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Study on Salt-templated Gradient Porous Thermoplastic Polyurethane/Graphene
Composites for Highly Sensitive Wide-range Pressure Sensing Properties
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Henan Polytechnic University, Jiaozuo 454003, China)

Abstract: Porous conductive polymers are the primary materials for flexible pressure sensors. However, uniform porous
structures undergo rapid pore collapse and densification upon compression, making it difficult to achieve both a wide
sensing range and high linearity in high-sensitivity devices. In the study, thermoplastic polyurethane (TPU) was used as
the matrix, graphene nanoplatelets (GNP) were used as the conductive filler, and sodium chloride (NaCl) particles were
used as the sacrificial template. Through layer-by-layer casting and solvent removal, pore size and modulus gradients
ranging from large to medium to small pores were constructed along the thickness direction within a single integrated
specimen, yielding gradient porous composites (TPU-G). The results showed that upon compression, the soft macroporous
layer collapsed preferentially in the low-pressure region, the medium-pore layer collapsed in the medium-pressure region,
and the rigid microporous layer densified finally in the high-pressure region, with the conductive network being
reconstructed segmentally along the pressure axis. The TPU-G maintained a continuous, segmentally linear calibratable
electrical response over a wide pressure range of 0~500 kPa, with a sensitivity of up to 2.28 kPa" in the low-pressure
segment and a linearity (R”) greater than 0.99 for each segment. The response and recovery times were approximately
62 ms and 80 ms, respectively, with a hysteresis of approximately 4.7%, and the response retention rate remained above
95% after 5 000 cycles. When applied to pulse, respiration, finger pressing, plantar pressure monitoring during walking,

and 4x4 array pressure distribution imaging, clear and distinguishable signals were obtained. The method features simple
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process, low cost, and no requirement for complex equipment such as freeze drying or additive manufacturing, providing a

reference for the large-scale preparation of wide-range flexible pressure-sensing materials.
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