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Abstract: In this study, we fabricated 3D-printed flexible electrically conductive thermoplastic polyurethane (TPU) com-
posites by impregnating polypyrrole (PPy), as an active component for sensing reducing gases, with graphene oxide (GO)
or carbon quantum dots (QDs), as an electron transfer mediator. Carbon-based QDs were synthesized from banana peel
solid waste using a hydrothermal synthesis technique. After impregnating GO or QDs into the porous TPU matrix, three kinds
of functionalized conductive TPU composites, TPU-PPy, TPU-GO-PPy, and TPU-QD-PPy, were fabricated by vapor-phase
polymerization of PPy. The chemical compositions, morphological, and mechanical/electrical properties were analyzed
to confirm the designed conductive composites and evaluate their applicability as sensor elements. These composite mate-
rials were applied as reducing gas sensing materials, such as triethylamine, ammonia (NH;), and ethanol, and showed
excellent sensitivity, repeatability, selectivity, and humidity stability for NH; gas. In particular, among the prepared com-
posites, TPU-QD-PPy showed the best performance as a chemical sensor.
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Porous TPU 3D printing

Nomenclature of samples
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(i) TPU-PPy = Step II: PPy VPP, (i) TPU-GO-PPy = Step I: GO & Step II: PPy VPP (jii) TPU-QD-PPy = Step |: QD & Step II: PPy VPP

Scheme 1. Fabrication process of various 3D printed TPU based conductive composites.
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Figure 1. (a) HRTEM images of prepared hydrophilic nitrogen-doped carbon QD with various magnifications; (b) FTIR spectra; (¢) UV—vis
absorbance spectrum of prepared hydrophilic nitrogen-doped carbon QD with various synthesis time; (d,e) PL excitation spectra of prepared
hydrophilic nitrogen-doped carbon QD with various synthesis time.
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Figure 2. FE-SEM images of various TPU-based composite filaments prepared with infill density 50%: (a) TPU-PPy; (b) TPU-GO-PPy; (c)
TPU-QD-PPy, surface (up panel) and cross-section of filaments (down panel).
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Figure 3. Chemical composition distribution map of the various TPU-based composites: (a) nitrogen, iron, sulfur element atoms atom dis-
tribution map; (b) EDS spectra of all elements on the various composite’s surface.
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Figure 4. FTIR spectra of prepared hydrophilic nitrogen-doped
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Figure 5. Stress—strain curves of the various TPU-based composites: (a) S-S curves for various TPU based composites. (b) comparisons of
max stress, elongation, and Young’s modulus for various TPU based composites.
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