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Figure 1 TENG-based self-powered sensors and self-charging power systems.
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Figure 2 TENG-based acoustic, tactile, and body-motion sensing. (a) Dual-function acoustic sensors and speakers [20]; (b) tactile texture sensor
[21]. Copyright©2019, American Chemical Society; (c) self-healing sensors for monitoring human muscle status [22]. Copyright©2021, American

Chemical Society.
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Figure 3 TENG-based biological medical monitoring. (a) TENG-based sensors for monitoring pulse waves of arteries at different points in the body
[29]; (b) TENG-based electronic skin for monitoring breathing status [32]; (c) the TENG-based reel sensor for monitoring joint and spinal motions
[33]. Copyright©2017, WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim; Copyright©2021, Wiley-VCH GmbH; Copyright©2021, The Author
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fingers [41]; (d) non-contact artificial electroreceptors based on the electrostatic induction mechanism of TENG sensors [43].

25, BEART00MREA RS, IR HER 2R 7T 1A 394.5%.

(i) AREBERR. PulE AT 7 — FhER 5 50 i
R AL AL S, T YU IEE 2%, XA
UK A% K 2% 3 B DL R AR AL IR RIFEPAE A BE 2 )2 44 K,
P H 2RI E Y NIRRTz HRE 3}, TENG
DL AR A AR, KA SBAMFEP I ™4
750 mVH RS S, 8 S RO 4 ) R e 8
(MCU), ATH 62 Mit&, SRmEaIT. EXUE.
PR,

(2) B REMLIRE

HUBIN T A& Tl sk i i T B, i e 3%

972

fio. A E AR e R TR oK. PR BAF
WPERBARE IR e e ss A A HER L. O4F
NARIE T —F T U IO TENG & i s, 4
TN, FEJFFRS AL B 3 — A ATENGH
TR, (eI Fras B 2 2 g A A TENGH T
RV Sl . fefuh i B Je k7. 7R EERE B
FIHMLAR 2= ST HAR, BTS2 T BN JE FptR 2 Al
HARRABIIhRE. TERFZRA N I R fe L) 1)
FEOLTI A A P i, XML Tt B BRI
7. Huf B\ 7 —Fh e e A e, T
WLgs AT 1T A4, i By 2 T8 L, 7~



hEBE: AR 2023 48 #5336 b

A TR I FEL P ok R A kv 43 ) RS T4 1 S R
AV EDIRES. 8 v S A R ke g, mT DA E R
(A BEALE, ROR AT 5 AL BRI 73 SRR AR ik 3
AT SEPUGTHURES (ARG B2, B M1 7 W% 3.8

(3) AEHEflse B

1E—2e 5 375 JE R AL Bk 35 B 77 0
JONEE, Wols N\FURGE T R TE sh R 1 IR
FAEE M A B R TR IR R T AR
(ITO) [ 80} 2 — W% 2. — Bl (PET) Al — J2PDMSZH
. VYMTOHAMRAE APl L ZEES A6, 4
PARHEAT BT T PO AN B AR, 272 —ANHE(R S,
R Ve AF P RERS B AR AL . XA TAE 2L,
Iy —Fl B AL T R B A T A Ak U B A
&Y FEPDMSFE SIS _EWHR A 8] 5 R 9K LA
NELAR, KR TS R (PTFENSEE T8 EAE NGB S
U5, RIEARBWEIEES, £ HEEARIERS
REWE S LA B A5 8%, M4 2 HE % 050,75 mm,
1.07 mmA12.20°. Puf) B2 8 £ HUR R G103 e
Bt 17— R A A 2 0 e AR B A 20N T P R A7 B8,
AR H bR I % TR A AR R KR T,
NI AT BN B AR R 2, FRE— DSl T AL A
T R R AR I B ) TR TEAL B 2 ) Bk
MIRHENR, JESE T I P R JBRSZ 4 B A 2 T ) =
AW ER 1) N T v AR R G aT AT M (E4(d)). &
2., BT TENG AL A EAL I S A 5 N KA (5
SIS TR ), X RE S N T RE
FIEE A T BT AR B AR RS ARV T AR A
S

24 HEBMEARRK

e (TR o L A N Y N E R DR R T B U
M3 BRI AE e BEAT BB SN (AR, IFRE S
IR L L B I AT A5 5. TENGIEESE = 4R
it BiE, X1 BAT e IR B B Th g,
A TENGE AR AL A0 22 S50 ] o 7 25 AR 2 [ FELAS 5 i
A= S AT DS I S e KA A . TR T ol B Y SR
LR BV, G R, KA
R DL TR AN ). RIS, RS K AR B
TENG T LAH; B 52 15 R RS, nE &R
BT AN ER) S, Xt Rl T
TENGTE LA AR B8 B AT BRI ¥

(1) SRR, BEE AATAE TR KT B A W 2 i Rt
IR H s R, BRI FE FRA . B AEREAE
DR B b S R AR T B R, I HL SR
W 5 o B I R TR D A AR AN R M
FEARHEHE, Ca NN G T R0 T TENGH H K5
TR SN RAR R G, LASEIU A B (N A B = 1
R AEREAI TS S . % RS R B TENG
YAAPFRITCLE FE BB A A, A RSB T AR AR R
SERT LR B SRRV, T S R R S WO R
ORI B AUE R S A AR, BRI AT DU AR N
B R B TR RR. ZRRERRIKREZ MRS
IREE A (1) FAE 5 A 35 3 BH T i U TR il o 2 R
JEE RN B, EDE0, 50, 100, 200, 300, 40047
500 ppm 2, Hfa i LUK o> 220 47, 39, 34.2,
25.5, 11.8M15.7 V. iZ ARG FIBUSM: & ] FE e
(19, ATENGAE Ak 2% A% AT B 5l J5T & VP Al Y B FH 4t
R T — NS, R T B RE RS
AT R 8. T TENGI N B A 28 @ 1, Sus
TS R S A% R RHE BRI TENG 2 i )2 3k
PSS I A, SR, XM,
AT H B ) A o 2 IO A SRR R PR A B
B, M AR TR SR ) B A 4 i 2 TENG I %
WG, PP AL R AT = R (452.44%) 12K
PEFE(0.976). AN, FE50 ppm i fE & SAKKE T, X
NO, i 3 e HAth S A& (A1CO, H,S, SO,, NH;HICO,)
RIS 20455 DAL, B S A 6

(2) B FALIM. AR, MR IR ST S e v 8, iR
22 FRAIF FC B TR RN 2 BRI S5 P ) R S T
R R H DK ESEE T LGNSR
JEE Pk FL AN R UK SRS S E T T — MR T TENG
1) B 4 AR T 1 WA N s B (115 (b)), 3 I A BRI A D 3 24
(AR 23 %o BE AR S AR A K FLIEA T A 2480, AR
WA IR AR &8 &7 A RIFME &
fE, IXEABMREL AR S RE 05 1% 0 1 H R P 22 4 R
HEEE TR T2 %588 27 S84
J& BTSRRI AR, 456 Rk R, 408 B 1 I R
JIHRRE, 5GBTS, &8 S TR M R R Bl
F BHAR S A AR 3R TH W PR 1 4 15 3 H 1936 %, PTFE
YR 2 R BH AR S AL R A K L T 1) B AR £ 12 T B
1K, AT oA PR R 4l oK A SRR 85 i o PR 5. DRt it
I3 HT BE BEANR AR IR IR i S 5 mT SE I 4

973



THHESSE: QORI L B RBh &R 5t

Voltage (V)
o
&

o
a
1

0.0
0 10 20 30 40 50
Time (s)
v cu®
e crt k=0.00516\ Y
A Pb* ®
\k=0.00325
k=0.00438
40 80 120 160 200

Heavy metal ion concentration (uM)

4
Interfacial__.......
Signal

/\/

|/

0 pmol-L* 25 umol-L* 50 pmol-L™ 100 pmol-L* 200 pmol-L? 500 pmol -1

_/’3‘4/5 n!edoce”

TENG
Output 15

N

Isc (nA)

0 ™1™ ’ A L.LJ A
IV\'Vv rvrv T-r'
5
- »w_/"‘"'-.‘_._
e e v e e 024602460246024602460246
Time (s) Time (s)

B 5 3TTENGH EWREhLER. (a) B & I 5 BNO, L s, (b) T 5 48 B 1K T A TENG B TR i %

2 (0) FI T2 BRI R0 5 1L
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Figure 7 Overview of self-charging power systems.
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Figure 9 Energy storage for self-charging power systems. (a) Schematic diagram of the charging process of lithium-ion batteries [97]; (b)
comparison of voltage profiles of a LiFePO, cell charged for five minutes by a TENG and a constant current [86]; (c) voltage profile of a commercial
Li-ion battery charged by the TENG and then discharged by constant current [86]; (d) charge-discharge curves of supercapacitors with different

electrolytes charged to 3.6 V [110]; (e) decaying profile of open-circuit voltage for the supercapacitors after charging to 3.6 V [110]. Copyright©2022,
Wiley-VCH GmbH.
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Nanogenerator applications: Self-powered systems

PU Xiong, LIU JiaXin, LI ShaoXin & WEI Di

Beijing Institute of Nanoenergy and Nanosystems, Chinese Academy of Sciences, Beijing 101400, China

Smart sensing is the foundation of the future digital and intelligent society. However, it is a great challenge to provide a continuous
power supply to a large number of widely distributed sensing nodes of various types. Triboelectric nanogenerator (TENG) is a new
type of mechanical energy harvesting technology emerging in recent years, which can effectively convert low-frequency, low-
amplitude mechanical energy into electrical energy, enabling autonomous and self-driven mechanical signal sensing on the one hand;
on the other hand, it can be integrated with energy storage and management to realize self-charging power supply systems. At the
same time, TENG is suitable for a wide range of scenarios due to its versatility in material selection and structural design. Therefore,
this paper systematically introduces the research progress of TENG applications in self-powered systems, mainly including typical
research work in both self-driven sensors and self-charging systems, and finally analyzes and envisions the challenges of existing
researches and potential future directions.

triboelectric nanogenerator, self-charging systems, self-powered sensors
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