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ABSTRACT: Additive manufacturing (AM) affords unprecedented design flexibility and markedly shorter production
cycles, spurring intense investigation in aerospace, transportation, and consumer-electronics applications. Current
efforts center on printing multifunctional composites, where even slight changes in nanofiller loading can dramatically
alter properties—necessitating the concurrent optimization of material formulation and processing parameters. In this
study, we fabricated TPU/CNT composite filaments by incorporating CNTs with superior thermoelectric characteristics into
a TPU matrix. We systematically characterized the melt rheology of the resulting filaments and correlated it with
processing parameters to establish optimal conditions for FDM. Under these refined conditions, a 20 wt% CNT
loading yielded an electrical conductivity of 600 S/m, demonstrating the feasibility of printing highly conductive,
thermoelectric-capable architectures. It is expected that this will contribute to the development of next-generation
flexible electronic and energy devices utilizing thermoelectric functional composite materials.
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Fig. 1. TPU/CNT Filament manufacturing process
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Table 1. 82A-TPU/CNT Filament

5wt% 10wt% 20wt%
Fil i
ilament extrusion 210°C 210°C 220°C
temperature
A i " 1.6mm 1.65 1.9
verage diameter
& (+0.05) (£0.15) | (20.05)
Table 2. 87A-TPU/CNT Filament
5wt% 10wt% 20wt%
Filament extrusion 210°C 215°C 220°C
temperature
Average diameter 1.6mm L7 19
Vi
8 (+0.05) (0.15) (+0.1)
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Fig. 3. Coagulation is caused by high concentrations of nanofillers
(MWCNT 20wt%)
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Fig. 4. The surface of the 82A TPU/CNT filament is shown before
and after 3D printing. (a) surface before extrusion, (b)
surface after extrusion and c) Surface Deformation
Caused by a Slip
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Fig. 5. Low-hardness (82A, 10wt% TPU/CNT) filament slips and
tears in FDM drive gear
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