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Improvement of preparation process for highly sensitive PVDF-HFP/IL sensing film and its piezoresistive properties
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Abstract : Piezoresistive composite films composed of ionic liquids (IL) and poly(vinylidene fluoride-co-hexafluoropropylene)
(PVDF-HFP) exhibit significant potential for development within sensor technology. However, at elevated IL loadings, IL that leaks
onto the membrane surface will reduce the sensitivity of the sensor and adversely affects the adhesion between the piezoresistive
material, electrodes, and substrate. Based on an analysis of IL exudation mechanism, an improved two-stage drying process consist-
ing of "low temperature and normal pressure-high temperature and negative pressure" in enclosed environments was proposed. The
proposed methodology involves a segmented drying protocol conducted: first, the sample was dried at 35 °C and under normal pres-
sure for 24 hours to prevent the formation of the chitin surface layer too early and to establish a uniform pre-network structure;
subsequently, vacuum-assisted drying was carried out at ~0.08 MPa and 80 °C for 24 hours to accelerate the evaporation of residual
solvents and densify PVDF-HFP network to retain IL. The improved process enhanced the retention ability of PVDF-HFP matrix for
IL, effectively improving the phenomenon of IL leakage. Furthermore, the piezoresistive properties of PVDF-HFP/IL films prepared

using the previous and improved processes were investigated. The effects of IL mass fraction on the piezoresistive properties of
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PVDF-HFP/IL composite films fabricated by the improved process were studied. The results indicate that following process
improvement, the piezoresistive film exhibits no IL leakage with a dense, smooth surface and a uniformly stable internal structure.
Considering key performance indicators such as driving voltage range, piezoresistive sensitivity, and linearity, PVDF-HFP/IL film
with an IL mass fraction of 50 wt% demonstrates the best piezoresistive performance. The piezoresistive film fabricated by the
improved process exhibits a sensitivity of 189 mV/N in a 2.1 mA constant-current test circuit, representing a 330% increase
compared to the film produced by the previous process. Its coefficient of determination for linearity is 0.967, and relative attenuation
rate of sensitivity is approximately 4%. These results indicate that the improved process significantly enhances the stability and
cycling performance of the film. PVDF-HFP/IL piezoresistive film developed in this study exhibits high stability and sensitivity,
enabling responsive and stable voltage response under room temperature, low-load, and small-strain conditions. This work provides
valuable guidance for subsequent research in the field of PVDF-HFP-based composite piezoresistive materials.

Keywords : piezoresistive films ; PVDF-HFP ; ionic liquid ; filler exudation ; improved process ; piezoresistive property
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Fig. 10 Piezoresistive performance test results of PVDF-HFP/IL(20%~70%) films prepared by improved process
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Fig. 11  Piezoresistive characteristics of PVDF-HFP/IL(20%~70%)
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