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Abstract: To address the issues of low sensitivity, complex fabrication processes, and difficulties
in accurately detecting dynamic physiological signals in flexible sensors, a synergistic modification
strategy using cellulose nanofibers (CNF) and zinc oxide (ZnO) is adopted. By employing an
ultrasonic-assisted dispersion combined with magnetic stirring process, the distribution of
nanofillers was optimized. A polyvinylidene fluoride (PVDF)-based composite piezoelectric film
with a thickness of 0. 1 mm was fabricated via the solvent evaporation method, and a polyimide
(PI) tape-based flexible encapsulation process was developed to construct a wearable sensor
device. Experiments show that the sensor exhibits a linear response within the pressure range of
0—700 Pa, with a goodness-of-fit R* of 0.983. The voltage sensitivity reaches 1. 167 6 V/kPa,
representing a 30. 6% improvement compared to PVDF f{lexible sensors. The response/recovery
time is 13, 204 ms, and the sensor successfully achieves high-fidelity capture of multi-frequency

physiological signals such as human wrist and elbow movements, carotid artery pulsations, and
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nasal airflow vibrations. The study confirms that the synergistic enhancement mechanism of

CNF/ZnO significantly improves the piezoelectric performance of PVDF, providing a new

material solution for wearable physiological signal monitoring.

Keywords: Polyvinylidene fluoride; cellulose nanofiber; zinc oxide; flexible pressure sensor;

physiological signal monitoring
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Fig. 1 Schematic diagram of sensor’s preparation process
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Fig. 2 Overall size and packaging of the sensor
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Fig. 3 Images from scanning electron microscopy experiments

M 3() A LLE H, ZnO 44K ki /4 PVDE 3t
K rh 4345 %141, PVDF/CNF/ZnO & & 3 i % m -
O3 2 AN T T 2548 K A R ZnO 0K CGF- Y5 kE
2R 2.89 pm) , e [FAY I T H A T L 3R 1 AR
HAEM . BT ZnO 90K ORI A% AE A& T
AL B I T B () s 38 3 VA% 5 BEL g 1% 3 KA g
TR U 4 1 A R R O R R A B B 3 2L £F




%5 31

XUV 45 - 5 Al W £ 0 2 V1 vl oA Sl ) B0 o) -5 1 JH 0 5 167

e P2 ZE L) AT HE AR 24 0. 31 pm, 1 3C SN 2% 45 44
AT A K 4 R I A fd v L s 2 g g 4
e, DT ) E i S . e R T A
[ RUH 1 ZnO A 2 50K 9T 7= A= 114) 2 T R £ RBP4 A
HAEM, 55 PVDF 2 74 o #0 CIER D 1 8 4
CrRAetE ) e 78 o DA T it e S S ) T P M B

i 3 B O B0 (EDS) 43 B7 4 PVDF i i
5 PVDF/CNF/ZnO & £ ¥ B 1Y 70 R 4 i ik 17 %
fE R aE 4 iR, WE 4O UEH BT
BUBEE P 09 24 BT A6 AE FT, AT Zn 5 O JC R AE
PVDF 52 4 3l 3R 18 341 57 430 4 GIE 55 ZnO 44 K it

PVDF/QNF/Zn0
i

R % B Ay #ovE R 47 . el 4 PVDF/CNF/
ZnO BEMAEM TR E RSN R B, Kb C.
O.F.Zn 19520 57 & 53 %053 0 2 41,28 %6 .1, 14 %
54.65%F1 2. 94% , 5 HIS TT 4% 70 K & 4 B (C
K 45.99%., O K 2.83% ., F K 48.04%. Zn N
3.26Y0) MR 2 TE AP iR 2N . B/ 4(b) iR
() PVDF i, F it 43 %0 57. 72 %6 .C it 43
Bl 42.28% , HHIG A (F 43 50N 57. 46 %,
C a5 36.37Y0) M B A B i — 80k
LG AR LW ) PP R 28 ROk BR A s L A
B R A A4 L

25 un 2% jm £ 25 [um

25 ym

(b)PVDF 3 I i 39 i 45 1

4  EDS Wi s s 45

Fig. 4 Experimental results of EDS surface scanning
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Fig. 6 Construction of signal acquisition system
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Table 1 Sensitivity experimental data for PVDF/CNF/ZnO sensor
. W H L /mV . . e o
JEA B %1 Wit % 2 Wt % 3 Wit PRIV R
70 155. 71 160. 90 156. 63 157. 75 0.57
140 185. 62 170. 35 193. 65 183. 21 2.57
210 247.02 216. 46 227.25 230. 24 3.37
280 357.82 357.08 365. 11 360. 00 0. 88
350 387.48 406. 06 391. 69 395.08 2.05
420 510. 76 534. 89 512. 66 519. 44 2. 66
490 571.23 560. 09 568. 18 566. 50 1. 23
560 680. 50 690. 69 700. 79 690. 66 2.23
630 725.55 744.90 739. 31 736.59 2.13
700 898. 71 855. 59 907. 68 887. 33 5.74
%2 PVDF &% RS LB T
Table 2 Experimental data of piezoelectric sensitivity of PVDF sensor
WL /mV . o
e %1 W % 2 Wl it % 5 W L e

70 57.39 62.19 25.09 48. 22 8. 71

140 41. 26 38. 68 39. 88 39.94 0.61

210 66. 48 88.90 93. 67 83.03 6. 38
280 117.16 128. 66 114. 45 120. 09 3.33
350 107. 02 295. 27 270. 46 224. 25 44.19
420 283. 31 259. 40 309. 45 284.05 11.75
490 397.98 400. 45 412.78 403. 74 3. 47
560 428.19 474. 80 457. 34 453. 44 10. 94
630 455.18 450. 53 431.05 445. 59 5.66
700 480. 10 450. 77 467. 27 466. 05 6. 88
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Fig. 7 Comparison chart of pressure and response voltage

fitting curve and sensitivity
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capability detection of sensors

MWK 9 7] LLAE H, PVDF/CNE/ZnO 4 B2 45
6.5 Hz #l 1. 15 Hz W3 A & 3T , et f i 5
FE W HL A 5, R B R4 0 22 e 1 RE L AN X RE
WERR A HE AR 1~2 Hz (1 Bk 85 5, 38 7T 8 52 20 4
R AT 5 T e A A RS sh T e AR B sh 3
EhfES.
3 PVDF/CNF/ZnO ZZ 1k R L& Hh

1 8% 2 1 v

FIEAl PVDE/CNE/ZnO 22k E i X 7 4% 8k
PAE AR TR A A I v ) S PR B L B A R I T
B FAh K T A T AL L AR R I B B 1 B ik ik
P57 i OO EACRE 7 B G T 10 s

Tl

P10 Al I ot I o 7 758 18]

Fig. 10  Schematic diagram of sensor pasting position
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