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ABSTRACT

Research subject: In this study, a conductive sensitive layer composed of polybenzimidazole (PBI) and carbon nanotubes (CNTs) was designed and
fabricated via electrospinning for the detection of volatile organic compounds (VOCs)—(methanol, ethanol, isopropyl alcohol (IPA), acetone—and
water vapor.

Research approach: This study employed an experimental approach. In the first stage, various processing parameters—such as flow rate, voltage, and
needle-to-collector distance—were optimized to enable the fabrication of uniform fibers with nanometric diameters. Subsequently, the fibers were
deposited onto an interdigitated gold-on-glass electrode (IDE) as the sensor base to form the sensitive layer of the sensor. Finally, the dynamic response
of the fabricated sensor was evaluated using a custom-built measurement system developed by the research group.

Main results: Optimal electrospinning conditions were established at a flow rate of 0.5 cc h™, an applied voltage of 24 kV, and a nozzle-to-collector
distance of 15 cm, enabling the production of uniform nanofibers, as confirmed by scanning electron microscopy (SEM). Brunauer—-Emmett-Teller
(BET) analysis revealed a fiber specific surface area corresponding to 18.23 m? g™!. Dynamic sensing experiments demonstrated strong sensor responses
toward alcohols and acetone, with response intensity correlating inversely with alcohol polarity from methanol to IPA. The sensors exhibited an
exceptionally short response time (< 10 s), attributed to the nanofibrous architecture of the sensing layer, which promotes rapid vapor diffusion and
access to active sites. Furthermore, the response trends and selectivity toward target vapors were analyzed in the context of thermodynamic parameters,
including the Flory—Huggins interaction parameter.
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and PBI/CNT electrospun at two different magnifications
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Figure 2 Optical microscope image of electrospun
polybenzimidazole fibers under different processing conditions
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Table 1 Physical properties of the solvents and polymer, and the
calculated interaction parameters

Vwm (cm3/mol) 8(J/cm?3)12 X12
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Figure 7 a) Sensitivity and selectivity curve of the electrospun
conductive nanocomposite sensitive layer. b) Comparison of the

sensitive layer response to a concentration of 100 ppm of methanol,
ethanol, IPA, water, and acetone vapors
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