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Effects of CNT Additions on Mechanical Properties and Microstructures of Cement
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Abstract: Carbon nanotube(CNT) is one of the promising construction materials to produce concrete with high strength and durability by adding

in the concrete mixtures from various researches. Also, its superior heat conductivity can be one of the options to develop self-heating concrete. In this
research, the fundamental study was conducted to investigate mechanical properties and microstructures of cement pastes and mortars by strength
tests and porosity measurement with several CN'T additions, which were 0 wt%, 0.115 wt%, 0.23 wt% and 0.46 wt% of CNT-cement ratio. Compressive
and flexural strength test were conducted at 3, 7 and 28 days, and pore characteristics were investigated by mercury intrusion porosimetry. SEM-EDS
and Thermogravimetric analysis(TGA) were conducted to prove the hydration product types and CNT dispersion in the cement matrix. As a result,
even though high amount of CNT additions were caused worse performance, mixtures with 0.115 wt% of CNTs developed the similar performance

with plain mixture.
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1. M E

AMIE:= Z3BES] FAECRE, FAFEE Calcium
silicate(CsS, C,S) ¥ Calcium aluminate(C;A)= J%o] 91
r}. o= 23} ¥kg5le] C-S-H T Ca(OH), 52 TS
< THE0] W(Cho et al., 2008), S=5H5Eg0] 2|& o] what 5=
MY EEFY S7H= IRt s 7 A miAlAL AT 2] E )
2= 27 UERd T o|2{RF AHIE O] obd s TiAde f19t e
gog EMAULSH(Carbon NanoTube, CNT) ¥ IZjd
(Graphene)©] &2{#] 210H, o] 5 20t AJHIE EokA|of Tt
A7t FE =1 ek CNT= 624 0] 1 e|ge=2 29
a4 RS0 FH JEIE o T glom, GHE Bl A
b9 9gt g R delA Qltk(Jo et al., 2013).

CNTE= Z3A1ET 100H] o}32] 917732t 1 TPal] B/A|
-5 7111 Qlow, A E-2 280%0] o] ETHaL d=iA] 9l

A3, (AL EIAA G AT A7 AT, AT
A4, (NI LRFA AT A7 EATAE, A7
g3, (M IFALREIAAN AT A AT, AEHA

g3, Aeista BEF st e

A3, 7t EEEA F 3, 2, aAlA A
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B =0l tidt B0 E2017'd 12€ 1Y7HA) 813 2 HUjFAIH 2018'd 12
Sof| E2ZAAE AASHISUTH

THWong et al., 1997; Yu et al., 2000). o]2|gt EA] wjZo]|,
CNT 28jof| o2 A|HEA] E3A|o] H5t] Ad-gof thet
7h Y=L Qlek CNT £ A o] 46t e 4]
20w, H|EHZ o] & CNTE AHIE 43512 A4S E3lskaL
C-S-H gel®] HI[&S S7H 7= 922 et dafA QoKL
et al., 2004; Li et al., 2005; Konsta-Gdoutos et al., 2010). _L&]
L, Aol et A 29t AdolshAl ekl Q=T o
7= AWE Z2F 0] 0.1%2] CNT Z0014] 15%, 0.5%
o] M= 11%2] YEAE 715 HI 21K (Xu and Eil,
2009; Musso et al., 2009), w/c 0.5 BigIllA AHE ZoFH]|
0.5%= ZUL 739 2512 8% Y=L Aot HalE]7 |
SR Colins et al., 2012).

AJHEA CNT S3A|9] ajA|x 24 tigh Ak X188
E|.om, CNTE] 29lof| b g3l F710 2 =5t
-2 ol oFel Bhgo] ohd Filling effect= 4] B2]2 7j
A9] oJgFo] Irkal HEQITHLI et al., 2005; Chaipanch et
al., 2010; Kang and Park, 2014; Xu et al., 2015). CNT Z<}]l
w2 b A5 g7tet uAltE Ao thgh SR o2 A
ol B elal CNT YA Hhe| 24 3lof] o] miE=A
el FdsHA w4tEle] 9] Zghehs Aol met B3-S
sk = ofee AXolct. o B4 7S $ial
of 2] W& A-goto] L Hste] 2jolg Aok A7t X198
S| 2AA]TH(Ha et al., 2015), 935 7H4S 9ISk 214 CNT A}
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2. Mz X &EBYE

21 M=

32 Aol T AR 2 2 AR AT-g A
(Research cement)”} T+ & 2 ARSE| ATt 237 95%2F 4
5%71 71 A7-& AJHE = Table 13} Zo] ZEAMT ATl

Ik m

Table 1 Mechanical and chemical properties of raw materials

Specific
Density surface

3
CaO Si0, ALO; MgO SO; Fe,0, (&em) area

Chemical compositions(%o)

(cmz/g)
OPC 579 205 44 20 17 39 315 3580
Research o5 11 43 29 36 38 319 3680
cement
100000
Re » 3Ca0Si0,
« 2Ca0Si02
80000 : ¥ 3Ca0ARO3
> V 4Ca0A203Fe203
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w
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Fig. 1 XRD result for Research cement
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Fig. 2 Particle size distribution and cumulative passing rate of
Research cement

Table 2 ISO sand grain size cumulative distribution

Square mesh size(mm) Cumulative retained(%)

2.00 0

1.60 745
1.00 3345
0.50 6745
0.16 87+£5
0.08 99+1
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Table 3 Mix proportions
W/C W C Cs S

PC00 46 -
PCI2 40.4 5.6

46 100 -
PC23 34.7 11.3
PC46 23.5 225
MCO00 46 -
MCI12 40.4 5.6

46 100 200
MC23 34.7 11.3
MC46 23.5 22.5

* W : water, C : research cement, CS : CNT solution, S : ISO sand
* PC12, MC12 : mixtures with 0.115 wt% of CNT/Cement

VEHE 0.2%
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Fig. 3 Compressive strength results for mortar specimens
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Fig. 4 Flexural strength results for mortar specimens
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Table 4 Bulk density and total porosities for the mixtures

Bulk Density(g/mL) Porosity(%)
7D 28D 7D 28D
PC00 1.78 1.80 26.6 19.4
PCI12 1.50 1.79 242 20.1
PC23 1.44 1.70 30.7 254
PC46 1.40 1.61 31.0 29.0

m PCO0-7D

mPC12-7D
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Fig. 5 Pore size distribution for paste mixtures at 7 days
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Fig. 6 Pore size distribution for paste mixtures at 28 days
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Table 5 EDS results from SEM image

Chemical compositions(mass%o)

Ca Si Al (6] C others
1 22.7 9.3 1.8 50.6 11.4 4.2
2 40.3 1.2 0.9 50.9 44 23
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Fig. 9 Thermogravimetry analysis for PC00 and PC12

Table 6 Ca(OH), and CaCO; contents in PC00 and PC12

PCO0 PCI2

Ca(OH), CaCo; Ca(OH), CaCoO;
7D 162 1.6 17.0 23
28D 17.9 27 203 2.7
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