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Evaluation of the Exothermic Properties and Reproducibility of

Concrete Containing Electro-conductive Materials
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Abstract

From 1990’s, a study on the development of exothermic concrete, a concrete which electro—conductive material is
mixed, has been proceeded. However, due to the difficulty of exothermic reproducibility of concrete specimen, the
study has been unable to continuously carried out. Accordingly, this study was focused on developing an exothermic
concrete for the purpose of snow-melting material. Cement paste and mortar specimens mixed with graphite,
conductive metal powder and chemical admixture were made. The evaluation of exothermic performance and
reproducibility was conducted under -2C of low temperature. In addition, micro-chemical analysis was carried out to
investigate a cause of exothermic reproducibility. As a test result, the specimen mixed with graphite and

superplasticizer with air entrained

showed the best exothermic performance and reproducibility. Through

micro—chemical analysis, it is judged that polymer or methacrylic acid (MAA), the contents inside the superplasticizer
with air entrained, gave exothermic reproducibility by generating the electrochemical reaction with graphite.
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Table 2. Characteristic of electro-conductive materials

Apparent

Division Purity . )
(Powder type) (%) density (g/cm? Particle Size
i +100mesh 30.0%
Flake graphie 650 045 ~100mesh 70.0%
i +50mesh 63.0%
Expanded graphite ~ 99.23 0.34 T omesh 37 0%
Nickel (Ni) 100 1.00 400mesh
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Table 3. Characteristic of cement

s Densi Fineness Stabiliy
Division g/cmgy (sz/g) (%)
OPC 3.15 3200 0.08
Table 4. Characteristic of fine aggregate
: - Fineness
i Maximum Densi Absorption
Division size (mm) g/cmgy %) modulus
(F.M)
Fine aggregate 5.0 2.6 1.45 2.16
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Table 5. Experiment factors and levels of cement mortar

Experiment level

FG+CF™, EG", EG+Ni,
10V, 30V, 50V

Thermo-graphic camera, Data logger

: Carbon fiber

Experiment factor

Materials FG', FG+Ni, EG+CF
Input voltage

Measuring device

= : Flake graphite, * : Expanded graphite, — *+*
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Table 6. Mix proportion of cement mortar

Table 7. Characteristic of electro-conductive materials

Conductive materials (g)

Specimens C S W
Division (@) (@) (@ G EG Ni CF
1. FG 307 220 93 - - -
2. EG 307 220 - 93 - -
3. FG+Ni 300 200 80 - 20 -
4. EG+Ni 200 300 200 - 80 20 -
5. FG+CF 312 300 80 - - 8
6. EG+CF 312 300 - 80 - 8
7. Plain 400 70 - - - -
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Division Purity Apparent Particle Size
(Powder type) (%) density (g/em®)
+200mesh 00.1%
Lead (Pb) +99.5 552 +325mesh 09.4%
-325mesh 90.5%
+200mesh 01.0%
Tin (Sn) +99.5 3.05 +100mesh 08.5%

-100mesh 90.5%

Table 8. Characteristic of superplasticizer with air entrained

. Main Density
Division Component Type Color pH @ formd)
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Table 9. Experiment factors and levels of cement paste

Experiment factor Experiment level

. . FG', Ni, Sn, Pb, FG+Ni, FG+Sn,
Conauctive materials — pqipp FGSAE”, Sn+SAE, Po+SAE,

Input voltage 10V, 30V, 50V

Measuring device Thermo-graphic camera, Data logger

= Flake graphite, = : Superplasticizer with air entrained

Table 10. Mix proportion of cement paste

Conductive materials (g)

R e R R
1. FG 5338 1256 - - - -
2 Ni 300 - 125.6 - - -
3 Sn 239.8 - - 125.6 - -
4 Pb 229.8 - - - 125.6 -
5 FG+Ni 410 628 628 - - -
6. FG+Sn 4082 62.8 - 62.8 - -
628
7.  FG+Pb 3868 62.8 - - 62.8 -
8 FG+SAE 2298 628 - - - 12.56
9. Sn+SAE 125.6 - - 62.8 - 12.56
10. Pb+SAE 125.6 - - - 62.8 12.56
11. SAE 125.6 - - - - 12.56
12. Plain 225 - - - - -
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Figure 10. XRD analysis of (Flake graphite + superplasticizer with air Entrained) specimen

Table 11. XRF analysis of (Flake graphite + superplasticizer with Air Entrained) specimen

80

Element (mass%)

C Na Mg Al Si S Cl K Ca Mn Fe
Before 10.570 0.011 1.244 2.700 10.721 0.065 1.416 0.049 0.624 67.198 0.081 4.699
After 21.009 0.051 0.951 2.200 10.383 0.054 128 0.067 0.907 58.623 0.067 4.051
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(b) Carbon element
Figure 11. SEM/EDS result of (FG+ SAE) specimen
(before applying voltage)
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(a) Specimen

Carbon element mapping

(b)

Figure 12. SEM/EDS result of (FG+SAE) specimen
(after applying voltage)
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Evaluation of the Exothermic Properties and Reproducibility of Concrete Containing Electro-conductive Materials
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