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Research Progress on Preparation and Application of Flexible Stress/Strain Sensors
Based on Two-Dimensional Tiz;C, MXene

YUAN Wenfeng, WANG Junkai, XIA Qixun, ZHOU Aiguo
(Henan Key Laboratory of Materials on Deep-Earth Engineering, School of Materials Science and Engineering, Henan Polytechnic
University, Jiaozuo 454003, Henan, China)

Abstract: Ti;C, MXene is a novel two-dimensional carbide with an accordion-like lamellar structure. The flakes of Ti;C, MXene can
slide or stack under tension or compression, which can change the number and length of internal conductive paths and directly affect
the output electrical signals. Thus, Ti;C, MXene can be used as sensing materials to measure the change of stress/strain. Combined
with the elastic substrates, this material is used to make flexible sensors to monitor the motions and health signals of human-beings.
This paper described the working principle of flexible stress/strain sensors made by Ti;C, MXene composites. Recent methods to
prepare the sensors were reviewed, i.e., electrospinning, filtration/coating, impregnation, screen printing, freeze drying, and freeze
thawing. The key factors of the methods, i.e., flexible substrate, sensing parameters, sensor structure, detection limit, cycle times,
sensing rage, responsive time and gauge factor, were represented. Some applications of the MXene-based sensors were discussed.
Finally, the promising development of Ti;C, MXene flexible sensors was outlooked and the problems to be solved were summarized.
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Fig. 1 Microstructure change of MXene/ elastic material under tension
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Fig. 2 Schematic of preparation MXene/PU sensors by electrospinning
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Table 1 Preparing method, elasticity substrate, measured paremeter, detection limit, cycle time, sensing range, responsive
time, and gauge factor of common sensor

Preparation methods ~ Elasticity substrate ~ Measured parameter ~ Detection limit ~ Cycle time Sensing range  Responsive time/ms GF  Ref.
Electrospinning PVDF-TrFE Pressure 1.5Pa 10 000 1.5~300.0 kPa 38 26
PU mat Strain 0.1% 3200 0.1~150.0% 228 38

Filtration PI film Piezoresistive 351 Pa 4000 0.19~2.13% 125 180.1 39
PDMS Strain 0.025% 5000 0.025~53.000% 30 178.4 29

Impregnation Sponge/CS/PU Piezoresistive 9 Pa 10 000 10~85% 19 3.0 31
Sponge/PVA Piezoresistive 9 Pa 10 000 5.37~18.56 kPa 138 44

Screen printing PDA Strain 5% 5000 5~83% 8700 39
Freeze-drying Cs Pressure 1.0 Pa 150 000 0.5~70.0% 109.6 35
ANFs Pressure 100 Pa 1000 2.0~80.0% 32 6.75 45

PINF Piezoresistive 0.5% 1000 0.5~90.0% 1.67 46

PI Strain 10% 1000 10~80% 200 47

Freeze-thawing PVA/PVP Strain/Pressure 0.87 Pa 2000 0~2 400% 233 19.18 37
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