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Abstract

Carbon nanotubes are used in various industries with their excellent mechanical properties and electrical conductivity.
In the construction industry, research is being conducted to give self-sensing capabilities to structures, but the results
of experiments vary among researchers, and the analysis is insufficient. Therefore, in this study, the hydration and
electrical properties of MWCNT-added cement pastes were measured. The electrical resistance values of hydration
heat, porosity, Rietveld quantitative analysis, compressive strength, and distance were measured.. The heat resistance,
porosity, Rietvelt quantitative analysis, compressive strength and distance were measured according to electrical
resistance. Experimental results showed that the heat of hydration decreased with increasing MWCNT. XRD Rietveld
quantitative analysis showed that there was no significant difference in the amount of hydration products with
increasing addition rate of MWCNT. As a result of SEM analysis, the MWCNT is agglomerated by van der Waals
forces, and this area is considered to be caused by voids and weak areas. The electrical resistance value decreases as
the addition rate is increased, and thus may play a role for magnetic sensing in the future.
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Table 1. Experimental plan

Factor Levels
WB (%) 2 - 20,45
. CNT Type 1 - MWCNT
Mixture
Flow (mm) 1 150 + 10
CNT/B (%) 3 -0, 10, 20
Fresh 1 - Heat of hydration (72 hour)
paste
- Compressive strength
Experiment (3, 7, 14, 28, 56 days)
Hardened 4 MIP (28days)
paste - XRD (3, 7, 14, 28days)

- SEM (3, 28days)
- Electrical resistance(28days)

Table 2. Mixture proportions of cement paste

Ww/B MWCNT Binder (%) Ad
(%) (%) C SF (%)
0.0 0
45 1.0 100 - 4
2.0 6
0.0 2
20 1.0 90 10 7
2.0 10
Table 3. Properties of binder
Chemical Composition (%) Density
Factor - 3
Si0,  ALO; FeOy CaO  MgO  (gfem’)
C 22.23 5.21 3.38 64.58 2.3 3.15
SF 99.61 0.03 0.05 0.03 0.02 2.12
Table 4. Properties of CNT
Iltem MWCNT SWCNT
diameter (nm) 5~100 1.2~3.0
length (um) 10 10
tension (GPa) <50 ~45
Electrical resistance (Q-m’) 5.1x10° 10x10*
Therm?\'/\i;’:g;‘d“’“y max. 3,000 max. 6,000
Specific Surface Area(m’/g) 130~160 700~900
Cost($/9) 1~20 100~1,000
2.3 MYy
AHE E3HA9] vieke AR URkE 20 AME, 11
7 27 A HE+AZ7FE)9F MWCNTS £9J8F 5 51, 74
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Figure 1. Experiment equipment
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Table 5. Admixture addition ratio

W/B (%) MWCNT (%) Ad(%)
0.0 0
45 1.0 4
20 6
0.0 2
20 1.0 7
2.0 10
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Table 6. Compressive strength(MPa)
days
ftem 3 7 14 28 %
N | MWCNT 0.0% 17.7 212 24.2 29.2 322
Stg:‘?h MWCNT 10% 172 180 225 261 287
9 MWCNT 2.0% 17.2 19.5 19.7 24.7 259
High MWCNT 0.0% 350 390 448 4841 51.0
Stre'ggth MWCNT 10% 413 428 438 442 453
MWCNT 20% 345 394 396 418 430
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Table 7. Hydration products by reidveld method(%)

days

ftem 3 7 14 28
MWCNT  Ca(OH), 24.8 23.3 217 235
00% Ettringite 16.5 149 14.8 13.3
MWCNT  Ca(OH), 252 274 279 26.2
1.0%  Ettringite 175 13.1 15.7 16.1
MWCNT  Ca(OH). 25.4 28.7 29.0 258
20% Ettringite 19.6 145 17.3 14.8
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Table 8. Electrical resistance(Q)

[tem 140mm  100mm  60mm 20mm

MWCNT 00%  630.0 482.0 287.0 194.0

Normal  yweNT 10% 2160 2140 1690 910
strength
MWCNT 2.0% 76.3 58.3 404 220
MWCNT 0.0% 368.0 312.0 207.0 159.0
Hish — MWONT 10% 1050 983 865 67
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MWCNT 2.0% 63.20 50.4 19.9 16.5
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