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Abstract : This study presents an excellent planar heater based on low-dimensional composites. By optimizing the ratio of 1D
carbon nanotubes (CNT) and 2D MXene (Ti;C,Tx), it is possible to create a planar heater that has superior electrical conductivity
and high heat generation characteristics. Low-dimensional composites were prepared by mixing CNT paste and MXene solution
with eco-friendly waterborne polyurethane (WPU). In order to find the optimal mixing ratio for the MXene-CNT-WPU
composites, samples with MXene to CNT weight ratios of 3:1, 1:1, 1:3, 1:7, and 1:14 were investigated. In addition to these
different weight ratios, 5 wt% WPU was equally applied to each sample. It was confirmed that the higher the weight ratio of CNT,
the lower the sheet resistance and the higher the heating temperature. In particular, when the MXene-CNT-WPU planar heater
was fabricated by mixing MXene and CNT at a weight ratio of 1:7 and 1:14, the heating temperature was higher than the heating
temperature of a CNT-WPU planar heater. These characteristics are due to the optimized mixture of the 1D materials (CNT) and
the 2D materials (MXene) causing the formation of a flat surface and a dense network structure. The low-dimensional composites
manufactured with the optimized mixing ratios found in this study are expected to be applied in flexible electronic devices.
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Figure 1. Fabrication process of MXene-CNT-WPU planar heater.
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Figure 2. HR-SEM images of (a,b) CNT-WPU, (c,d) MXene-
WPU, and (e-f) MXene-CNT-WPU composites.
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Figure 3. EDS mapping images of MXene-CNT-WPU planar
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Figure 4. Raman analysis of (a) MXene-WPU, (b) CNT-WPU, and (¢c) MXene-CNT-WPU planar heater.
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Figure 5. Electrical resistances of MXene-CNT-WPU planar heater: (a-b) sheet resistances, (c-d) parallel resistances.
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