has presented a wide range of potential applications, such as blue energy harvesting,
micro/nano energy sources, and self-powered sensing, owing to abundant material, simple structures, and ease of
integration. However, enhancing the output performance of TENG has remained a focal point of scientific interest.
Hence, insulting many studies, this work has analyzed the influence of triboelectric materials, friction layer struc-
tures, and device structures on TENG output performance according to the working principle of TENG. Meanwhile,
the enhancement strategies of TENG output performance are summarized. Finally, the future development of TENG
is concluded.

Keywords: triboelectric nanogenerator; friction layer; device structure; self-powered; sensors
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Fig.8 (a) Schematic diagram of liquid-solid TENG of modified acrylic
resin coating as charge plunder layer'®; (b) Schematic diagram of fabric
TENG with dielectric modulation porous composite coating containing
poly(vinylidene fluoride)-hexafluoropropylene copolymer and barium

titanate nanoparticles as charge scavenging layer'™

3.2 BEEHE

Ed TR I RY s VR 7 RS (B a > AR )
1% % J2 1585 oL o 2 AR IR R AE i, KR/
T R AT 5 T R AR, Yan 45 5 1 7 58
M (PT) K £F AE BT 51 A T HOGIHE S 0 A B0
2K AL R R Y TENG, W& 9(a) i, B%E
TR T PEE 8 FL A (AT RSO, NI B i 1 HL Aar 1Y
HEREBE ) . Z 245K TENG 4 55 5% H 0 FT %
LR N 5 82 45 F B9 TENG AH 1L, 43 910K 1.91 %
M 1.76 fi5 . Cui % B3 T —Fh B PVA Sy Hi fif 438
3F )7 . PVA+PS fy W faf 1% i )2 FI R 78 & 4 (PS)
FHL ] A7 it J2 40 R HE B 1T R 1Y) 22 )2 B A 4548 TENG,
miE 9b) Frw, KEEZ Y IX, PERERUK,
AR I TENG, 4w 17 m i E s R, H
JEE 42 B, fu7 %55 FE M 0.97 nC/cm?® ¥4 /i F] 16 nC/cm?,

M Cu PI M LIG @ Kapton M Acrylic
@ Negative charge @ Positive charge

r
1 (b) |
1
: — 1

——
i g 30 i
e & L) 1
| PVARyg © S % : . > !
: 4‘«1&.._'5'.?'51 O 2 0 1
! nsport layer E] i
S 1
i

| =50 i
i s |
i IR 1
i . 1
H 1
i 1
S S 1

PI—Polyimide; LIG—Laser-induced graphene; PS—Polystyrene

9 (a) A BIH1E N ERAHEEN TENG AR, (b) PVA+PS LA
&2 2 2 E A 45 TENG™

Fig.9 (A) Schematic diagram of TENG of graphene as charge transport

layer'®; (b) PVA + PS is a multilayer composite structure

TENG of charge transport layer'™
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Fig. 10 (a) Graphene nanoplatelets (GNP) for the charge storage layer of
the TENG diagram'®; (b) Schematic diagram of a TENG with 80BT/PVDF

serving as the charge storage layer'™
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Fig. 11 Four working modes of TENG: (a) Contact separation mode;
(b) Lateral sliding mode; (c) Single electrode mode;

(d) Independent friction mode'®’
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Fig. 12 (a) Schematic of multi-gap structure TENG based on contact
separation mode'®”; (b) Schematic of solid-liquid dual-mode TENG

based on contact separation mode and single-electrode mode'™
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sliding mode!™); (b) Brush TENG diagram based on lateral sliding mode!™
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Fig. 14 (a) Solid-liquid TENG based on single-electrode mode™;
(b) Multifunctional TENG of yarn fabric based on single-electrode

mode and contact separation mode!”!
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Fig. 15 (a) Illustrates the schematic diagram of a woven-structure TENG
based on the independent friction mode!™; (b) Schematic diagram of a

TENG with an accelerated charge transfer strategy employing the

independent friction mode!™
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Table1 Advantages and disadvantages of different strategies to improve the output performance of friction nanogenerators
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