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Effect of Polylactic Acid Microspheres on Properties of Ti,C,T,
Porous Structure Moisture Humidity Sensing Films

GU Junshan, ZHAO Yuhong
(Henan Vocational University of Science and Technology, Zhoukou 466000, China)

Abstract: Polylactic acid (PLA) microspheres were employed as sacrificial templates, and PLA microspheres with
uniform particle size (approximately 200 nm) were prepared via a high-shear emulsion method. Ti,C,T, was then
composited with PLA at volume ratios of 3 : 2 and 2 : 1, respectively. Through drop-coating to form films followed by
calcination at 400 °C under an argon atmosphere to remove the templates, Ti,C,T, porous thin-film humidity sensors with
tunable pore structures were successfully constructed. Characterization results revealed that the 3Ti,C,T./2PLA sample
exhibited a specific surface area of 15.42 m?/g, a pore volume of 0.093 4 cm?/g, and an average pore diameter of 17.40 nm,
all of which were significantly improved compared to those of the pristine Ti;C,T, film. XRD patterns and Raman
spectroscopy analysis confirmed that the Ti,C,T, structure was preserved, and the 3Ti,C,T,/2PLA sample showed the
lowest intensity ratio of the D-band to the G-band (/,,/I;;), indicating a higher degree of graphitization. Humidity sensing
performance tests demonstrated that, within the relative humidity (RH) range of 11%~97%, the 3Ti;C,T,/2PLA sensor
achieved a sensitivity of 7.31 mV/%RH and an output voltage of 0.94 V (RH 97%), both outperforming the Ti,C,T,/IPLA
and pristine Ti;C,T, sensors, with good linearity and repeatability. The study confirmed that the porous structure
introduced by the PLA template method effectively increased the specific surface area and gas diffusion channels, thereby
facilitating water molecule adsorption and ion transport, and significantly enhancing the sensitivity and response
performance of two-dimensional transition metal carbides/nitrides (MXene)-based humidity sensors. The study provides a
new strategy for the design of high-performance self-powered humidity sensors.
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