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e FEG R, FURZ)E MoS, HAT &g
TEPE . MEALERE | P P IRRRE SRR, Bk, O
WF5T ke PR2A 2 88 /0 2 MoS, ELAT 58 1 Ha 1 2122,
FRJZE MoS, B HLH 2 ey A 2.9x10710 Com ! 23,
BN, FERIAS R Jg 0.64% B, B B2 F (588 N
5 mm, KN 10 mm) BYIEE(E 1 AT A3 18 mV
127 pARY PR M HC TR R H ATt A2 B T TR,
U Jiang &5 2% /02 MoS, 5 PVDF 454 k2 &
PVDF 340K A #EHEHERE, IIA MoS, J& 1Y
AT L R B dyg M 27 pC/N, H4l PVDF
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2.1 # #
BRMEIE PAN (M, = 150000, 99%) LA K N,
N- " HILH BERE (DMF, 99%) Y903 [ [ 254k

R BRA R ZmALEH (MoS,, 98%) M A KidtAy
RUEAARHEABRA A,

2.2 E MoS, 4K HHH &

SR FH 75 ) B A A B2 B 2 )2 MoS, 4K
AR5, B 1.0 g MoS, By AN 50 mL DMF
VWP, AE 2R T LA 1000 r/min 9% AL HE
10 h. H45 5 543 BORAE 8000 r/min 154 R B
L 30 min PAEBRUIVE, B EREWR S KE L5+
JKAE 1000 r/min FHEHHRA, S8)5 FHFLIE 0.22 pm
EOPUR/ - RAS U/ AUNGIRY & SUR/ IR R GBS =p Sl
UE S 7 A HOEE 25 B oK Hh S AR B (1000 W)
3 h, SRIGVR VR TH45 2] MoS, 49K J-.

2.3 PAN/MoS, FEE AKX TEERNFIZ

B\, ¥ 1.8 g BINMNE (PAN) %% T 15 mL
i) DMF % W B 5 30 min, R )5 6l 4 5 19
MoS, 44K A LR IR A% W, MoS, Y 5
TR AT PAN B BT & H 43 LAk 1.0, 2.0,
3.0, 4.0, 5.0%, #ETE 3 C FXHRAERDEFE 1 h,
ZJEFHRZE 70 C fidt 2 h, &S5 FHERF] 80 C )5
A 1 h 75 3445 1) PAN/MoS, # i, 25 22 VS I .
KR IRRE 7 sl £ 2t PAN #2522, AR TR I
MoS, 2K A

P45 1 PAN /MoS, #5HL 25 22 175 e A E
A 27 M (EAR 0.41 mm) Ji - AFHWE A 10 mL
— VRSN S A v R AT 97 22 W G s 1
B, S TIRAE 40 C T 3 h. AERRiL g 22 A
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P ] 27 22 W A 0.5 mL/h, Jiti i HL R A
16 kV, PAN/MoS, & & 44 K £F 2 g i 55 75 — 14~
B a2 RAENEE L, 5k SIRE IR E N

15 cm.

2.4 PAN/MoS, R4EE G WK HIEER

e SR HI &

FE RIS A AR AL 3 cmx3 em IR
S, FER A YRR T P00 2 KN S HLAR
Jieats, I RS 1 PN E | A 2 T 5 2
W, 55 7R P B el e T 4% 36— )2 PET
LU B AL B, A T T, ARYE MoS, & i,
il 25 471 PAN/MoS, A 9K AL 2%
Iy B4 PAN, PAN/MoS,-1, PAN/MoS,-2,
PAN/MoSy-3, PAN/MoS,-4, PAN /MoS,-5.

FAEMRK
i & S 7 B (FE-SEM, #I5-
H Az (HITACHI)) %}l % £ PAN/MoS, & 521 4k
JEE A TOULTE S 25 #b 6 4T T 3RAE, 75 SEM WL Z
HI, X2 A 4R dE b AT mE A Ab B ISR H S5 Rk it
B X SR BERE (EDS) XFRE fh 19 0 2 A4 it
FTRAE. (3 & 3 3% 5 i F B i 8% (TEM, &
*Z: Tecnai G2 F20 S-Twin, JE[E) X il % 19 MoS,
YK AT T RAE. it X BT (XRD, RS
Panalytical Empyrean, fif >%) XJAE i 1 i IR 4544
HEAT T, XRD W38 A Sk A R (K R
1.54060 A), F4 1 B2 L Ry 5°—80°, 4 i i
} 10°/min. i FH AR HL AR 2T SR SE AL (FTIR,
#45: 32 Thermo Fisher Scientific Nicolet iS20)
XIRE AT T WG, A ATR A,

2.5

WG 400—4000 em . SR A HLINAY (Y
71 Agilent 4294 A) i PAN/MoS, & & £F 45
FR A FELE BRI R BRE, DU UAB 35 R 1 kHz—
1 MHz. ffi &L RS (75 RTI-Multife-
rroic, Radiant Technologies, USA) 33| | PAN/
MoS, & & LR AL- LI [ 2k (P-E). #5@EH
B L HLR IR R GE % PAN/MoS, M2 & 47 4k
ks M BEREA TN, B DL FRATT =2 A A 129,

3 H#ER53h
3.1 SIS

Kl 1(a) FE 1(b) 78 T MoS, 5 MoS, i it
N 0%—5.0% ) PAN/MoS, & 4 40K 25 4 i
i) XRD B LA FTIR EIXFEL. E 1(a) 0TLLE
H, 7E 20 = 14.4°, 33.0°, 39.7°, 50.0°F1 57.8°4b H1
PR A4 AT S 0 3 1R MoS, B (002), (100), (103),
(105) 1 (110) AHTEATHHIAE PO, 455755 Al TIAFAE Y.
MoS, £ 20 = 14.4°Kb H B8 A B Y LA 5 14 A7 5
WA X 1 F 2% T B A R E B S, AR 4l A kg O R
(2Dsing = n)), PEH (002) FEEEE A 0.62 nm,
(100) {FHTAIAIEE A 0.27 nm, FEE E RN, B4
) m T S S AT, BTSRRI
SCHIE I MoS, 4 dtEE R EF. 181 1(b) v PAN &
ANIRB 2 ] PAN/MoS, &2 & 44K £F 4 ik XRD
e, MIERTAL 2l PAN 40K LF4ERTE 20 = 17.0°
BRFIIT HE B 9 AR AT SR, X PAN B9 (100) & 1
AT R0 B2 FE AR [ HR BE MoS, Je iz ATI IR
1, HBEE MoS, Fr a3, 14.4°4b B2 Hi AR 5.
ERELH PAN 5 MoS, WIIE 4, HAEBA MoS,
JE AT PAN (A gs .

a b .
(a) (002) (b) | (002) (;) : : PAl\;I/MoSZ 5
2 2 = ! ! PAN/MoSy-4
E i PAN/MoSy-5 s ' ' ;
" " o2 4 ! ! PAN/MoS,-3
4 2 PAN/MoS»-4 E PR A S R
(o] o]
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z z BEERAVA S S S
'z (103) Z PAN/MoS,-2 8 ! ! PAN/MoSy-1
g g - o S B G
= (100) l (105) E PAN/MoS,-1 2 ! ! AN
i oL ~ [Go e o A Bt
PAN
E—— — O —C=N —om,
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B 1 (a) MoS, #J XRD [Ei%; (b) MoS, it &t 0%—5.0% H) PAN/MoS, & & 41K £F 4E I i XRD [ 5 (c) FTIR A

Fig. 1. (a) The XRD pattern of MoS,; (b) the XRD patterns of PAN/MoS, composite nanofiber films with MoS, weight contents
ranging from 0% to 5.0%, as well as (c) the corresponding FTIR spectra.

076801-3


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 74, No. 7 (2025) 076801

&l 1(c) b MoS, Fitdih 0%—5.0% I PAN/
MoS, & A Y9 KL 4E B FTIR K, 78 2243 cm'!
(—C=N #Hfish). 2925 cm' (—CH/—CH,
BEAHRSN) M 1450 em ! (—CH #E—CH, 25
M4z 3h) S PAN o =4 (R AF 6. 1LAM, PAN
PARN BRI 4 52, T 1H 2 IR A G R 3-SR TR 42 .
Z I G HAG A8 (TTTT) 4544, HAE R
3.5 D, XA ML i PR RE = G H B B, R Lk
PVDF (f## %5 25 & 2.3 D) ¥ i . 1250 cm!
1230 cm ! AL AR Bt 43 B T 2 IR il 3108
BEE. ZFIAG & A AR

@ = S1250/(S1230 + S1250), (1)
HH 8930 FT S50 7751 4 1230 cm ! Al 1250 cm !
Ab AL & 1A (1) AT, 24 MoS, 524
A 0% B E) 3.0% i, PAN/MoS, &4
WKL HE R D (E N 50% $-THE) 51.1%. 45 R%
B, N A MoS, 23155 PAN Z FIE M 4 (042 5
DO R T4 2 B 1 2R A B e rl i o M

3.2 FEmoOWN

& 2(a) FE 2(b) JBR T ARL5 8T MoS, 7£
AR AEECT ) SEM KM%, 4550 s, K&
LR MoS, SHutk, HRSHFERUK L, I+ HAF

TR 2 2B 450, 7 2(c) FIE 2(d) R T
S HUR ) MoS, 7 AR A5 %0 T i SEM K,
A TR MoS,, 73U 1) MoS, R /MF 1 pm
HRECH SN, R T 32X MoS, 44K ik
o 0r, I 2(e) TN 2(f) BoR T 43 HUR MoS, 78
ANEFLARAEZCE Y TEM &, ] IWZEE]{E MoS,
1%, FELED)Z MoS, 442K J, 1LAh, ml L& 3
MoS, f7 15 JZ HE B 4546, MoS, 1Y 2 i & 8]
FER 0.27 nm (9 (100) &b A& 7 H 418 27, SEM 5
TEM 4538 % M, /U5 1 MoS, HAG £ /24544
H RS JZ2500 S/,

H & 3(a)—(f) 7l A1, PAN 5 PAN/MoS, &
B YR Y AR A 5] AR EDEH, HA B
B P, IR T PAN/MoS, B A 9K 4 41y
B A ], R LR EARST RR , BE
% MoS, WIE RN, PAN/MoS, &KL 4k
BEARZHIEIN, BEE MoS, it % & M 0% 1 hin |
1.0%, 2.0%, 3.0%, 4.0%, 5.0%, B &KL 4E1F-
PIEARH 0.2 pm ZH i3] 0.227 um, 0.272 pm,
0.292 pm, 0.298 pm, 0.342 pm.

MoS, JFis &k 1.0% ) PAN/MoS, B &4
KEFHERER) EDS WAL R UNE 4 FiE 5 s, & 4
W TR R BT RIEE S
OYARIEOL. SRR, B A AL E A AR e

0.27 nm

5 nm

20 nm

Bl 2 (a) YOk MoS, 19 SEM &l (b) [ (a) L1 AHE I 7R X IYK A (c) 438U MoS, 1 SEM &l ; (d) Bl (c) 21 (4 ff /R X 31
TR (e) 20 B MoS, (9 TEM [E; (f) & (e) £L(AHE /R X i HR-TEM &

Fig. 2. (a) SEM image of bulk MoS,; (b) magnified view of the region indicated by the red square in panel (a); (c) SEM image of

dispersed MoS,; (d) magnified view of the region indicated by the red square in panel (c); (¢) TEM image of dispersed MoS,;

(f) HR-TEM image of the region indicated by the red square in panel (e).
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Counts
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2287 150 33/ 56
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Dia ’éter/(l(ﬁ)*(lﬁm
7 |

2 A
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3033

Diameter /(10 2.\}1111)

-

Bl 3 K[A MoS, &Y PAN/MoS, E AU KL 4N SEM FIfR  (a) 4l PAN; (b) PAN/MoSy-1; (c) PAN/MoS,-2; (d) PAN/MoS,-3;

(e) PAN/MoS,-4; (f) PAN/MoS,-5

Fig. 3. SEM images of PAN/MoS, composite nanofiber films with different contents of MoSy: (a) Pure PAN; (b) PAN/MoS,-1;
(c) PAN/MoS,-2; (d) PAN/MoS,-3; (e) PAN/MoS,-4; (f) PAN/MoS,-5.

N-Kul 2

1 11111»7

1 pim

B 4 PAN/MoS, & & 44 K1 4E 5 EDS 34 &
Fig. 4. EDS scan of PAN/MoS, composite nanofiber film.

YIfEFE, 31 H MoS, #£ PAN/MoS, & & £F 4 43
B 4], | 5 JBR T EDS 434, Al LIWLgEF]
HICE M E RN, TR MAITE N PAN 471
LR R oy, W ME I i, AR C R BT i
FeAR 1.0%, PN TC R I IE(E RN, Bt R RR
THICE G HAEDB, 7T LIE 5] MoS, i i i tb A
0.87%.

{idid SEM 5 EDS R MER N MoS, 7£ PAN
TS, I, X PAN 40K £74E L K MoS,
b BN 3% 9 PAN/MoS, & & 40 K £F 4 #E 17
TEM FAE. Kl 25 45 (R £ 4 i & 745 =L
TE 450 C MU T iRMk 8 h, Z S Fafba 4

R B oK LB IR 1 h, e FE o il
ARV T E e U J2 A% L I e L AR A ik

T/keV

5 PAN/MoS, & &KL e Y EDS 43 #r141
Fig. 5. EDS analysis of PAN/MoS, composite nanofiber film.
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R A $R78 & . TEM XS5 A A 6 fis, 5 6(a)
FIE 6(d) A4l PAN f TEM &, n] LAEL 2 £F 4
FMOEW, B, H 450 C &R AL B I A ik
2 PAN 44509850, Hakfb )5 # PAN o e
TIZERE. 18] 6(b) FIE 6(c) 4 PAN/MoS, E&45%
2 4Ef) TEM &, mTROEERI A MoS, J&, 41k
AN S R IEA R IR MoS, 775, &l 6(e) il
K 6(f) /R T PAN/MoS, & & 44K £ 4 () HR-
TEM &, AT LIWLEE S35 M7 Y A 25280, [l 6(e)
i AT () B4 0.27 nm, XF B F MoS, 1 (100) &%
T, X—2E R 5 2(f) th MoS, Ay TEM {4k
R—5; B 6(f) v db m E D 0.62 nm, X R T
MoS, 1) (002) A% ZR I P71, 515 1(a) H XRD il
REER—2; Hild 5E 6(d) XA, PAN 5
MoS, 1)z fish S 11 2 [8] TG BA &[] B . TEM 45
LW, MoS, FEHIFAAE T PAN/MoS, & &4k
L1 AE N FRFN R T

3.3 PAN/MoS, & & 40K FHEPR % H 1% 6e
o

B8 AR MoS, i) PAN/MoS, & &4k

L2 4 I L R AR L S AR Ak R g an ] 7

Fin. B MoS, & i i3 i, PAN/MoS, Z & 44

K 2T 2 5 B4 i Pl R 2 B Sl KR TN

o B PR S IS [RIRE A A, 2 MoS, it &
M 1.0% 3 2.0%, 3.0% B, PAN/MoS, &
B YA K £ 2 S 1 T I A o E RN 2,56 V3 T ]
3.56 V, 4.64 V, f F A A 1.61 pA B E|
2.42 pA, 2.69 pA; 54l PAN £F 4 il (1 K29k
1.92 V, HURZH 1.03 pA) kL, PAN/MoS,-3 &
B AR A 2 B A i R R R R IR A R T T 2.4
£ 2.6 455, HULAT LR, BT PAN A5 HAJE
B M, FEFB 2% MoS, B, MoS, 1E b AR, it dEik
TR, DI T PAN 2145 A s e i 1
TE MoS, it i % /M 3.0% 34 2] 4.0% 1 5.0%
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Fig. 6. (a) TEM image of pure PAN; (b), (¢) TEM images of PAN/MoS, composite nanofibers; (d) HR-TEM image of the region
indicated by the red square in panel (a); (¢) HR-TEM image of the region indicated by the red square in panel (b); (f) HR-TEM

image of the region indicated by the red square in panel (c).
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Fig. 7. Output performance of the PAN/MoS, composite nanofiber film with different weight content of MoS, 1.0%, 2.0%, 3.0%,

4.0%, 5.0% and pure PAN nanofiber film: (a) Open-circuit voltage; (c) short-circuit current; (b), (d) diagram of the maximum value

of voltage and current.

M HBHA 10 MQ B, PAN/MoS,-3 & & 44K
2T 2 AL B A 1 R R R 5.88 V), i TR GA
) i KAEH 3.46 WW, X & BIAL IR 28 N BH 29
10 MQ. N T #E—565F PAN/MoS, & & 48 K47
Y FE A RS 1) P J 1 TS PR R BRSO 5 L, A S
XF PAN/MoSy-3 & A AR LT e AL a8 647 T 1E
[ P12 1) 3% 42003, 1F S 32 45 SR an &l 8(b) B
7. SR L B O ) 3 PAN/MoS,-3 B4
YKL 2 AL SRAR I, IE M LR R 8.5V, I L
JER 4.56 V., 8 5 1] 3% 2R AT DL 2% B 4% Bs 1)
it AE 5 5 OE ) R A AR S R ). SRR
B, R 2t TR PAN /MoS,-3 5 S48k 27 4
F AT A I AR SR 7 T 7= AR 1), SR BT R LAk
IO T AR EE R LS L Y B4, 18] 8(c) i PAN/MoS,-3
32 AR 2 2 AL JER A A 1 F s B it 2 A8 4k
B, P IR 00 it P P BRGNS T 1 3 Jn i
Hom, FEAAR A 10 Hz BFRENA 718 2, 3, 4, 5 1
6 N B, fZRA R 5k 2, 3.4, 5.9, 87V
HmE| 10.3 V.OREJ S i RS, PGSR

WE 8(d) Irzm, T A A R GG 0 e ) S 2k
KR, £ PAN/MoS,-3 & A 4K 41 4 JRAL R 2%
XA BRI LARVE AL s Ho i R St
TNAR I3 40E R 2 P A 32 7T LIS 31 4% et 1) 72 B
&, PAN/MoSy-3 & & 9K LT YE AL i 1) R U
}2.20 V/N.

3.4 PAN/MoS, E&WAKFHZEB 4RE
o

J T 58T PAN/MoS, & A 9K EF HE i) i 2%
PERE, &1 9 s o4l PAN R 7% AR IR) 5 & MoS, Y
PAN /MoS, & A 4K 2T 4E 54 v 1 o A A Ak
PERE. 18] 9(a) W78 T 4l PAN Fil PAN/MoS, & &
0 K £F Y AR 2R T 19 FE B0RE AR ARk
(100 Hz—1 MHz). H[& 9(a) A%, 1) £ Kbt
A2 1) 1 I U0, X R B4 0 B T Maxwell-
Wagner-Sillars i A0 7™ A 1 e ST AL, F230
T T AR5 a7 A R TR B 2) FE 1 kHz A5
T PAN/MoS, & A 4K LT 4 A H 5 BOm i

076801-7


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y B ¥ R Acta Phys. Sin.

Vol. 74, No. 7 (2025) 076801

7.5
(@) {35
6.0 |
13.0
>
oy
% 4.5
= 2.5
o
=
3.0
12.0
1.5
. . . . . 1.5
3 6 9 12 15
Load resistance/MQ
>
<
o
o0
]
=
o
>

6 10

4
Time/s

8

Power/pW

(b) ‘

Voltage/V

10 +

Voltage/V

y=2.198x—2.74
R?=0.98882

Force/N

(a) ARSI A PAN/MoS,-3 BT i i AR IR D3R (b) IE il MU i 1% H¢ ' PAN/MoS,-3 B IT#& LI 5 (c) AN IR

HUB I VE T PAN/MoS,-3 B % LT ; (d) PAN/MoSy-3 F it A s {20 R in B4 HLAR 7 814 it 28 14

Fig. 8. (a) Open-circuit voltage and instantaneous power of PAN/MoS,-3 with different external load resistors; (b) open-circuit

voltage of PAN/MoS,-3 in forward and reverse connections; (c) output voltage of PAN/MoS,-3 under different applied mechanical

forces; (d) plot of output voltage values of PAN/MoS,-3 and applied mechanical forces fitting curve.
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Fig. 9. Ferroelectric properties of the PAN/MoS, composite nanofiber films: (a) Variation of dielectric constant with frequency;

(b) polarization—electric field hysteresis loops (P-E); (c) variation of dielectric constant (e, at 10° Hz) and remnant polarization with

increasing MoS, content at room temperature; (d) piezoelectric coefficient (ds3).

F 1 R[E MoS, Fifit &t PAN/MoS, 5 & 4K 4T 4 M5AL B s 27 Mg

Table 1.

Electrical properties of PAN/MoS, composite nanofiber film sensor with different MoS, weight contents.

MoS, weight content/% Voltage/V Current/pA e.(at 10° Hz) P./(pC-cm2) ds3/(pC-N'1)
0 1.92 1.03 1.19 0.56 1.25
1 2.36 1.61 1.50 0.97 2.58
2 3.56 2.42 2.05 1.20 4.36
3 4.64 2.69 2.46 1.39 6.08
4 4.02 2.34 2.32 1.36 5.59
5 2.80 2.07 1.62 1.14 3.28
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Fig. 10. (a) Charging curve of a capacitor charged by the PAN/MoS,-3. Inset left: schematic illustration of a bridge rectifier circuit
containing the capacitor. Inset right: Optical photograph of a LED lighted by the charged capacitor; (b) schematic diagram of
PAN/MoS,-3 as a sensor applied to bicycles; (¢) PAN/MoS,-3 output voltage variation over time as the knee is flexed; (d) voltage
output diagram of PAN/MoS,-3 under various loads during forward wheel movement; (e) voltage output diagram of PAN/MoS,-3

at different speeds during forward wheel movement.
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Fig. 11. Schematic diagram of the working principle of PAN/MoS, composite nanofiber film sensor.
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Fig. 12. Output performance of PAN/MoS,-3 for pressing-

releasing 10000 cycles.
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Piezoelectric sensing properties of PAN/MoS,
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Abstract

Flexible piezoelectric materials can convert mechanical energy into electrical energy to power micro/nano
electronic devices. In recent years, research into piezoelectric technologies has revealed that molybdenum
disulfide (MoS,) can improve the piezoelectric properties of composite materials. In this research the fabrication
of a PAN/MoS, flexible composite nanofiber film piezoelectric sensor via electrospinning is presented. The
influence of MoS, nanosheet content on the piezoelectric performance of the PAN/MoS, composite nanofiber

films is systematically investigated, and the morphology and structure of the composite nanofiber films are

o

Mixture solution
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characterized. The results show that MoS, is uniformly distributed in the composite nanofiber films, and the
zigzag conformation of the PAN molecular is enhanced by adding MoS,. As the MoS, doping content increases,
the performance of the PAN/MoS, composite nanofiber film sensor shows a first-increasing-and-then-decreasing
trend, and ultimately reaching a maximum value when the MoS, weight content is 3.0%. When the MoS,
doping content increases from 0% to 3.0%, the open-circuit output voltage of the PAN/MoS, composite
nanofiber film sensor increases from 1.92 V to 4.64 V, and the short-circuit output current increases from
1.03 pA to 2.69 pA. At 3.0% MoS, doping, the maximum output power of the PAN/MoS, composite nanofiber
film sensor reaches 3.46 pW, with an internal resistance of approximately 10 MQ. The output voltage of the
composite nanofiber film sensor increases with the applied external force increasing. At a frequency of 10 Hz,
when external forces of 2 N, 3 N, 4 N, 5 N, and 6 N are applied, the sensor output voltages are 2 V, 3.4 V,
5.9V, 8.7V, and 10.3 V, respectively. Compared with pure PAN film, the PAN/MoS, composite nanofiber film
has a piezoelectric constant dy3 increases by 4.86 times. The PAN/MoS, composite nanofiber film sensor can
efficiently charge commercial capacitors, and the discharging of capacitors can successfully power a green LED.
Additionally, it can monitor in real-time, under passive conditions, the bending state of the knee and the
forward movement of the bicycle wheel during cycling. After 10000 impact cycles, the PAN/MoS, composite
nanofiber film sensor shows stable voltage output with no obvious fluctuations, demonstrating excellent
stability. All in all, the PAN/MoS, flexible composite nanofiber film sensor exhibits outstanding flexibility, low
cost, and self-powered capabilities, showing promising potential for applications in wearable/portable

electronics, smart devices, and intelligent robotics.
Keywords: PAN, MoS,, flexible nanofiber film, piezoelectric sensor
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Piezoelectric sensing properties of PAN/MoS, flexible composite nanofiber film
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