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Preparation and application of gas-strain dual-mode
flexible strain sensor

ZHOU Zhijuan',ZHANG Chenchao', XU Huihui', YUAN Xiaohong®, WANG Qingging"

(1 Key Laboratory of Eco-Textiles Ministry of Education, Jiangnan University, Wuxi 214122, Jiangsu, China;
2 College of Clothing and Art Engineering , Minjiang University , Fuzhou 350108, China)

Abstract: This study presents a novel dual-modal flexible sensor that employs an optical-electrical signal
decoupling strategy to achieve strain and gas detection, thereby overcoming the limitations of conventional
single-modal flexible sensors. The device is constructed using a wrapped-yarn structure, in which
polystyrene-butadiene-styrene  (SBS) conductive fibers modified with dopamine hydrochloride and
polypyrrole  (SBS/PDA/PPy) function as the core strain-sensing component, wrapped with
tetraphenylethylene-doped thermoplastic polyurethane (TPE-TPU) fibers serve as the gas-responsive
component. Experimental results demonstrate that, for gas sensing, the sensor achieves a low detection
limit of 59.4 mL/m® for tetrahydrofuran (THF ), along with a fluorescence quenching efficiency of 78.3%
and excellent reversibility and stability. For strain sensing, the device exhibits a broad detection range of
0%-60%, a high gauge factor of 30.455, a rapid response time of 167 ms, and remarkable cycling
durability exceeding 1000 cycles. Wearable tests further validate its reliable performance in monitoring
human joint motion and respiratory activity. Overall, this work provides a robust strategy for developing
multifunctional flexible sensors and demonstrates significant potential for applications in human
behavior monitoring and early warning of volatile organic compound gas concentrations in high-risk
environments.
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(a)cross-sections of SBS fiber; (b)cross-sections of TPU fiber; (¢)surface morphology and local magnification image of SBS fiber; (d )surface

morphology and local magnification image of SBS/PDA/PPy y, fiber; (e)surface morphology and local magnification image of SBS/PDA/PPy 4, fiber
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Fig.5 VOCs gas response performance test of TPU/SBS sensor

(a)fluorescence quenching effect under various VOCs gas atmospheres ; (b)variation of fluorescence intensity with wavelength for different time of

exposure in a closed container of THF gas; (¢)variation of fluorescence intensity at 450 nm with exposure time; (d)cyclic test of fluorescence burst and

fluorescence recovery in THF gas environment and air environment; (e){luorescence spectra of the yarns exposed to different concentrations of

fluorescence spectra of THF gas; (f)standard curve of THF gas with 450 nm fluorescence intensity
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Fig.7 Sensing performance test of TPU/SBS wrapped yarn strain sensor
(a)diagram of the relationship between relative resistance and strain; (b)relative resistance change under different tensile strain conditions;; (¢)relative
resistance change under different drawing frequencies; (d)response time under 1% strain; (e)1000-cycles tensile test of strain sensor under 35% strain
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Fig.8 TPU/SBS strain sensors for joint monitoring

(a)finger movement test; (b)wrist movement test; (c¢)elbow movement test; (d)knee movement test
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Fig.9 TPU/SBS strain sensors monitor deep and shallow breathing
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Fig.10 Strain sensing behavior in atmospheres with different concentrations of THF and toluene

(a)relative resistance change under various THF gas atmospheres ; (b)relative resistance change under various toluene gas atmospheres
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Table 1  Performance comparison of the fabricated sensor with the previously reported sensors
. . Gas response Lt ?f . o Cycle
Material Selective gas detection/ Stretchability Sensitivity . Ref.
form . (strain)
(mL-m™)

BYs@PDA@PPy braided yarn 0%-105% 51.2 400 [36]
(0%6-40%) (10%)

PPy@GO-PAN nanofiber yarn 0%-500% 34.63 10000 [37]
(38024-500%)  (500%4)

CNF/PPy composite 0.1%-25% 9 2000 [38]

membrane (5%-20%) (25%)

MXene/PPy/HEC composite 0%-94% 357.5 1300 [39]
(12%6-94%)

TPU@CNT@PPy coaxial fiber 0.1%-50% 12 500 [40]
(0.1%) (50%)

PPy/PV A conductive ink- M1:0%-200%; M1:3.8; 2000 [41]

treated twisted textiles M2:0%-125%; M2:5.9; (50%)

M3:0%6-65% M3:38.9

Au/VTe:/T1:Co T, nanosheets/ NO Resistance 5 0%-80% 5769.9 200 [42]

PU yarn Change (60%6-80%) (10%)

Ti;C.T./Ag-S/TiO: NH;s Resistance 5 0%-60% 378.6 200 [43]

nanocomposite/ TPU mat Change (40%-60%) (35%)

PU yarn with Ti;C.T./CeO,/  NH; Resistance 5 0%-60% 385.285 200 [44]

TiO: nanocomposites Change (40%6-60%) (20%)

Au/MXene/PU yarn NH; Resistance 5 0%-80% 532485.3 300 [45]

change (60%-80%) (20%)

MWCNTs/rGO/PDA core-  Acetone vapor Resistance 0%-300% 10000 [46]

spun yarn change (10%)

(TPE-TPU)/(SBS/PDA/ THF vapor Fluorescence ~ 59.4 0%-60% 30.455 1000 This

PPy) wrap yarn intensity (20%-32%) (35%) work
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