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Abstract

Black ice is a road-freezing phenomenon that occurs on the surfaces of roads and is caused by sub-zero temperatures. Black ice
is dangerous to vehicular traffic because it is difficult for a driver to detect its presence on roads. Further, it causes vehicles to lose
traction on roads, thus causing accidents. Therefore, this study aims to solve this problem by utilizing a heating module with multi-walled
carbon nanotubes (MWCNTSs) and analyzing the heating efficiency according to the size effect of the heating module. The heating
modules were divided into cubes (50 x 50 x 50 mm®) and cuboids (100 x 300 x 60 mm®). The parameters considered were the
size of the heating module, number of curing days, and supply voltage. The maximum temperature change of the cubes was 75.7
C, and the maximum temperature change of the cuboids was 78% of the cube. The thermal images demonstrated that the cuboids
exhibited better thermal dispersibility than that exhibited by the cubes. Therefore, the heating efficiency of the cuboids was inferred
to be excellent. Thus, the cuboid heating module can be used to reduce the risk of accidents occurring caused by black ice.
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Fig. 1. Specimen

Table 1. Test Parameters
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Specimen name Module type Curing days (day) Voltage (V)
Cube-7D-10V 10
Cube-7D-20V 20
Cube-7D-30V ! 30
Cube-7D-40V 40
Cube-28D-10V Cube 10
Cube-28D-20V 20
Cube-28D-30V 2% 30
Cube-28D-40V 40
Cuboid-7D-30V 30
Cuboid-7D-50V 50
Cuboid-7D-100V 7 100
Cuboid-7D-150V 150
Cuboid-7D-200V . 200
Cuboid-28D-30V Cuboid 30
Cuboid-28D-50V 50
Cuboid-28D-100V 28 100
Cuboid-28D-150V 150
Cuboid-28D-200V 200
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(e) Installing stainless steel mesh

Fig. 2. Fabrication Process of Specimens
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Fig. 4. Results of Cube Heating Test
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(a) Curing 7 days

(b) Curing 28 days

Fig. 6. The Thermal Image of the Cube Heating Module
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Fig. 7. The Thermal Image of the Cuboid Heating Module
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