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Preparation and performance of sensors based on electrospun PVDF fiber film
CHEN Changhua'*,ZHOU Jianping', XU Yan',LI Zhilei'
(1. Xinjiang University College of Intelligent Manufacturing Modern Industry,, Urumqi 830000, China;
2. Xinjiang Intelligent Equipment Research Institute, Aksu 843000, China)

Abstract : Polyvinylidene fluoride (PVDF) fiber membranes were widely utilized in medical and environmental applications
due to their unique pore structure, specific surface area, and stable performance. The bending characteristic of these membranes
make them promising candidates for use as flexible electronic substrates. By utilizing PVDF fiber membrane as the supporting
substrate for circuits, and combining a three-electrode system, a flexible electrochemical sensor was fabricated. The flexible fiber
membrane substrate was prepared using electrostatic spinning technology. A flexible screen-printed electrode sensor was constructed
by transferring a three-electrode pattern onto the substrate through a screen-printing process, with the working electrode modified
using gold nanoparticles (AuNPs) to enhance its sensing performance. Micro-morphological characterization of the fiber membrane
and electrodes reveal that at a concentration of 10% for the PVDF electrospinning solution, the fiber diameter distribution of the
fiber membrane is 231.9 nm, and it exhibits excellent hydrophobicity and stretchability. Additionally, the rough surface of the
membrane contribute to an effective printing outcome for the electrode. The modified sensing performance of the prepared sensors
was analyzed using an electrochemical workstation. It was observed that the electrochemical response of the sensors significantly
improved following modification with AuNPs, without any interference from other substances. The sensors demonstrate good stabili-
ty and could be modified directionally. The working electrode was loaded with acetylcholinesterase, and acetylcholine was used as
the detection substrate, revealing that the modified sensor exhibite a robust current response even at concentrations as low as 0.5
mM. Furthermore, the described sensors are applicable for the detection of other substances, and PVDF fiber membranes produced
through electrostatic spinning present a promising new application as substrates for flexible electronic devices.

Keywords : polyvinylidene fluoride ; screen printing ; electrospinning ; flexible substrate ; electrochemical sensor

EEUIH : Pl H /R AR X R ILEA - BHEBIHN U A AT H (2022TSYCLI0044), 4EH/R F A DX & BRI H (XTEDU2024P030)

BIEMEE A - B WA/ A S0, 5T 1) AL — Ak A A IR

WeFs B HA: 2024-09-06

SImEs: PRBAR, Y, Vi, 45 102 PVDF R4 B SEIR AL il 6 S A REL]. T ARSI T, 2024, 52(11):57-63.
CHEN Changhua, ZHOU lJianping, XU Yan, et al. Preparation and performance of sensors based on electrospun PVDF fiber film[J]. Engi-
neering Plastics Application,2024,52(11):57-63.



58 AR

2024 4F 45 52 4405 11 14

AR, B BHE R A BT RE Y 32
PEH PSS T T2 BB, B B KT
WU, etk i A HAA AR NI EE , BT 4T 1l
WA N2 s VRS 90 10 R 0] 3 18, X — 4k J2:
LG e £ T AN LA 1, H 45 R B AL AIG
W B B 232 15 4 L G 0 ) T 45 A 40
Horp ] i T IR AR TR T RSP HRAE L
() TE , PN AT 2R3 L T 8 e S A e i f Hh 2
B L O RSB REME DRI A 0 Y A
JA AT o B A R A R PR SR S SR
PEZ AR 2 AT . ZE M AR B 15 AR Y 7R 38
A, HoRp Pk 22— J2 e 5 R0 X 4 1 R T AH G 6 3K
PEAF A PG S5 00 B A AT S8 | REAS R s R X
HLF IR AR ST AR b . [RIR, Z2 M4 ik .
A BRI o SRR e P | RS i IR A
ZeIASE TARE R RS R RE . H AT AT 2R L T
R B A B IR E B R B S R RS
YRUOLE e I G AR ELAT — i B PP S E 1 A
2% 18] PR R B R AR A2 1 1 L 2 XY i 2
WG IRAR 1 R Z N MR, SR E AT TR
FEANKLN PR A il i 2R L, B R REDOE
HUI Z 2 50 L% | T Bk B e T AN S

RIW W 2 (PVDF) & —FPERRIE R R &
Y1, s TR ) (2 P L 2 W), FEA T 454
& N—CH,CF,—. PVDF B.A o fyfk2fdaE bk
PFG M LA B R e v AN R —F P R Y
REYIER R, 72 BT K3 AR
b 2 DA S A G B A 2 A R B
(1) 2 Jo ol LA 2 2 45 0 S22 U R 1 1) 28 4 B IS AE ]
TR A RN SO TR, SRR R
T HELF YRR 1B AR Ok R AR B R A T R
BATRE T B T L T 2 AT S B2 M v 2R e T
B0 DR R LATURL BRI DR 5
T2 Kk 26 S i A R E B AR LI e i .
Zhu ZEURBE RN K4S (CNTs) T 8894 A BN 449 K 45 |7
HIFHAGRERYORETIT R T R TERER A LA
#rf o Lan 557K FH i B 5 R FE TR AR SS 6 (10 4L
A WG AIIR N A 2T 2 S i rh f e 7 —
GG L AL 22 W B R AR S — P W
14 FL R A A, FH 45 i e 125 14 R0 A et v 1)
VEH . IZFE AR 2 W ENR] T2, e 5L 2 i 1
AR G, T R R R B A AR A R B T 3k

ﬁﬂ[lS]o

¥rr 2 22 21 45 PVDF 2R 4E Iy —Fh i oo A
B TR K PVDF £ 4 JEAE by i % (R AR R LU
FEFRARE M S BT, L AR S LA S G 3 1
P ZEH R ERRL L 22 W ED R T 0256 6905
WA T — R = H AR IR A o 38 AT 22 I B Al
B A R R A R O 22 A R R
LR YRR | R T — P 22 X B R R A
HHA — 5 (AR IR BE , I8 2 OUIE 55 53 B AN [
FEL 2 VR0 TS 4 4 0 % R P BB 5 ) o R
& KUK (AuNPs) X T AE B AR A T e — 24
B RERE . LA Z BB (ATCL A VT, K 2
Pk AH AR 6 i (AchE) S 28 T TAE sl b, dE ad s fkef
T ARG FRAE BT AL IR A I R P AU AS I H AR i
TR ], 55 UF L 2 22 A 22 B T2 (A bR
VB AT Ry 2 1 o A% Bk & I T 2 g P 4 ik —
R
1 LWES
1.1 EZRAMA

PVDF 43 F i 130 000, F¥ERTHL T A= R4 1t
A BRI 5

N, N-_H ZL B i e (DMF) « 45 J& >99%, |- it fi]
PL T YR A AT IR AT

SN  BIIAE B TR A PR A ] 5

Ag/AgCL TG FRHEA TR A ;

AchE: FIgAE TAY TR A BR AT ;

ATCIL: A TAY) TR AT PR

AL (HAuCL): LigA TAY TR AR
NGIF

BEIRELZZ 0PI (PBS): igAE TAEY) TR AL A
FRAF]
1.2 BBAEKE

#2522 8L : IDFOS , K VDU ES BHE A PR A
GF

BB RE S EE  MS-280-H, 0N 7 2E AL #S R
NGIF

B KV HZ-124/35, i M A8 G R 2= AU A AT PR
NCIE

1 B IH A 60 2T AN G 1% (FTIR) Y : ALPHA 11, 1
ER IR/

FE AR Y : JJ2000B2 , H [ Powerach /A F] 5

kS 4 - B U5 (FESEM) : JEM-F200,



Wik B, 25 L2 PVDF £PAE BN SRR i 1 i il a4 S PEfE 59

H A ikttt

14k 2% TR 3k : DH7000C , 1175 45 4 43 A A
ABRAFL

LA : 101-2AB, Kt R ET R AR A FR A A .
1.3 RXAEH &
1.3.1 PVDF 4 4 4 %

LI PVDF R it \DMF A9 511 i B 4 0 8%,
9%, 10%, 11%, 12% [ L2 ATIRIE , ZERE it pids
FREENEFE 10 h, JF#F T BR M IRy 60 °C. i
FL 2R B S S SIS RRARIE 15 om, 13k
JER 1S KV, {EGARAEE R | mL/h, WSR3 R
900 r/min, & FH] 19 525 0o Wt 3k | WSk B 10 TR 7E
HL 35 D1 AR TR S T T 2T 4, £ 2 [ 4k
eI RS I, 155 PVDF 414k i
132 ZmRERES &

W4 1 2% (1) PVDF 21 4 3L JiC [ a2 1748 - 1, 7%
200 H (74 pom) (4 X A — O S0P P 22 20 19 L i
$, R T B SR = AR AR R R
PVDF £F 4 5L 1,60 °C F 4% 1 h, fifi | Ag/AgCl
HRREES B 60 °CF T4 1 h, i FH 1
KA LN (PVC) 4t 2 ety Xl e A DX 3, ol 25 15 2]
SRS . AR T A R A 1 TR

Screen print

Power

S

[

lFlexible mat

Collection La
&,
Sensor
B (R R
Fig. 1 Schematic representation of sensor
1.4 ¢iX5 R4

(1) OIS 27 < 38 1 FESEM X A Rl iR T
() PVDF £F- 4 PR 1 5 O TE S8, oA 3 1 ik
WLEEHRE) , A5 E LR S KV, B4 I 2 min.

(2) -4k FLARFRAE 2K FH Tmage T 43 A7 85140
4k A%, 76 SEM B 5 L B HILPk 2 50 A2 2 I
HEHARNF T BRI

(3) s AA Ik BBy RSP K/ A 1 emx 5 em?
AR B PVDF £F- 2 5, H 748 1 s 1 3 3
b A P e DU S8 3 3 A VAR A B ] — 7K
Sk ERROEE ST B T S wL A7K 3T B fh S
PR R, THR RS A B2 Al RN . BRI L A R

IR BCHRE R

(4) FTIR 4347 : i 3 FTIR X %) PVDF ] 4 [t 3
TTLLAM TR 3BT , DT 4 I K 2% 11 19 B R
b2 E AR . B LD AMAR B 64 YK, H1HH I
B R 400~4 000 em !, 43 HER K 4 em ',

(5) HLALZARAL SR FH L Ak TAE s B il 45 1)
1B IR LA A T R HEA T o AR A 2 T
B A B AE PBS (pH=7.4)7 7 N 7E 47 7 Ab BEL(FE 25
R ZEEAHE 10 8, B0 -0.6~0.8 'V, 148 3 & 80
mV/s), WG M. 7E AL R A T (S mM([Fe
(CN),J")+0.1 M KCOH R HE MR 223434 S Bl (R
{37 -0.6~0.8 V; 714 33 & 80 mv/s), 43 B & EVEBE .
L ATCI ARG EE ) , 2R FH I R] - FR 3 3 (i) RS0 4 K
kT ATC AL IR RE
2 #RE5ITR
2.1 PVDF 444 # 5 M5 7

(& 2 AN [A] B 25 iR vk T PVDF £ 4 il
WK S, 2a Ky 8% He B I 4T 4 R IE S0, i 18] 2a 7]
U, 2 A 8 R R e A G VF 2 B 450, X & iR 7
PVDF &/ iR R, i g it # , PVDF
SR EAE R 8N, SR AT E |, 24k
Gy WiBd, WP AR AR R AN e 4 TP A R RIS

T

(e) 12%
2 K[ EEH PVDF 44k SEM & |
Fig. 2 SEM images of PVDF fiber with different concentration



60 AR

2024 4F 45 52 4405 11 14

2b Sk HL 7 T SRR R A 9% HEF ETE 43, £ IR 2D
Al UL, BRIE I BR BR S5 K9 A8 B T RIE 4544 , th I T
W 0 S I A5 43— [0V FH i, &F 2 5 3 1
I, AT RS e MR /D T AR TS . 24
25 FT SRV R 10% BsF, G 2¢ s, oW 36
ETUE S0 AT T T, S B B A8 A i FLBR 2548 LG 2R
T4 B0 52 04 7= A, 1% ¥R B2 I (A /8] 2d iz ) He&F
HEIE S5 10% W T JCI Sk 22 3], £F 4k A ¥ 5]
TeHAMZER 7 A2 o 7 10%, 11% S T i i 2 Al
HL3 TR 3] T — A AR ERR A 5 515 BliE S fa
FEMIEFYE . L IR IR B R 12% B, 4n &l 2 Ir
N, AR A R T RS IS, 2 TR T
P TR S, SRR RO & IR R TR
TR, BEET L3 ) e PR R S Vs R ik T )
BRI ICTE I Lk S5 47 4

BE— AR R PVDF 274k IR A 21 4 1
B(DY/ A, INE 3 Fios . B 3a hy FL TR RIR MR B
8% ], 437 [B) 5 B A, Pl B v £F 4 id R [ 4k
WY, (A 2F 2 EAR AN . 1K 3b Ry 9% e FERT, iy
FH W F R P VR v, R AR AR R, i+
FEL ) ) 2Z (A AR B , (AR 25 4 B4R oA

161 D=122.34 +34.47 nm 10 D=168.3+44.08 nm
14 g
12+ - [
5 107 Se6f
S 8 S
6F 4r
4 ,
M 2
il 0 . , .
0" 50 100 150 200 250 300 50 100150200250300350
Diameter/nm Diameter/nm
(a) 8% (b) 9%
25 D=231.9+55.73 nm 18} D=287.38+65.67 nm
;
15 = 12
O 10¢ O 2
5t 4
2
0 0

100 200 300 400 500
Diameter/nm

(c) 10%

100 200 300 400 500
Diameter/nm

(d) 11%

14r D=227.94+63.84 nm
12
10

8

Count

SN B~

100 200 300 400
Diameter/nm

(e) 12%
#3  R[RIVE LR PVDF 245 AR SR
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