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Preparation of polyurethane/urushiol-Cu-carbon black composite film and its application in flexible strain sensors
LI Peize', LIN Xiangde®
(1. School of Mechanical and Automotive Engineering, Shanghai University of Engineering Science, Shanghai 201620, China;
2. School of Medical Instrument, Shanghai University of Medicine & Health Sciences, Shanghai 201318, China)

Abstract : To address the difficulty of simultaneously achieving high sensitivity, a wide linear working range, and long-term
stability in flexible strain sensors, thermoplastic polyurethane (TPU) nanofibrous membranes were prepared by electrospinning and
used as flexible substrates. Carbon black (CB) was anchored onto the fiber surfaces by ultrasonic adsorption, and urushiol (U) was
introduced as an interfacial adhesion and curing-regulation component. A hybrid conductive network was further constructed to
obtain a TPU/U-Cu-CB composite sensing layer. The microstructure, chemical structure, surface wettability, and sensing perfor-
mance of the composites were characterized by Scanning electron microscopy (SEM), Fourier transform infrared spectroscopy
(FTIR), contact angle measurement, as well as mechanical and electrical tests. The results show that, at a urushiol:copper nanoparti-
cle : CB mass ratio of 2 : 1 : 1, the composite exhibits a good balance between relatively high strength and good ductility. Within
the strain range of 0 to 100%, the prepared sensor exhibits a high linear response, with a gauge factor of 18.25 and a response/recov-
ery time of approximately 400 ms, and no obvious fluctuation in output signal during continuous cyclic loading. In addition, the
sensor can be used to monitor human activities such as finger bending, knee movement, and vocalization. These results indicate that
the combination of urushiol interface modification and a metal-carbon hybrid conductive network helps to improve the sensitivity
and cyclic stability of the sensor, providing a new approach for the design of engineering-plastic-based flexible strain sensors.

Keywords : flexible strain sensor ; electrospinning ; thermoplastic polyurethane ; urushiol ; Cu nanoparticles ; carbon black ;

motion monitoring
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