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Fig. 1 SEM images of the cryo-fractured surfaces for (a) EGO, (b) EGO0.5, (¢) EG1.0 and (d) EG1.5 samples.
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Fig. 2 Permittivity e-frequency f curves of the EGx samples.
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Fig. 3 (a) Photograph and expansion ratio (ER) of the FEG0-y samples. SEM images, cell diameter distribution, cell density N
and mean cell diameter D,, of (b) FEG0-90, (c) FEG0-100 and (d) FEG0-110 samples.
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Fig. 4 (a) Photograph and expansion ratio Er of the FEGO0-110 and foamed EG/TPU composite samples. SEM images, cell
diameter distribution, cell density N and mean cell diameter D,, of (b) FEGO0.5, (¢) FEG1.0 and (d) FEG1.5 samples (foaming

temperature: 110 °C).
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Fig. 5 (a) Relative capacitance change AC/Cy-pressure P
curves, schematic structure and (b) sensitivity S in higher

pressure region for the EGx sensors.
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Fig. 6 (a) Relative capacitance change (AC/C)-pressure (P) curves for the FEGO0-y sensors, and pressure values (unit: kPa) of

demarcation points between the three pressure regions for these sensors; (b) Sensitivity S in different pressure regions for the

FEGO-y sensors; Changes of (c) dielectric layer thickness d, (d) apparent permittivity ¢ and (e) sensor capacitance C with

pressure P for the EGO and FEGO-110.
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Research Article

Improvements of Pressure Sensing Performance of Thermoplastic
Polyurethane Elastomer-based Materials by Expanded Graphite and
Supercritical Fluid Foaming

Shu-ping Xiao®, Zhi-gang Sun, Hao-ting Lie, Jia-rong Huang”
(Jiangmen Key Laboratory of Polymer Intelligent Manufacturing, Wuyi University, Jiangmen 529100)

Abstract Foamed expanded graphite (EG)/thermoplastic polyurethane elastomer (TPU) composite sheets were
prepared using melt blending, supercritical fluid foaming, and other processes. Capacitive pressure sensors were
assembled by adopting these foamed sheets as the dielectric layer. Thus, the influence of EG and supercritical
fluid on the pressure-sensing performance was studied, and the influence mechanism was revealed. The results
showed that EG could effectively increase the permittivity of the EG/TPU composites and the sensitivity of the
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corresponding sensor, which was related to the interfacial polarization between the introduced EG layers and the
TPU matrix. By conducting supercritical fluid foaming on the EG/TPU composites, three-dimensional microcellular
structures were effectively constructed, and the foaming process enhanced the deaggregation of the EG aggregates
in the composites with higher EG content. The former could effectively increase the thickness variation of the
dielectric layer during the compression process and cause a large amount of low-permittivity air to be replaced by
high-permittivity EG/TPU solids during compression, thereby effectively increasing the apparent permittivity
change of the diclectric layer during the compression process. The latter was favorable for forming the micro-
capacitance structure of the EG layer-air-EG layer within the dielectric. The functions of the above two aspects
could significantly improve the sensitivity values of the micro-cellular EG/TPU sensors: compared with the 1.5 wt%
EG composite, the sensitivity in the medium-pressure region was increased by approximately 71 times after
foaming. The test results of other performances and applications of the sensor showed that the capacitive pressure
sensor based on the foamed EG/TPU sheets exhibited low resolution (as low as 0.5 N), low pressure detection
limit (as low as 1 kPa), and good cyclic stability. It had a good application prospect in movement monitoring for
wrist bending, finger grasping and sitting/standing.
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