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The purpose of this study was to develop self-heating concrete by utilizing the conduction resistance of concrete in order
to reduce the risk of occurrence of black ice in the concrete pavement in winter and to prevent damage caused by
freez-thawing effect. For this purpose, it was attempted to evaluate the strength and temperature exothermic characteristics
using powder and liquid waste CNTs and a waste cathode agent as a conduction promotion. It was analyzed that liquid
waste CNT had an effective dispersion degree in the mortar and a small decrease in strength occurred. In addition, DC 24 V
was supplied by applying steel mesh, copper foil and copper wire to the mortar as electrodes, and the temperature change

characteristics according to the mixing ratio of spent CNTs, anodes and carbon fibers were evaluated.

In addition, by

evaluating the temperature characteristics according to the electrode spacing from the selected optimal mixture, it was
confirmed that it had sufficient heating characteristics up to an electrode spacing of 100 mm up to AC 50 V.
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Table 1. Mix proportion of cement mortar for deicing concrete
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Plain 127.0 | 276.0 | 552.0 - - - -
WC-5(P) 127.0 | 276.0 | 524.4 | 27.6 - - -
WC-3(P) 127.0 | 276.0 | 5354 | 16.6 - - -
WC-1(P) 127.0 | 276.0 | 546.5| 5.5 - - -
WC-0.5(P) 127.0 | 276.0 | 549.2 | 2.8 - - -
WC-1(W) |46 %] 127.0 | 276.0 | 552.0 - 5.5 - -
WC-0.5(W) 127.0 | 276.0 | 552.0 - 2.8 - -
WCCF-1 127.0 | 276.0 | 552.0 - 2.8 2.8 -
WCCF-0.5 127.0 | 276.0 | 552.0 - 2.8 14 - @ (b)
WCCM-10 127.0 | 276.0 | 496.8 - 2.8 - 552 . . .
WCCMS 1270 | 2760 | 5244 . 28 . 276 Fig. 1. Waste CNT and sonic spreading apparatus
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Fig. 2. Temperature measurement of specimens by digital meter and thermal
imager
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Table 2. Electric Resistance of for deicing concrete (Q * m)

Electric resistance
50 x 50 x 50 150 x 100 x 50

WC-0.5(P) 3,200.0 -
WC-1(P) 1,210.0 -
WC-3(P) 3034 -
WC-5(P) 169.2 -
WC-0.5(W) 518,000 292,000.0
WC-1(W) 6,320.0 -
WCCF-0.5 1,630.0 1,750.0
WCCF-1 810.0 -
WCCM-0.5 1,630.0 760.0
WCCM-1 1,230.0 -




S0 HONTO| $9%0| 571842 D2et20] M7|Hg
0] ZABH= ZOR LIENTY £ 220} oAttt azlo]
| BASIGOLE UMD EANS T SIS AIBSIE ES
Ol SUsielo RARBHA Katato] ZAsl] YyHEol wes
B2 ¥2 4 92 JoE mHEH

mm 4o = oSt

O, Fig, 40f
100
a0 ~e= WC-0.5(P) Steel Mesh
50 =&= WC-1(P) Steel Mesh
g —=—WC-3(P) Steel Mesh
T 70
1
E —m— WC-5(P) Steel Mesh
= 60
=
g
E 50
)
30
(a) 20
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Time (min)
100
90 = @="WC-0.5(P) Copper wire

0 == WC-1(P) Copper wire
—=—WC-3(P) Copper wire

—B—WC-5(P) Copper wire

Temperature(°C)
: o
3

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Time (min)

—e— WC-0.5(P) Copper foil
—0— WC-1(P) Copper foil
—=—WC-3(P) Copper foil
—B— WC-5(P) Copper foil

Temperature(°C)
Lh [=:)
o o

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100
Time (min)

Fig. 4. Temperature change of cement mortar with WCNT powder due to
electrical supply
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Fig. 5. Temperature change of cement mortar with liquid WCNT due to
electrical supply
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Fig. 6. Temperature change of cement mortar with liquid WCNT and
carbon fiber due to electrical supply
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Fig. 7. Temperature change of cement mortar with liquid WCNT and
waste cathode material due to electrical supply
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Fig. 8 Thermal images according to the change of electrode spacing and supplied voltage
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