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Heating Transferring Charcteristics of Cement Mortar Block with Waste

CNT and Conduction Activator
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High-purity waste CNTs were mixed into cement mortar to manufacture heat-generating concrete that can use low voltage
power, and carbon fiber and waste cathode materials were also used improve the conductivity of the mortar. The waste
CNTs were analyzed to have a high concentration of multi-walled CNTs, and substituted liquid type waste CNTs were used
during mortar mixing in order to increase dispersibility. The temperature change of the mortar with CNT was evaluated
when using electric power below DC 24 V in order to utilize a small self-generation facility such as small solar power
module when the mortar heats up and to minimize electromagnetic waves. When liquid-type waste CNTs were applied and
a voltage of DC 24 V was introduced, it rose to 60 °C in a 200 x 100 x 50 mm mortar block specimen. The field
applicability of self heating mortar with waste CNT was sufficient and also the amount of change in heat energy in mortar
with liquid type waste CNT, carbon fiber and waste cathode materials is more effective compared to it of other variables.

JIRE : OIEE, HCNT, HE=M, BAdR, NS

Keywords : Self-heating, Waste carbon nanotube, Waste cathode agent, Carbon fiber, Low voltage

1. M2

52 A8, HEA 3 AR S5 (Pl 2R =0
24210] @7E0) 2t MSMO! ZaalE0 £711 TI5S B
57| 9I8t CI2¥et FT0| O|0{X|D it S5 Hetwol Z5al
0 EAO| S BUSHO! AT 7|52 e AEE
S8lE = MEN I ENS MR THY U R
T} R E32|E 2 HLFNAF S HRE0| 20| ZelD

(Chang et al, 2009; Chu et al, 2014; Karademir 2019; Lee et
al, 20W)_ E5| EIALIL-EHO| Jigin} SH20| SHEHK|D, AAH|
SotEoll 2t 012 232|E0] 2856t sh= ATE

mgeis f(Gorms et al. 2015; Lee et al, 2018), Kim(2014)&
£ DEE20| 286t 2 S4E FUIRICH £
FAMAIZ17] QI TEXIE MX2| et Wrap type CNT

oolI

(Z)5}0|m= CHE (Hypercon Co, Ltd,, Gyeongnam, 52828, Korea)

F 28k SWCNT(Single walled carbon nanotube), MWCNT(Multi
walled carbon nanotube)S ZZ2Ef=0 =&ct Aup Mx{2|
WCNT= Z4J0] O HOo{X|1, SWCNT= ZH[&0l 27t R4
OB, MWCNT= 25 % OAO| N ZE=7} SIXs| BoX|= o2
BAME|CE Oh et al (2017)2 MWCNTE S2hH| 0.2 %2t 0.5
IS Om, ONT &71Z0| &

=

= o

A5iL, 912 0|20z HAZ0[ K0
=

o2
terE 28Y 4= Y AESS 2N
1, CNTZt 318t80] 37 e DIXIX= Y= A2 AEme
2 2MGIHCE Liu et al(2015)2 DAE2 F= 25 Sx2 gl

AL ZEEAIAO MET 4 U= YA 0| E8ot| fI5te EtA
Lt S(CNF) #aa|§ 250 AC 50~150 V Fto =z gr
NS Algdeto 29 10 °Co 2 N2 2= AHE SHE
IHestoict

Z32|E0f €2 1717] YfehM= HITEAHQ! AHE HIE

SHAHSt AASAESnt 4 (Hankyong National University, Gyeonggi, 17579, Korea)

SAMZRINSHT AMA|ABITSHIL W4 (Department of Civil and Infrastructure Engineering, Gyeongsang National University, Gyeongnam, 52725, Korea)

Copyright (© 2022 by Korean Recycled Construction Resources Institute

This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited

176



HICNTRt MESZITHE S AlHE R2El2 229 WY dx

Jm
0x

2 dieheto2 M L Msk= E(Joule)E2 7t86k= 717t
& YA F Fig, 10F 22 MU0 Qg 7RI EIIE Al e
FI2|E0| A =CHPark et al, 2018; Zhao et al, 2011),
==} =]

(a) 5,000 x magnification (b) x 100,000 magnification

Fig. 2. SEM images of waste CNT powder
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Table 1. Types and characteristics of anode active materials

Graphite

Low crystalline

Artificial

Natural

carbon Rl

SEM images

Capacity (mAh/g) 270~360 360~370 235~315 700~ 1000
Surface area (m/g) 1 3~8 2~5 -
Frergy density (Whice) 2.02 1.99 1.07 2.13<
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Fig. 5. Waste liquid CNT(0.5 %) in cement mortar
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Fig. 4. Waste CNT powder in cement mortar
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Table 2. Mix proportion of cement mortar for deicing concrete
W/B W C S Waste CNT (g) Stimulant (g)
(%) (9] (9] (8 Powder Liquid Carbon fiber | Waste cathode
WC-0.5(L) 552.0 - 2.8 - -
WCCF-1 552.0 - 2.8 2.8 -
WCCF-0.5 552.0 - 2.8 14 -
WCCM-10 46% 127.0 276.0 496.8 - 2.8 - 55.2
WCCM-5 5244 - 2.8 - 27.6
WCCMF-0.5(L) 524.4 - 2.8 1.4 27.6
WCCMEF-0.5(P) 5244 2.8 - 1.4 27.6
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Fig. 6. Compressive strength of cement mortar with waste CNT,
waste cathode material and carbon fiber
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Fig. 8. Temperature change of cement mortar with waste CNT
powder due to electrical supply(150 x 100 x 50 mm)
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Fig. 9. Thermal images of cement mortar with waste CNT
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Fig. 10. Temperature change of waste CNT specimens(150 x 100 x
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Fig. 12. Thermal images of cement mortar with waste CNT

HCNTRH MEZLHE Yt AE P22 259 2 HE £y

4o| 220]= DC 12 VOIME Z|CH 53.8 °C 7HK| AlLs10] QAL
BAHEIF B2 702 LI ML DC 24 V Z2Al0l=
BY G5 G5 60 CURI7IX] B7I6IeH, RE &&
5E~A02 L= ZAst
Ch Fig. 1201= AldA| ZHO

I_

Hox ¢
iE
—.—w

_O'ﬂ
2
Q

0 0z XL & 1o b 12
Ao
2
N
o ‘Hﬁ
oo
o =
i &
> o
;l:| _||>{'
in
o 02
% )
S I=

_
|' o
L
N
ol ET
g A
Tl
Do =
o 1o
ai

ol
- g
H
N
Hir
ro
Y
|0
Hu
i
o .
<
|0
=
o
I
H
R
o
i
Bl
o
Q'E

5] e —8— WC.0.5(L) DC24V
Ay —s— WCCF-0.5 DC 24V
--#--WCCM-3 DC 24V

Rate of heat energy change (J, =10%)
=
-
S

0 20 40 60 80 100
Time (min.)

(a) WCCF and WCCM specimens(size 150 x 150 x 50 mm)

250 —e— WCCM-3 DCI2V
200 —m— WCCM-5 DC24V
--e--WCCF-0.5DCI2V
==3=--WCCF-0.5 DC24V

Rate of heat energy change (), =10%)

] 20 40 60 80 100
Time {min.)

(b) WCCF and WCCM specimens(size 300 x 300 x 70 mm)

—e— WCCMF-0.5(L) DC12V
—8— WCCMF0.5(L) DCAV
== WOCMF-0 3(P) DC12V
150 - ===+ WCCMF-0.3(F) DC24V

Rate of heat energy change (J, =10%)

0 20 40 60 80 100
Time (min.)

(c) power and liquid typed WCCMEF specimen(size 300 x 300 x 70 mm)

Fig. 13. Thermal energy change rate of mortar

S idaatxtEstsl

=27 2022 62 181



41
el
1]
oM
Ho
o
to
Ol
Iz

fob

ng M

Fig. 1301 Melstict, M7t EUE Z2EF29| 20X
2H(Q) HEI2 Mo|5IHon, DEEZ 0| P D2EH=2Q

=

= e
Y
o
Im
1o
o]
=
Rall
ro
o
(@]
_
~
-~
©O
(@)

|0
fital
)
ol
=)
z
por
el
E
bal
oY
[0}

= =
oF OliX| Halgs LEHAUCE S0 SetHal=

>

e
S0 Z2 Hmt Ea 8
Al O|F0RCn, BadRel HS=SHE
H0] O] Halrt 7k 341 = Al
1= OfLIX|He} Eot =7 Fells Aoz AU

HIT Ol

U 1x X 02 oR
ro
ol
ﬂ
2
ro
|_|-|
>
N
Ral

o]
=z
=
o
ol

ro

o
(@}

4.2 2

HCNTRF M= SRl HAMR HS2MHE =R 22 o
Efel AHIE DEEI2 AIRRIE KA
HMBE S22/ ot Had 2 HE SHoIRLCY,
1. MIH= ME SE8AS MAMT ZAMAS T8i5H Stainless
SoIYCM, ESHA 0[0fX|of| LIEF Zdxt 20|
Xt

X 52 7102 BAEl] 20| Sas

of 257} hEEI} =2 HOoR L, MEEzIKtel £20)
ATl 2{02 WTHEIC}

4 E2E2 2017| Y5101 EANRR} HESINE BT 23
B2 BMEE 5 4 s UNE BATIS B3t 2]
SuHEQI 2102 Ukt

5. AF PEETY HES Yshs MRS F7IMOE T 4
QU= RIoYRIIf A0 MHEAH} AR B2 bixfE
3 2H2iHol Ao TRt Hoz WEre

Conflicts of interest

None,

182 vol. 10, No. 2 (2022)

AL 2

0| =22 BEUENS|STEY BENSILEATN
O4(22CTAP-C164040-02)2] H47H| X|RI0f OJ5td ARzt
0, MXE2 ool ZA=~LCt

References

Chang, C, Ho, M., Song, G., Mo, Y.L, Li, H, (2009), A feasibility
study of self—heating concrete utilizing carbon nancfiber heating
elements, Smart Materials and Structures, 18(12), 127001,

Chu, H,, Zhang, Z, Liu, Y., Leng, J. (2014). Selt-heating fiber
reinforced polymer composite using meso/macropore carbon
nanotube paper and its application in deicing, Carbon, 66,
154-163,

Gomis, J,, Galao, O, Gomis, V., Zornoza, E., Garcés, P, (2015),
Self—heating and deicing conductive cement, Experimental study
and modeling, Construction and Building Materials, 75, 442—449,

Karademir, C. (2019). The electrical heating performance of
multi-walled carbon nanotubes(MWCNT) reinforced mortar,
Journal of Material Sciences & Engineering, 8(2), 1000519,

Kim, S.K. (2014). An Experiment Study on The Characteristics of
X-Ray Shielding In Carbon Nano Tube Mixed Concrete, Master's
Thesis, Hanyang University [in Korean],

Koo, H, Kim, WH, Oh H, (2022), Fundamental study on the
strength and heat transferring charcteristic of cement composite
with waste CNT, Journal of the Korean Recycled Construction
Resources Institute, 10(1), 66—73 [in Korean],

Labulo, AH, Martincigh, B.S,, Omondi, B., Nyamori, V.0, (2017),
Advances in carbon nanotubes as efficacious supports for
palladium—catalysed carbon-carbon cross—coupling reactions,
Journal of Materials Science, 52(16), 9225-9248,

Lee, HY., Kang DH., Song, Y.M, Chung, W.S. (2017). Heating
experiment of CNT cementitious composites with single—walled
and multiwalled carbon nanotubes, Journal of Nanomaterials,
2017 Article 1D 3691509,

Lee, HY,, Song, YM, Loh, KJ, Chung, WS, (2018). Thermal
response characterization and comparison of carbon nanotube—
enhanced cementitious composites, Composite Structures, 202,
1042-1050,

Liu, Y., Lai, Y., Ma, DX (2015), Research of carbon fibre grille
reinforced composites in airport pavement snowmelt, Materials
Research Innovations, 19(sup10), 49-54.



HICNT2}

Oh, S, Oh, KS, Jung, SH.,, Chung, W., Yoo, SW. (2017), Effects
of CNT additions on mechanical properties and microstructures
of Journal of the Korea Institute for Structural
Maintenance and Inspection, 21(6), 162—168 [in Korean].
Park, S, Lee, H, Chung, W. (2018), Experimental study on voltage

supply efficiency of nano cement composite for prevention of

cement,

im
0x

road icing, Journal of the Korean Society of Hazard Mitigation,
18(6), 221—228 [in Korean],

Zhao, H, Wu, Z, Wang, S, Zheng, J., Che, G. (2011). Concrete
pavement deicing with carbon fiber heating wires, Cold Regions
Science and Technology, 65(3), 413-420,

HICNTS} ME=XIR|E

H

()

wxie] Ar%m Tt
[NI717] I5tod
CNTS| BiRE0| B2 oz

=Tz )N EHOFI'_F 501 [e]

oo
==

SEA
o

O

o
El
g
2
fol
=
7
o
_“L
I
m
s
ful

1T HONTE 226, REE[29| M
SHESIIX} I AFEE HICNT= CHEH
t5104 ARSI 22K}
olatel o= AEAL
00 X 100 X 50 mm
b Z20i= DC 12 VOIIM=
f0ll AOIM= CHE HaS0t

ol

<

=2z o022 62 183





