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Abstract: Gas and humidity sensors are widely applied in various fields such as environmental detection, industrial
and agricultural production, and medical health. However, the mainstream reported resistive, capacitive, and optoelectric
gas/humidity sensors require external energy supply, not only causing the environment pollution from the battery leakage af-
ter frequently changed and maintained, but also restricting the sensor’s operation under the energy shortage circumstance.
As one of the novel energy harvesting devices, triboelectric nanogenerators (TENG) have been widely applied in mechani-
cal energy harvesting and self-powered sensors owing to the merits of low-cost, designable structure, and high energy con-
version efficiency. Furthermore, researchers have endowed TENG with the ability of acquiring information from the out-
side, which is expected to integrate the energy collection and sensing unit into one device. The above-mentioned integrated
triboelectric self-powered sensor is one of the hottest topics in the sensing technique. This article provides a review of the
current research status and latest progress of integrated triboelectric self-powered gas /humidity sensors, which can be sum-

marized from the following three aspects. (1) The working principle and gas sensing mechanism of integrated triboelectric
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gas/humidity sensors. Meanwhile, parameters (triboelectric charges density and dielectric constant of dielectric layer, con-
ductivity of electrode layer) that affect the sensing performances are discussed based on TENG’s equivalent circuit model.
Triboelectric charges density can be effectively influenced based on the screening effect of the condensed thin film on the
friction surface or the electrons transfer between the friction surface and the gas/water molecules, resulting in the increased/
decreased equivalent triboelectric charges; Output changes based on dielectric constant of the dielectric layer (also the tribo-
electric layer) usually occur in the situation where there is a significant difference in the dielectric constant between the test
sample and the dielectric layer. However, the limited gas/water adsorption causes little changes in dielectric constant, result-
ing in the poor sensing response; Variations of the output changes of TENG based on the resistances change of the sensing
electrode can be attributed to the Kirchhoff voltage divider law, where the voltage received by each load is directly propor-
tional to its impedance in a series circuit. However, owing to the high impedance of the air layer and dielectric layers, signif-
icant resistance/impedance changes of sensing electrodes during sensing period are demanded, restricting the material selec-
tion. (2) The research progresses of integrated triboelectric gas sensors (TGS) are mainly divided into ammonia (NH,), etha-
nol, and other volatile organic compound (VOC) gas sensors according to the detection subjects. Furthermore, the applica-
tions of TGS in detecting exhaled gas, food spoilage, and exhaust emissions are introduced. (3) Based on the different ef-
fects of humidity on the amplitude of output electrical signals, the research progresses of integrated triboelectric humidity
sensors (THS) are mainly divided into the sensors with the performances of humidity induced signal drops and rises. Fur-
thermore, the applications of THS in non-contact switches, skin humidity and diaper detection are introduced. Finally, the

research status and challenges of TGS and THS are summarized. Meanwhile, the prospects of the future development are il-

lustrated, providing references for the future research of integrated triboelectric self-powered gas/humidity sensors.

Key words:
Foundation Iltem(s):

1 5§

A SRS — R S 0 BRI 1 SR 2k
i 0 R /N — 7 I G 2R T B T LA S (ol
HeAE 545 ) B RS AF, FE R I TRl A 7 23 A
Ko LRI A AT T2 1 A 60 4EHT Wickens
Il Hatman 25 A FH 017 Fi Al 26 T 10 4601 18 J6E I
LB T B A SR R AR LIRS AL B As 1Y & J’
PEAT B REAR . O KEEFART
1 T B ) SNRAL S B RARGE , 0 5 T ARk VR e B
A el 5 TR 8 25 B R TS SO S R R AL
b BEL 28 SRR ) 5 I A | A e A e B
75 Ak () Hi 7 2 A SRS T A | SR e R
5 Al 1 R TR A SRRSO TR SR R
ROEEPERE (AN o R Y 5 R4 ) 48 fb 1 O 2 A% Ik
PR TS R AT B S R 1 I S T AR
AR P A R A R O AR, b A
Fy 25 T TG 8 A 3 7 B I o, VB A i i (A A )
TR (I L AR R S ) 78RR T B Y [
st A ) T 0 K D) T 2o A% e Y e [ B A A G el
FAE A . JTRE o £ RS IE 4 /1N Bl dab i 5 A 3
MM iR E B RE R A S T E N
A B BB RE 1 A L4 B R MR RO A A T IZ
R A B R TV T 0 D i TR RE 5 K B
S RE AL R OR AR, AR T M H T H £5 E 1Y
BEUE S AL

triboelectric nanogenerator; integrated; self-powered; sensing mechanism; gas sensor; humidity sensor
National Natural Science Foundation of China (N0.62225106, N0.62301114, No.62101105)

i T ae s A Uk 5 /N K SR a3 AR IRk 2R
T I BEAEANBTREAL , S 2O M PR IR AR Bl 1% Jakdts
TAERAIAE N T AT RE. AHEL T RBHREARIBCZ IR TR A
B I] 25 PR 2R, PR ISCER AR A IR B PR rh (A I A LA
g RIEENR 2012 4F 416 I FE T2 B Y T AR AT BA 42 19
T EEE YN K K B AL (TriboElectric NanoGenerator, TENG ) ,
Tf R TR R H 5 R SR A S R R R B
RHOR R KW HAE T 7T DLE 5 2540 1501 T4
KK G HURAE AR 55640 . At TENG BA il
PR 1R]E AR T v T AR AL AT A D e
B A ALRR AL BRI Iz N . DABEE A A R
IR A, 5T TENG 76 H i 2 A7 AN R 430 B 1
PIAIF5E 5 ). — B2 TENG B2 5 BT A (i fHL sk
HLZE ) AR AR AR HR I S A R M B 2 A B X
MRk B2 S RS e e A AR, BT R R A /A3 i
TEHE AL TR WM B4 FRL T/ Pt 2 2% A AR REAE 4B 10, IR
MSEEL A AEREERI . T TENG S5 848 43 e R & H
PATC S HUBERTT , A B RO A i B I e A [ i
REIRAL AR . 57— B8 10 52 00 TENG [ HLZ B
2 B L A R R A s i AR S, AT 5 TENG A
FE AR B PR B AN B S A RE ), 7E X BL TENG
R HL S RN DI RE , PRI R A — A b RE 5 A
H AR IR RS T, R BR T LR BT RML R 1)
ZHO AR, WK L AT LAE 1, — Al A%
A AR TE MR RR L 22 AL A5 L L RN L



662 R - 14 2024 4F
AR = YRR 2 S FR R RS R T RoRWIE LR 2R R e
*x1 HBXE—FUEZEBESIEERRINSHTLL
A o1 B AL RS — AR RS
N TENG 5005 A8 B 1k 5TENG—%
HURAHL B IR L2 M R AR Ak o+ IR 0 T/ 43 T s 1 R A HUZ TR AR A 0] BBV SRS AL
UM RE — WAy — A2
IR A ITER T ZEBHBTIC AL A —E T B AT L
R ik =
E2 2 i(Gling sallkizwil IR IR R BRI <IRAE 5 SIRAL AR VT LUK S RAF 5 A S TENG R LA 1] (4 F1 24155
Kt e v Bt 2 (U RLE TAER n] BEAZ B 51D
TEIXH, 7!‘3(415‘3]92 L EE SR B e AL
A RIS A28 BT R /AR R

ﬁ%%ﬂmcm%$%%ﬁi@L%M@mﬁ e
B R 5 SRR EE AR L 1 M B A B R AR AR I A A 5
MR 5 B I L 25 1 A SRR 1R AR M o5 A T i f 0k
%, IF IR JE .

2 — i EEBEEHESIBEERSENEN
5I1EFE

2.1 RESEMNEN

—RAL R L R SR AL IR AR I 454 5 TENG
— B, — R PR [ B EE A (A 2 ) S X Sk
AT LR R B (B AR B SR A ) L R Tl 22 b e T
A2 a2 D — b B SR RE b BH B SRR AL
R — AU T — Ab A Hi 2 20 B i Bl P R T,
ARLER N E 1 (o) 5B 1(0) R .
2.2 ZH/SURYEHLE

— A Al R L R RO AR R R Y R P B

5 TENG — 3%, Hy B #8505 i Fl J8% N R 38 0 4
(B 1Ce))™ 2 1 S T A ) A A4 ek 8 482 vl £ 1
ANTR] 7 R o g TSR 422 i i 3 o oo 4 2 A W fr
RS T BNOPE P O R Y R R T A5 £ R e, 17

5 — 0] 6 T K s 4 Ay A 0 A H AT 5 Y R T
JIEE 22 8] %2 A= FE X 4 8 B 1E 6 X s AT RR G A AR AR T
P R JER O I 52 2 A THE A 1) T F R =2 (] 7 A JER
HE 3 2% | IS R HH B 30K FEL A Z R AR 32 S, o
PN — A~ HLAR A ) 55 — A HL AR, T R R 1] B A ok Y- £l
FEE Sy B AR N i . R LR A fil/
S BRI SEA B A Z R s g,
M BB I PE A5 5 . B A A% B A DU Ah 3k A
TARRE . e B - B B KW Bh B
SN & A5

WAL JR B B R AR MR B IR B A U R
T 3 43 T B e L A R (R S A ) AR
b, DT 52 i 1 R A A MR . (B 1 Y2, il
T A% B AR A ML By R 5 H 5 v RN T S A5 3R

-
a1

(a) A HLJ2AE SRR Rk 1 2 S 5 20 7% R )

( % % Cu-PANI ( %E % PANI-PANI

PTFE | PMMA | PET

B pANI films (HCI, H,0, NH;H,0)

(b) HURAE R SRR AR R 5 s R

- E] Releasing e
E]R\
+
I Pressed

+++++++++++

(c) AR R AL LI
BT RS C RES R 2 5 AR S J

g, DRt FL 2 B R B2 B T A S SO R 2R
e —x RSN MRS R (2R R EY)
AT AR TENG B HLJZ  HR )2 5 802
2.3 EImBRERENSE

HY T — A b BE 458 P A% SRR 2 PN BB 28 T 5580 — A~
FARHL R — A A 2 5 AR A DL
Wf)ﬂﬂ%*&ﬁ%ﬂ’]%l@/@h%ﬁﬁm%% PRI S A
AHEATE FH AT g 5 e 4 %F%EWf%ﬁ%ﬂr('ﬁ
IE*E%H:/J?E'J%UEHTFH{EM?@ I L S H
*&E%lﬁ/lﬂh%ﬂ&ﬁ%%%uEHE%'E"U(/ . NS
X bR =R Iy AT A



o2 M

Xzt — AL EE R A S RE AL AR BT ST e 663

2.3.1 AENBEREHNEZBEEE

MR T bR A BA ST TENG (14 L 2 B 4 510, A
FEL 2 32 T 14 JEE 45 P Ay 20 2 5 2 TR 140 il 14 T B P T
TEFESC AR, PR BT X i FEL T2 2 T JEE 458 P 1y 5 J3E 9 42 0
B N HAR R — R H AT HRE A B A 3 B L
TR — R RARE 7> B R TS )R
T B — JZ AR 1B, DA T 5 e/ AR B Fi J2 S T 2
JHY BE AR LA (1812 () ). WL A T v W 2
(SRR BERE I, UK IR L R Ly T
— PRI AR AR T3 7 1 W B 5 HL R 3R T K
PR AR RS2 0 Bk A L A I H S OH B
A SRR DT 7 A o J22 3 T W /88 T AR R
oORR AL T AL /R T R LA R A A
DRI 2 77 AR 2 AR T % /6 5 A R 2 3 T R ) RO
(F2(b)). A4 LR PIR LSRR 2 I T BE R 22 5
R ARAL B DL R, A — 2 1 B B
fil , L2 2 — ol B A TR Xf LA ST P A 00 A ok JBE A
MG, HIGE MR AR T IR . 55 Mg
BERY FRIE T 4 R 22 B LR A D BE A -5 R
PRG5BS B — 8 il M T B —

[ ) L4 I Free water molecules
- L  J Physisorbed water layer
$08000,0p by
"" S @ AL CTS/GO-NH,

sensing layer

Chemisorbed water layer

(a) JHC/AFE U A v ™)

et Vet Vel
LR

PANI (ES)

Ethanol
e PANI (EB)

wm;;.;*”’ |:’>[_ —
13 Vo VaeTen® T ar

() A T3 BB 2 1L TR S

P2 T R 42 FL A R4 ) R 4 P A SR s R AL

2.3.2 AENRENNEEHY

HI T TENG FY 55 20 BB vh AL 35 A LR LA
AR T X S AR o B, A T I BE S S
AL R JZ A LR RO O DT 52 M) R A A TR 1) B
MR DGR T LR S ph F R R 2 SR e B A
MRS M R R R A A8 . A% TAE P i
B4 W BP0 D7 A e T 5 B LA TENG B AR
Py BRI DAY FL R0 A D I SRR AR B 5 B 4%
HL A s o R TR AR AR I R A, M T A
(NO,) ¥ B2 5 e Jg i i 114 vl s 22 ) 9 G 2250, O

WA R IT Ay o — PR T B OCAR, IE 3
(a)~(e) TR AU 58 & IR A o 5 U2
PRI DAE 1 fie o A SRR 1) AP BB DA R e B AR A R
SUEPERE , O 18 T A H R SR A 2 (R A ]
PR UE 1B 458 R AL AR R AR AL R A R XA
HLJZ A FL R 5 A S ) DAy b A L B R ) A
B IS SR H— 7 TSR/ 2 TR R X A HL 8
728 A A B, 5 EAR AR R B /)N, 55— J5 Th R JRA]
REAR THEUR AR BE , BBUEBH LA A L 3 B0 225 H AR
AR EM 2 BOR HBA R W BE S, BA —E 1)
SR FRAE .

® Experimental
121 — Theoretical @

Voltage/V

0 10 20 30 40 50 60 70 80
Concentration/ppm

(o) AR S i BUTR R R R —HLETT I S
ST 2 SR 2 i % HEY

4.00
id
375 %
ks
Z .0 eb
93.50 . l
+
- 5
0..
3.25 ""n.. o=
MMQ“,”
1 ———

0 10 20 30 40 50 60 70 80 90 100
Dielectric constant

(b) A HL A HL R T L 42 ]
CES S

(c) A HLJZE A L R BOR /N 1z A HL A A AT BT
[LEECE S

3 JE T H ORI A BE R A R N R L

2.3.3 HIEEBRAEBESNER

— B, TENG A9 LR R T FEL P R4 (9 4 T ik
RE, H N BHAT 74 0, PN 78 AR 0 T A 1E Z W HL
AR B e i 52 . AE SEBRAG T 53 B i (an S L 2
G ) A B H BH/BH TR iR R R R e s
Ay H R A B AE F AR AL S B B e R R S BT
R (P 4 ()Y PRI, G0 R 3 — b S e BE 1 7R TR
BE ARG AR A3 R A SRR AR ¥ T DG ey T



664 H, T

EE 2024 4

FE R P A S LR L RN K2R SR PIMIEAE AT BA
WS T B A0z (Polyaniline , PANT) VE g S A 5 HEBH
PUAE 55 B8 4% v A% JEA i HH IR0 26 2R, e B R b Al
FERS(NH) S5 PRI BT, BT e i S 805
J58 LA TR AR S ) B L T AR N D /N 2 5 AR T 2 A
KT FHEBEEWRMIE (Polypyrrole, PPy) 5 i I 4 )&
ER 52 WA Sy JBE 5% v A% SRR SR R W ) X B A U
M o LA, Horp o P A TR R AT L S B A (H,9) 2
6] %2 A R A B R A A o U 4 R AR A, SR
PPy JE AU LA BB T B, FHL I A B 488 P A% SRt i 1 v
JE_ETFCE 4(5) )P b A b 0 R A% 38 i SO ) B BT
AL o R e AR A A 8 T A P R RS — i
JEE 5 TR IS VT L2 55 5% S ) R 4 R S 17 1 S U L A 2 (1]
7 A A Ak 2R PR S R DR I TG S 4 HE R AR R A
B TAT 114 JBE 488 Hh f 28 A0 ) A% SRR AR SRR BE Y S i 5 ) —
5 T R S AT e K 1 AR A 7 AR TR A
A K ) R BEL/BELBTAE b , 33 %o BUR L A e BR B TR
R
2.3.4 NG

5 M) — A A BE 45 F AL IR AR U R BRI S B £

R, “Sensing electrode 1

c T Dielectric 1
Cr U
30

R@
#4

(b) F:T HUR A BEL TS (b Y AL S L
P4 ST FR BEL/BELEC IR 7 0 4 o A RS I UL 2

ACREDLBE B L2 B S50 FRL e PR SRR AR I R L R T F
L AT GRS A R RO A L R R IR R E A B
45 . ST TENG S A% i) S A0 2 Y 3 vl REAFAE
A A Bl R B UL . AN I AEAE 2 R S L
A RSO0, 2 JEHLBEAE A [R5 5 i3dE e RS L
HASHLERIT 5 A LS SN B, DR IR ST 5 1 Ak
THIHBEL.

3 —FUEEBBRERIEERSEMRIERE
3.1 —KLEEBSEE RS

JETE—TF U A B8 R B AN FOKIR S G
e BE B S0 TG 2K TENG B PERE, H B %1 2015
SERMEZN bR BEG IN FAE ARG I AT e JR —
A B 5 P A% TR A T A AN B R . T DA I %
Gk, EENHE LAY NH, | LB HALA HLE & 1S
& (Volatile Organic Compound , VOC ) £ 3k 38 i — 14K
hJEE 2 v S A A2 SRR AR AT 38K 114 F 5 0
3.1.1 —{K{LEE¥E R NH, fF 27

NH, & —F o A 8 AT B SR A,
F A A PR AR S A K B 5 E KT 25 ppm
(Part Per Million, | Ji 432 — ) He & NH3%§%&? NS
SN N e L R ata e T a0 A1 § I N N
FRUE ) Z— , AR A PRI TR L LT NH, 7
e R, R 5 B s Ak RGBT . AT
NH, R ], 1 & B R 1338 38 ok 0.425~1.8 ppm, izt
IG5 95 £ IR AR VR B (0.82~14.7 ppm). NH, H
R I A S | B (U — g T A AR LA
R FLA R A% 0 v [ 28 A% B A BIF 9 S el PR I 7 B
5 HL ARG 4538k A S 37 BRI 5 5 A 56 1

R BE 22 M AL 2 W AT 5% i T 18 2 Rl T
2018 AF R i T — Fl — A fb JBE 48 W NH, A& IR 38, R
PANTI [] B 15 Oy 1F JE 48 W 0 5 b i )22, S 0 9 & 0
(PolyVinyliDene Fluoride,, PVDF) 1 S 111 JBE 482 Ji Hﬁm].
AT NH, o] DUARR S A 2 B L SRR A B, PRI
PANT f A BHLAR K, £5 86 0 it R R /)N . 3 2%
¢ WAL A% AT LA 52 B 500~10 000 ppm NH, (1460, X
10 000 ppm A4 4 i 1% 7T 3% 80.96% , H H A K 1Y %
Bk, IFHe I8 o 2K & O 4% (Light Emitting Diode,
LED) ST 52 (380K FIB A LS i NHL IR (181 5(a)~
(e)). SRIMZAL B 5 BT — AL BRI T PR

N — A AR T R X I M B NH, B I i
AR AL I A M8E T2 K A B A i 45 2 AR AL B
(Ce-ZnO ) 4 K 5 U A Aok 1l B o 1 B2 488 8 S, I 4%
H 5 B Lk 48 5% (PolyDiMethylSiloxane , PDMS ) B
P 2 2 A5 B SR IR AR (6 (a)) ™. TR R
BEF NH, 7] DL 5 WM S A W) ZnO & A 2% 6 0 A I



Xzt — AL EE R A S RE AL AR BT ST e 665

000 ppm’ 1 500 ppm 2 000 ppm’ 3 000 ppm’ 4 000 ppm: 6 000 ppm: 8 000 ppm' 10 000 ppr

0 5 10 15 20 25 30 35 40 45 50 59
Time /s

(a) P& A I RE

Gas species (10 000 ppm)

(b) PEREF LR THLRR (o) RIRAR I FEYE

5 PANI/PVDF JEFE{g 1 NH, {425

HAER MR Zn (NH,) 28 5, DT 3G ORI B2 45
I THT 11 1E H i 25 R, E i R T A% SRR b L T
I 45 SRR 5 1A% 1245 T LATE 97.5% FH X BE
(Relative Humidity , RH) 9 755 {5 5 855 & & I 2] K 2
0.01 ppm A NH, (&1 6 (b)), H X 1 ppm Y NH, i )i/ =
15 32.66% (&1 6(c)).

(a) FLIRAR TR G514

]
l 0.01—>10 ppm II

Voltage /V
SN AN OO

|
S

0 50 100 150 200 250 300 350 400

Time/s
(b) NH VR - LR C R
70 = Ce-Zn0-0
607 4 1 patiedre
= 50 o
g 40
2 30
& 20 .
10
0

2 4 6 8 10
NH; concentration/ppm

(c) ANl Ce#B82% ZnO SHAEL 0 B X L
K6 Ce-ZnO/PDMS HEFEHE B NH, F k!

TEAL AR I T, AR BE T T —FR P
HEBE NH, (&A% i T AR T R P e = A iy g ik
48, DN 38 A28 T {000 10 TS 48 ik R 5 = Al B 422 ik
B R EFEI(E 7 (), SE T AN R FEA T by 4 S s
W CPEL 7 (b)) 2, ] B e W8 A5 DN A I 1 4
AU P 5 PANT 3 A0 IR % A e 1, SE 8 T
0.1~25 ppm NH, (A ZLAG I , X 25 ppm NH, f# i Ji 7]
ik 40% , 38 32 XF Lo D AR S IR R /MR A SR B T
I 2 3 v 10 R A L T TR B 1 A B X
(B 7(e)) , A S A HERE AL IR AR A A 5 W 0 46t
WR . )P R 2R HBCE A T — R S AR Sk
FAARE T G A Sk N A R PR R /2 £ 4 R B 25T
PR A S R D R R T RSk IR B A
ZALR R Rl T S AR . K R R
IE FE MRS SCBORORE, AT LS B 50~500 ppm NH,
B Rk, BB BAF s g . B AL R
I kb w5 Bon RS S LT 8’
WAR AR B JC LB T, A7 ARV AL F o B R
BEFR I A SER W 37 A AR LI FH (B 7 () ~(f).

3.1.2 —k{LEEE iR R

PR — R G R B 7R 5 1%
VOC, 78 Tolb A = v o E 2 SO S ) —
WM, SRS S R KE T BRZ K 33 000 ppm™, (K1t
o BN AT LA WL Ak, AR RN )E , BT
L BETCE e WA 25 B b P I <05 T/ DR R S i HE
H DRI 2 T A s A T 28 ARG AT 17 FH 92 2 LA
CBEM A TG MRS B B TR 5 0 1 2Bk B (]
PLIK B H ppm %) 35 5 T R AR A 1) ppb i 2
(Part Per Billion, 1424322 —) , IRIAT o] LA 7= A2 0 B 11
XG5S . AR E A X S BRI R T — &
FIFIE TAE.

2014 4F - Ho AR 2 A8 T — o mT DA B KR
iz B SRR I EE R A K Z F ML (8] 8(a)) , IR IE T HL
T FETOHLER S BE T /K30 P A [ 2015 ) f G o 3
a5 R R AL AR BRI TE [N 19%9~20% (viv). It
Ah B A 5 AR AR L LED [ 51 A GE | 8 1 g%
LED AT 58 K S0 T £ B B T Ak Az i (&1 8 () ).
SR T A S 2 118 W 7 A /I ELAS I T PR ok vy, 75 B — 4
TR RE

Sk it — 25 4 T HE far FE ALY B T, T B X AR
Y S0 R A T, DT 23t X 2 B ZE VR I B . 22
R 2F 2 55 P BA G 2o Jsz I B 20 ok vk A Y6 355 118 SR Ik
1% (Polylmide , P1) 3 JiS 2 T ZI il 75 31 44 >k 28 4 51
(KE18(c)), I 5 Z LR Wi (PolyAmide, PA) B 4H A 15
) P £ B AL IR AR DR 25 R R W AL RS A X
500~10 000 ppm 1 L BEEA B A7 2 i (&1 8(d) ) ,



666 i

3

il 2024 4F

Restrictor
valve  Gas out

Tester

(a) SETHE NGB0 NI (1 RE

LI AR G

S — Slow breath 0.6 —— Brushing teeth
— Nobmubing e
0 04 N o
0.4
Z 0.6 {— Rapid breath > 02
S E
0.6 G
> 0.6 {— Deep breath & =02
0.6 0.6
0 10 20 30 40 S 0 20 40 60 80
Time/s Time/s

(b) ANIRINTEAT ! ¢) WFH NH A

IRTEIE B IR RSt . Bl e

(d) FEIRARAE AL B H]

&
=3

Concentration/pp!

0 12 24 36 48 60 72
Timer/h

(e) H POZAS ST /12 NHL e o 5 i i ] DG &2

Response/(V,—V)/V,
° ° °
o 'S o

o
o

-12 0 12 24 36 48 60 72
Time/h

() L8 X 5 1A 2 A T
7 FEHEFL NH, LIRS 1 3 ]

X} 500 ppm (1) ZBEMR N A 8.1%. A, H T B #5238 i
P PR BB, DRIt 58 A1 Y R A% i 119 52 1w ] LA 22
e A AR S

TE AR %A L 5 T, AR AU R 2 B 0 3= T BA i T
— B AT 2E A BUR SN R B 2 RE e A K
(Multi-Wall Carbon NanoTube, MWCNT) 1 PANI 2t V£ 1)
Ecoflex SHILFHRAN, £F4E R AL AZE 90 ) ) 7.
AE bz A 58 2 il AR B, T LLGE IS 2R AR R

Ethanol/%

b) 1L R3S 2 B URNERE S T L R

) PI %*Q??EIEW%%E SEM ﬁ/%ﬂl’izl““"

80 [ 0 ppm

Voltage/V
DA
=1 =] =3
o
S
w
= =——p"
S
e
=F—=
(=3
S
<
o
S
S
©
=
S

I
()
S

|
B
=

S

5 10 15 20 25
Time/s

(d) LT 15 A R i 1) PR 195G 2R
F8  BEfEH SRR AR A S ke

2 22 I 1 PR R s 5 e L SRR 7 A LR L BEE AR
A 1 RS R I B RS B A dE T
LB AR . A, 128 AT X 100~400 ppm Y LS
PR ELAT R (1 9(b) ), XiF 400 ppm £ BEZE TR ]
13k 54.73%, HBA A EE M (E 9(e) ). R T
A8 6 5 R (X O BB S ), i B R
AN B S AR Ak % I A TR A T ARSI 7 B P b
T mT UHERR A AARAZ 8l v il 4 52 e, A5 A F 7 1T 2R 8
K 5 i 1

by 1k — 25 F FHE IS BN BB L AR AL K2R L TR
BRFEEH T K BB T T —Fh = WA 45 4 Y B2
PR 2 WAL AR )L AR RS T I T A K Bl v 1
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Z U3 £ I (PolyTetraFluoroEthylene , PTFE ) i [+
1N IT 5 P PANT G5 A A Jo] 3001 422 k- 25 45 3 i
AT S, R 2B 43 1 72 2 55 3 T PANT 55 19 U5
- Z 1B AR AR 5 BROR 43 4 52 i HE g BELAS, DA T
REL A% P~ 5 3R A o7 3 0 2R B W B 1 A B, e 4 3 3K
PANI 5 H VEREAR , i ) A A S5 B T R . T4 SRk
W A% S X 30~210 ppm Y £ BEEAT R 410 Ze P i i
[EI1UNZ S S R b 3 Prveri P S a0 | O VY =¥ i [ o
LGS LED AT B , 4 W2 i 58 LED AT A H 1Y
70 Al ke 52 AN [i] ) G0 22 s o P I 1 T R A
K 9(d) Frs.

MWCNT PANI

e b \am she: d
|::> |:>
Ecoﬂ
a) BURS W AR TR
20
3 =
g 10 T o=
8
0

0 100 200 300 400
Concentration/ppm

(b) BURSUIRY S LT S LR 9 SC R Y

15 100

b
L

Current/nA
wh
<]
Response/%

w

=}
=

Cycle
(c) SEUREAPIRT 1ty 7 52 A o

Drunken driving standard of China ~ Drunken driving standard of USA

EF EEEE

0.02% BAC=2 cups of beer

Drunken driving standard of UK
- - -

0.04% BAC=4 cups of beer
0.08% BAC=3 botiles of beer

(d) = WIIRGEHG 1 JRs X AN [ ] 0 25 B v e 1
RN LED B3 n] 4k Jg 7!

Ko g R I K T

3.1.3 Hftb—{R{LEEER VOC KL R
VOC UMK A B EW o #k , REWA 27

FONR BT O WK B EE X I R G A
1 AN T 38 G s e A AR IR R A A A R R Y
VOC AR, Fo & i iy A8t vl B 5 AR B Lo e g A
S0 B G VOC AR B A I - o B AR K
T4 VOC SUARAE 2 i A BE T 06 M4 22 H B AT AHAL
WA R | DR VOC AU A% 2% A5 1 e 37 A $5PEA
FRER T . v BB B R34 Ab 2 1y BRI 9 T 1 5 1A A
SR FH A0 il B K A o 8 T — i SR A A 1 30 AR
A7 52075 (rGO-In,0,) & A f5UBOR B F 1 B8 462 1 s
50K Bl RO I G o 0 TR 2 SR 2 WA A SR T AT
X 200~1 200 ppm FAREZE VA TH8 , H AT LED 4
H AL R R PR R e 25 Ve (81 10(a)~ T 10(¢) ).
R A% JR g 0 4 e 25 VA R AU AL R 0.04 %/ppm , 75 %2
P S e

3.0
1000 1200
2.0 1
i 1.0 4
o
5
O 1.0 4
—2.0 1
Unit: ppm
-3.0
Time
(a) XA e 1) S A i
0.6
05 « Al =0.000 4x-0.020 7
E“ 0.4 . GO R=0979 6
d = 1GO-In,0
2 03 1,0,
g 02
2,
goa
0.0 4 —ge———p——
-0.1
0 400 800 1200

Concentration/ppm

(b) AW e 2 - o7 2 P 0 45 24 R

(c) Ik, ", e Y LED P51 AT 014k e 7Rt
F10  rGO-In,0,/PVDF L 5l FE AL s

AL IR 1 RABURE S R, R PR R A B
Eﬁ‘él’ﬁﬁ%ﬁﬁ oy F R AT T 22 . AR DRI

5 TG HE KRR PR 2 A 5 B A (ChiToSan,
CTS) 2:300 E2 7 W (PolyEthylenelmine , PED) ™' [ £
B AL R LS PN R B0 I D A SR A IS
N JEER, Bt T — R B BERE R T ERAL SR . L CTS/
ZnO 43 2 SR RSEAL B8 o 9122 0 3 4 SR 3 W A2 Jak
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AT DLSZIIR 2 1 ppm B S ERAS I (P 11 Ca) ), HAL I
AR REPERT USRI, S /N RE R 3 2247, IR AT X 43
IEH N SRS PR A e (B 11()). hEA
T R 27 i A% 28 IR 2 [R) AR AR FH S A2 B s 1z 1Y) W B AL
M, B3t 7 — A T & R R R A B i 1) MWCNT
(MWCNT-NH, ) & & MXene U T H BRI
M2t WL X 0.01~5 ppm Y F S ELA e 1

1.0
Unit: ppm CTS/ZnO
0.8
= 0.6
o 04
&
E 0.2
0
-0.2 .
0. 4 89.3% RH
100
Time /s

(a) A ERES AU Y AP RE™

60
40
20

0]

20

40

—60 4 air

Wind speed (4 m/s)  Mxene/NH,-MWCNT

Voltage /V

ppm ppm ppm Ppm ppm ppm
T

0 150 300 450 600
Time /s

(c) A IR P e P SRV RER

(11(c)), RELREATIA 24.13 %/ppm, HIHA /03,544
P TEPE EL . 5 J B P PR R R B R AT R, & AR
JERAS T LA G0 A W A TR AR B AR s 0 2 g O
G5, wmE 11 () s . RV R B AE AR HIL
BET DAA 3508 8 A AR 4 ;AR A 25 A SR
SRS UL B A TP G ) 8, 38 5 43 41
SRR DR LIRS — R RO .

(1)(8) Response=10.45%, Response=15.25%
0.6
Z 04
o 02
g o
2 -02
041 -
~ No exhaled
-0.6 EZ:;h"xlzed it boethax;m ath witl
08 140 2 glucose intake
0 20 40 60 80 100 120 140
Time /s

(b) TEF NS REUURE PR R O L ARG P R o 1L

% g g After smoking
&0 -
S
= ]
> 0
3 4 Smoking
0 T T T
0 4 8 12
Time /s

(d) ARWEAE . W AE 55 WA Ot R P R R LY

P11 BEAZEE A R R A e P R I A A 0

T VB0 A I 7 T, R LR S B OR BIF O B
Jeong Min Baik A1 A 11 T — Pl 2x2 FE 8 4 K & HL AL
FEZ, 1 OTT R 1 FEE | L IR R Al
(P 12Ca) )7 A 0 4% R 5 W] 42 SR 2 mT LA A 00 8] 1 22
1 000 ppm EI/J?B/N/ZQ R {8 A% SRR 2% X H s RN 2 T ) [X
OYRE SN IE T E— 2B A T e AME AR i A BRA R
HE— P REAR ?@%‘ﬁ%lﬁj\wfrT — ML TR AR
BARE PPy U 451, I 5 PDMS BRI ARSS 515
I FHH i 3 B R R (1T 12(6)) ™. Tt
S5 RR Y] PPy A YA [ XS NH, — ALk (CO) 5 —
SAMA(NO) LB PR R L, A _E S BB 074
SCHEAT AN, 3 i g L A S T LA A AN
[ BATM R  f J SAr

R NH,. VOC TR b, — A 4k e 45 ri A% R0 i 7
HZS[%]\:%—VHC@JZ(CO ) 52] /:EL(H ) 30,53,54] \Z‘}:}% 31,55] i—%
GBI AR . R 2 IR T AR — R EE S L R
,Mg,f?@%ﬁﬁ/ﬂ*ﬁ;‘éj:,ﬂg\20~22,24,26,28~32,35,37,41,42,45~47,49~61]. — K
PO {5 A AL It 1o Ak TSR0 B B, 7 I R S5
SRR U RE LRSS )y TS E— PR

'." CHORE 40 o 27
/ NIO/ZnO © <1 <l .
/ Polyimide.”
R -
o

CHCOCH; "™

’ Al
eo,‘fl’: J 0 () Polymide

@ o @ prrE

(a) —{RALEESEH VOC KRB 51 55 i 45 1)

Automobile exhaust
(CO. NO, NH;)

b) — R A R R I A R R I

P12 EEHE VOC A2 IRES 51 5 00 T
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al

R2 —RUEZRBSEEREE (B BMRERT L

B ST BRI R HUPEREREN Lioalll BNl M) 17 (. M 17 1 ] E= BTN
PANI/PVDF NH, 500~10 000 ppm 80.96% (10 000 ppm) © ~40 s’ SCHK20]
PANI/PTFE NH, 100~1 000 ppm 40.95% (1 000 ppm)* — SCHk(21]

FHASKL/FEP NH, 50~500 ppm 87.87% (500 ppm)* ~9 sl CHR[32]
Ce-ZnO/PDMS NH, 0.01~10 ppm 44.68% (10 ppm)© =155 s SCHiR[41]
Ce-ZnO-PANI/PDMS NH, 0.1~25 ppm ~20% (5 ppm)© ~109 s' SCHiR[42]
PFOTES-Ti,C,T -CNF"/J& J¢ NH, 10~120 ppm 71.42% (120 ppm)© ~12s! SCHRI56]
AVPTFE(FCHUFA L) 2 20~100 wt% ~33% (20 wi%)® — SCHik[24]
PANI/PTFE L 30~210 ppm 66.8% (210 ppm) " <20 s! Hik[26]
Si0,/PTFECEHUEH ) T 1~20 wt% ~78.57% (20 wt%)" — SCik[45]
PIYYK L 4:51]/PA Y. 500~9 000 ppm ~8.1% (500 ppm)* — SCHiR[46]
RhIRIB 2L PANI-MW CNT/i U 2k L 100~400 ppm ~54.73% (400 ppm)' — SCHR[47]
rGO-In,0,/Al P73 200~1 200 ppm ~30% (800 ppm)" =200 s SCHR[49]
CTS-ZnO/PDMS PRI 1~10 ppm ~19.02% (10 ppm)* ~18835s’ SCHk[22]
PEI-SnO,/FLIE K PR 2~10 ppm ~16.26% (10 ppm)* ~346s' SCHKI35]
CTS-rGO/ PRI 2~10 ppm 27.89% (10 ppm)* — SCHR[50]

Ti,C,T -MWCNT-NH,/Jé J& HE 0.01~5 ppm ~36% (5 ppm)* ~57s' SCHRIS1]
bpy-PMA‘/PDMS P 0.5~60 ppm ~38.5% (60 ppm)® ~4.65 s SCHRIST
Pd-ZnO/PDMS H, 10~10 000 ppm ~373% (10 000 ppm) ¥ ~96s' SCHR[30]
Pd/PET" H, 0.25%~4% ~70% (1%)* — SCHRI53]

PA/f M ET 4 5 H, 0.001%~2% ~83% (1%)° ~85s' SCHR[54]
Al-Ag-TRAKLF4E/PDMS 2 10~1 000 ppm ~83% (1 000 ppm)* ~88 s CHR[31]
Ag-ZnO/PDMS 2 30~1 000 ppm ~39.2%(100 ppm, = ) — SCHRIS5]
PEI/FEP o, — 11.73% (100%)" — SCHk[52]

S i F-PEI/PDMS o, 420~30 000 ppm | 0.2 nC (13 000 ppm, HLfif 25 fF) — SCHR[58]

PVDF-TiO, /i BR LT 4 3R P 4 814~20 861 ppm 80% (20 861 ppm)* — SCHRI59]

PPy/PDMS F 100~1 200 ppm 63.27% (1 200 ppm)" ~155s' k(28]

ZIF-8@Zn0O/PVDF F i 100~1 000 ppm ~15% (100 ppm)* =595’ 3CHik[60]
PPy/PDMS(4 4> BA.T) NH,, CO, NO 50~250 ppm 3:12%. 3‘%'23%’ 86'91%(\50 b — SCHR[29]
: LA B R 2 2% PPy Ay 41 )
Zn0/P1, ZnO-NiO/PI, ZnO/PTFE, | HEE, L, N . =240 s(ZnO/PTFE
ZnO-NiO/PTFE T Il N X\J‘(&Pi%) ‘ L]
N 5.27%, 5.19%, 29.04%, 6.55%,
PPy/PDMS(8 > 7T) Eﬁ@? oR, A 100~600 ppm(FR ) | 10.95%(600 ppm, Lk CuPcTs #5244 ~200 S(CHPC,TS i SCiik61]
W, 4405, B PPy Y % PPy Xof P ) ™

TE L FEP: Sk 2 MM HE 3 Y0 PPFOTES-Ti,C2T -CNF : = Z 48 E-1H, TH, 2H, 2H- = Jil 1E ¢ SERERE-BR AL AR -£T 4 Z YK EFHE bpy-PMA 14,4 -1k
LI -2y RE AL B AR . PET SR — YR £ R RSB SCMIAVI/V, X 100%. Wi W ELSE SCAIATIL X 100% SR AELE SCHIAVIY x100% (AV, AL,
Voo Ly VS35 L JRZE A rL 70 f i R el I R P U0 LA R VAR LI A I P TS ) 0 I 1] 522 S Ay 25 302 A A2k 4 90% It T 75 1 1] i

SIS ) S Ay 38 B0 S A I 1] R () DO P2 PO

3.2 —RLEZERIEEERER

MR EAE N — PP EE BRI R, A8 T A B o
T S U DR A8 AT i 1) 9 O JR A DA > H i
278 1) P L/ e A R 0 R A Al i R Ay A SR T 4R
AR A SRR T A FLRE IR A SR Sl , BRI T HAETE
BTN . ST LR 5t 4 AL IR AS O SR AL

e 2R, WFFE N DUIT R T — A Al B 458 v Y £ R s ) BT
G, T T AT SR AT HE A .
3.2.1 —{RLEEERIE E AR H MR R

2013 4F, T A AR IR AR AL A AF 50 BE 45 40 0K iz v HL
AR BE I, B B 0 5 X g Y R T A R/ N2 I AR R
(FE13Ca) F1(6)) ™, TP IR T — MR b R 4 v Y 1
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GRS . K PRAEAE AT LB S FE BRI SR T , DN T 0388 B A 7 S R (5T 14.(e) ), A7 B E AR A RER
ARG/ B W PE 2 oy, 3 2 LR R AIR . BRI e AR VEE I A B A5 AR .

TE B A JUAF RO 22 3 BT RS2, B 1 BE 458 P Y JEE A%
i ) A AR, R T A% RS P RE 4R 22 15 oK
W12 T Htt— DR R

\

)
B
9 3 sﬁ\&%
@, %o N b
s

120
% 60
& 5!1 ! | LLLLERRLRRAA I ‘
SO = N = "
> =60 || 80% RH e
0 5 10 15 20 25
Time/s

Voltage/V

(b) LED FEZ I W I 1 T 4001 R !

CTS/GO-NH,

5 o 10
B3 BRES IR X TENG i HiHEAE (03 PN :
‘ B ‘ e il 0 e |
S 45 T HE (2 B Bl S TS — i <
T AT IO A2 . AT 2 5 7 5 A R PR yud

(b) TENG1EARRIREEE S LEEHe BE R (i i ey AR AL l,______/_"_Vf“f‘“ml““l“ 15

Voltage/V/

4 A A ST 8 CLAC) WA 1 4T 34 56 T 1 o ek 8,
TS RS T LACL B Jak S [ 00 B 58 1 46 11 (o) R (d) fEI R HE ™

FE S 4 U I 0 75 4 25 40%~80% RHE 3 FR Y L
A7 5 604 HL AR P 14(a)) il LED B3I
SENESEI IR BRER B AP 14(6) B 7% s AP BEH T 1204

160

—
2 .\\ 8§
\’\‘
g
4
4 N
N

— e R K L (1 14 (e) ), Horp CTS 54 %, 5o

FAL A A 5505 (GO-NH,) B & M RHE M U 6 5 1E § AN
PR TR U R BT 5 3K B BE T L GO-NH, 1,073 8rr207.18

HOFE AT 00 4 5 4 K T CTS i e R i AL, 3 T fUs ] Rl

I A IRV S R A T . U2 SR &) 14(d) i, &5 20 30 40 50 60 70
SRR AR IR SGE R (18.7%~91.5% RH) | Relative humidity/%

AR B I (K 91.5% RH IR 1 A 94.45% ) LA K 35841 (o) A IR 1 IR ABCE R AR I 1 Bl P 1 Y 3 M 45 e

IR (6.2% RH) 5 F rhobR A1 BAGE &of 2 )2 8 Ak A 24
(GO) 3R &I Fo % 2 1 45 bE (Poly VinylSilsesQuioxane
PVSQ) 1 5 2 4 i (PolyVinyl Alcohol, PVA) (14 ¥ W 1% RS — R b JBE 458 P VA% St ) P B AT L R T
WTAH T —FhBA R R e YR U SRR AR AT T A% SRS A0y Y, 300 ik 2R A% I
GO-PVSQ/PVA & A [l B H 5 4488 —  &97E A BERER I Al AR . ARk iF e A1 &
Foft 16 (A BEAZE I K S LT SR T 20%~70% RH VLR SR B i 9 R JR ok 17 R 88 I 2 ] (1) v T 56 8%, 18
P TR AR R, RAGFEA N -3 VI% RH,IEXIF AR GBS FRRT WA B 15 B I T g 458 A iy

B 14 WIS T R R 52 P A IR A P
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Bff 7K HP S (H' 5 OHY) O RE 77 LA TR 42386 A H J2 10 R
TR AL B TE IR T A F M S 1S
FHEF(E15(a)). G1HEHERFMG R IREZH 5T
R T T — 3 B i - H I AR A Y JEE 4 g
K& I KB TR TR S TR AT
TESE4 R, FEUE I 1 v T B T 3 2 A e KR
/N, 7E 60% RH T ik S AE L & (E15(h) ). Britt =z
A ST R B S KRS I R 2 () 7 T A
AR AR I, 2K 7 IO 5 [0 5 A I 2 v 270 K 4%
FHBER SR, AR, R K T I E
JB A 1) T PR TRT 4 BB, DA T B2 T % FR ML A i i e 1
B IRA TF 2021 4R T —Fh PVA K IEJEE

Q

COoH
g NI,
HN };v
@ HoOC g
HOOC
A N

VUL Peplide

Gelatin @ : Cation : Anion

(a) HETF BT R U3 A Fi i 3 A A2 ] )

95%

20 75%

0 2 4 6 8 10
Time/s

(e) AMLRE MBI AE M RE ™

B ZE NI (PolyPropylene , PP ) Sy 71 JEE 482 38 JIES () JBE 452
HL AL 1) e B T B SR K B R Y I
PESZ AT BLGAIE T E R HLBE 38 . DR SRR
%1 AR 15%~95% RH 0 FE P AT 2, O ] K 1
Fop A B4 8 Fh A, A B A T 2 AR 43 P A5 LAY FH
(K 15(e) ) ;2022 4F 3 1 T — Fh R & BE 2F 4 & (CE-
celluose ) Ky 1F BE 4B I PTFE Ay £ JB8 488 795 JIi (1) JBE 482 iy,
2 B AT 3 15%~95% RH 3t il P (4 1 2, -4
95% RH 1Y = 10 24 55 K B 482 o fop 25 B S TH 31 17
533 wC/m’. B TAEm RIS T RAFA5R 8 LED FE41 T.
YESNEI15(d)) , TG A 1 IR BT i AN 08
PR I 5 G e A i A A 25 2 W 7

45
60%
0,
r?“ 30 40%5 %
g 30%, ;1
L:;;_ 1 20%
= 70%
£ 151 80%
<]
0
T T T T T T
0 4 8 12 16 20 24 28

Time/s

(b) B e~ i ek PR RN T A e ™

F15  HLfF S b T R AR LR I A R e T RE

3TN 1AL AR R — A fh B 5% F Y00 B8 A TR AR 1) A
DA 2024276300718 AR A e o S ) 1 4
LT AT, EL B Xk ARG I Rl P i ARk
il 0 A AR R AT B B A, B XHEE
75 i RS S R T A UL B i — P IR R S

EAIE .
3.2.2 — (KL EERBEEERENNARR

TE o 75 T8 W0 A% e v T e o AR H BT 3K
PR e AR S RE T, PRI LG 2 T DG | Rk A
DA B PRAN I A5 Uk BT — 2 B . N DG = KA
Jae Y. Park iR A % i1 T — P ik 4 /Ecoflex SR
JEE . i A B (MoS,) 5 41 284 15 S 15 o AR A I 42 fink =

LIRS G R AL AR B T X T Y B T i L
HIRRAN , T3 R EE AR (25%~80% RH) 25210
1L s b R (B 16(a) ). M 13T I R B T —
AR AUV Tt 26 (B 16(b) ), SEBL T X WIE
T BTN T (B 16(c) ). BTRER BRI 5 A2
Aman Mahajan TR B 25 22 T 25145 T PVA/MX-
ene SR 2T 4k 22 ANOK ZF Ak AR, 43 0V S % S ) JBE 452
R L2 B AR SR A e A R RS
WAL K R P T 98 BRIk A, SEE T 48 il oK
BRI T 1 A R, e 16 (d) Bz . BEBT 3 A
i B A F R A IRTE Cu L A PANT, 15 51| 1E 58
AR AT B, 0 5 5% 37 ) PTFE Y R 2 26 75 31—
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K3 R EREBRIRE GRS
R L3 ST RE 4B R ¥ M) o7 {Ef Wl NI | LGS AR SR G R | 7% 30k
CTS-GO-NH,/PTFE 18.7%~91.5% RH 94.45%191.5% RH * =254 5% | MREEIN AN TRE | SCHKI23)
AV/PTFE(ICHUSEM K 40%~80% RH — — TEEERGI kR R | SCik(24)
LiCl-ZCsk /i 409%~80% RH 75.20%/80% RH © — MEEER N S R | SCiikles]
GO-PVSQ-PVA /MY F 20%~70% RH 99.96%/70% RH * ~6.4 s MEEERG N SRR | SCiikle6]
S B I/PTRFECEHURF R | 20%~100% RH | 87.80%/100% RH(J i 25 FH45- 434 )! — TEEERGI Sk R R | SCHER(74)
AVPTFE(TCHUSAT L) 20%~100% RH | 59.69%/100% RH(#i 1 Jy 7.2 F+- 4543 — MRS R RE | SCR75]
4k BB A/PTFE 40%~90% RH 71.70%/90% RH © — TEERG I i R R | SCEk(76]
NaCl-Al/PTFE 30%~70% RH ~25%/60% RH — TEEERG I S R R | SCHER(77]
GO+GONR 4E5K "/PI 20%~99% RH 124%/99% RH * ~0.3s TEEERG I SRR | SCHR(78]
PANI-Cu/PTFE 50%~90% RH 62.80%/90% RH — TREERG I S R R | SCHER(79]
Tk AU -Ecoflex/ T4 25%~80% RH 83.87%/80% RH — MEEER I TR | SCEk(80)
MXene-PV A/BSERET 4k 44%~80% RH 215%/80% RH * — TREERGI SRR | SCHERIST]
AV/PDMS(TCHUBH KL 10%~90% RH 14.52%/90% RH ° 22 TREERGI S R | SCHRIS2]
PDMS-GO/Ag 309%~90% RH ~81.25%/90% RH — MREERGIN R TR | SCHk(83)
A JEE- H/PTFE 20%~80% RH 128.57%/60% RH ' — @EimnﬁmﬁLfE K27
FE(60% RH fiz i)
HEH/PTFE 15%~95% RH 250%/95% RH © — MEEERG I s BT | SCEk(71]
PVA/PTFE 15%~95% RH 217%/95% RH* — MEEERS I s B | SCiEk(72]
CE-celluose/PTFE 15%~95% RH 388%/95% RH® — MEEER I F s B | SCiEk(73)
PVA-LiCl-MXene/PTFE 30%~95% RH 46.68%/95% RH © — MEEER N S B | SCik(84)

T :"PVSQ: LRI 1k e "CONR : S A1 BRMS KA Wi R (BT SRIAVIV, X 100%." Wi 1 (B 52 SCAIATVT X 100%. Wi BB AE SRIAVI/V, X

100%. M 5 AE 5 WAoo x100% (AV ALV, 1), V, , Ao o 3 5 A U FRAS Akt i A8 Al e el e BEZR B
L 2 A A L R JEE 48 o 2 ) R N 61 2 S 25 B A A1 ik 119 9096 Hb ST 3 B ). W 7 i [ 5 S g 325 B0 3977l A J9 o5 e )

20_RH ‘RH JRH ;RH RH ;RH RH |RH
570%

25% 135% 545% 552%

Peak to Peak Voltage/V

161%

175% 180%

Before using
moisturizing

Y 1ff“f ;

30 min after using
moisturizing lotion

\ After using
| moisturizing ||

Voltage/mV
(=]

204
40
-60 T T ——T
20 60 100 140 180
Time/s
(d) 4515 Bl 5K Bl 1 It 2 301 kT e
AL kel

b) AR e T e B

0.4

D Sample 2
i Wet

03t
02
01

Current/nA

—0.1F
=02
03}
04

Time/s

() BEILIRARAG 25 5

16 FEAE LI A IS 1o 1oz 1)

FE R EE T B0 R R A

1.0
> Hand
Ea 0.5 Leaving
3
: 0.0
-
B
~
2 Hand
=% ~051  Approaching
&
-1.0 - : :
0.0 0:5 1.0 15
Time/s
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