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Abstract

The exothermic property of electrical conductivity concrete would allow the heating system of house or snow
melting system of tunnel, road or bridge deck. This study was performed on electric resistance, exothermic
property and mechanical property of the mortar with graphite of carbon-based conductive material as a
fundamental research for the heat conductive concrete development. As the results of this experiment, the
increasement on the amorphous graphite substitution rate was found to decrease in the compressive strength,
however, the electric resistance was found to be significantly lower. And, in order to demonstrate the exothermic
property, the graphite was found to be included more than 152 of the total mortar volume. When low electric
resistance obtained with a certain level of the graphite inclusion, exothermic value and applied voltage has a
higher correlation, and the exothermic value and the square of the voltage appeared to be in a proportional
relationship.
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Table 1. Physical characteristics of carbon black

Appearance P%v‘\;ﬁgtr / Color Black
Bovy 17230 periiisi At
dgr?gi(ty 2102564?)Ok|gb//rfrtl Solubility Insoluble
e RS0 D o

Figure 1. Shape of carbon black
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Figure 2. Crystal structure of the graphite(12)

249

A 5919] A Ao AEERE= Flog HE O
ARLe] A7]of o3l EF=| BAF oz grke] A7)
e} QW (flake), AH(lump), T2 S 5o AESH

ok

rg

ox
S

of §uze} H2e] Hagih Fufel e 2
of QW 39, U3 TS EASGOR

549 E42 Table 2

;

o
i

z=

5
S
FE B4

—

13

B

Table 2. Physical characteristics of the graphite

High
crystalline
graphite

Amorphous

Flake graphite graphite

Appearance flake lump powder

Carbon content <60% <100% 30~90%

Size(mm) >0.1 0.001~0.1 <0.001

Crystal form Hexagonal system

Density 20 ~ 225

Melting point > 3500C

Thermal conductivity

(callem sec C) 04 ~ 10
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Table 3. Design of experiment
[tem Factor Contents
C:S 1 1:3
) Amorphous
Type of graphite 1 Graphite
Mix factors W/C(%) 1 70
Replacement ratio 0, 17,
of fine aggregate 6 22, 27,
to graphite (%) 32, 37
Test . Compressive strength
factors Hardening mortar Specific resistance

Properties of Exothermic
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Table 4. Mix design

Mix Contents of W/C

Volume mix (/m®%)

Weight mix (kg/m?)

Type (rgfg) e g(:;;z;phlte (%) Cement agg’;:rlggate Graphite ~ Water ~ Cement agglg:rlggate Graphite  Water
Plain 0 532 0 1,383 0

G-17 17 442 90 1,148 202

G-22 22 415 17 1,079 261

G-27 h:3 27 70 146 388 144 322 460 1,010 320 22
G-32 32 362 170 941 380

G-37 37 335 197 871 439
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Table 5. Physical characteristics of cement
! ! Compressive
Setting time
Densi Fineness  Stability (min) strength
g/Cmgy (cm2/g) (%) (MPa/days)
initial ~ final 3 7 28
3.15 3,630 0.08 255 345 284 414 545

Table 6. Chemical characteristics of cement

Composition ~ CaO SiO» AOs  MgO FexO3  SOs

(%) 61.3 211 52 4.0 2.8 24
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Table 7. Physical characteristics of fine aggregate

Dens@y Fineness modulus Percentage of water
(g/em”) absorption (%)
2.60 2.79 24
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Table 8. Physical characteristics of amorphous graphite

. Particle Fixed Volatile
Appearance M?gtgjre (Degrsr:gy size carbon matter
° of (mesh) (%) (%)
Dok 045 223 350400 825 3
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Figure 3. Shape of specimen
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Figure 5. Test of electric resistivity and exothermic properties
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Table 9. Result of specific resistance test

Electric resistance (kQ)  Specific resistance (2m)

Type Length (mm) Length (mm)

400 800 1200 400 800 1200
Plain 1200 2800 3900 15000 17500 16250
G-17 28.1 578 83.5 351.3 361.3 347.9
G-22 215 42.1 69.5 268.8 263.1 289.6
G-27 15.7 30.1 435 196.3 188.1 181.3
G-32 9.6 15.5 29.5 120.0 96.9 122.9
G-37 1.1 22 33 13.8 13.5 13.7
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Table 10. Result of exothermic test (unit : T)

G-37 G-32 G-27
) 50 100
Time 50mm 100mm 50mm 100mm mm mm
100V 200V 100V 200V 100V 200V 100V 200V 200V 200V
Stat 244 233 318 322 248 268 325 328 249 332
1 Min. 249 310 321 341 249 270 325 330 250 333
5Min. 206 660 333 432 254 289 327 338 260 335
10 Min. 341 962 353 531 263 315 331 348 271 339
15 Min. 37.3 372 615 269 334 334 357 279 343
20 Min. 40.0 388 686 272 3H2 337 365 285 345
30 Min. 436 413 785 278 385 342 378 294 350
40 Min, 462 437 854 282 412 345 389 301 354
50 Min. 484 452 911 285 434 348 309 307 358
60 Min. 50.0 465 951 288 450 350 409 311 360
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1
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Figure 9. Exothermic temperature over time
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Figure 10. Exothermic value of G-37, 100mm
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