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Evaluation on the thermoelectric energy harvesting performance of multi-walled carbon
nanotube-embedded alkali activated slag composites

Park, Hyeong-Min * Yang, Beomjoo

Abstrac : The thermoelectric characteristics of alkali activated slag composites containing multi-walled carbon
nanotubes (MWCNT) was investigated in the present study. Three different MWCNT contents and exposed
temperatures were considered, and their thermoelectric-related properties and internal structures were analyzed.
It was found that the alkali activated slag composite with MWCNT 2.0 wt.% and the exposed temperature of
150°C were the optimal condition to obtain the highest Seebeck coefficient and power factor. Based on the
feasibility study, the extended size thermoelectric module with 130 elements was fabricated, and tested the
electricity production capacity. Consequently, the present thermoelectric module produced 30.83 pyW of electricity

at A 7=178.4°C.
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1. M2 P Aok =3I A L A 2L YA
4% (Energy harvesting) AA+%= w8 89 o
8 HZ 43 Ad AFEo JPFH A
LEd Ay dedy gEo] 247t~ HE (Nam et al., 2011; Kim et al, 2014b; Ghosh et
2 Qg 7|EAs) R A=Y EAE al., 2019; Cai et al., 2020).

A2 glom, oo Uig A+ F U}Eﬂ ZEAE AWMEE HAAEokAA 7 de
of MAZQ w=¥o] HFH AE}. g7 & & e ABRE, 1B AL F oF 159 o]itg
A7V 2~9 F7teE 7124, AEA tﬂfﬂr oL X}"ﬂ g Wl EASE AAEIT o, o= A AA
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£ola glon, FAo 37 EAo HJAAHES 3 7b A AAAez &3 A dd (Lee
A3st7] 918 gAVF A &EH o2 =oyxa and Lee, 2013; Lee et al, 2013; Lee et al,

o]} 13%01 H A BokdAe gagst 2014). &7 A4 AHEE 349 A7, wE
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(Kim et al., 2018; Nam et al.,, 2012; Kim et al, AL &3 olatgElA wE AL S &

2014; Kim et al, 2017a). @42y FH} e #ZE 71N Ut
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nE F2EHY] FRATE 52 dggo] 4 4 Ed BdAR 7H‘?—-lr 1 EAS FPsAnt
=™ (Kim et al., 2017b; Park et al., 2018), th dutA o g AAARE TANAEA D AIA
®Ho=w zAypEd, AT AdH, BUEA T E4E Ad v &80 FoAH, & &&= A
kg 7isdel FrtE A7 ALHoR ol AY F v WAl ?E.Wﬂ L9 7]
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2= Park et al. (2019, 2020) A =333+ A4}
£ EU=Z, "g42YxFH (Carbon nanotube,
CNDE &9 - &4 &2y 24 €41 5
A= (Alkali activated slag composite, AAC) 7}
AHg dAAs TR = 7402 oA &= A
o, oo gt 7| 2AY AFE FHI
AEY 714 ARE & ﬂio}ﬂ st &
A= FHolA A A7 F Fﬁ';él(“"
= 9 985%)9 = SRR
(Multi-walled carbon nanotube, MWCNT)E =
A dyz Fgstgtt =3 Axd EFARY
Ags SAHs7] S8l 2-zZ2E fxd "EH
EHE ALg3t9 o, ZEM-3 ZAH]E o] &35t &
=¥ AVIAEXE, Seebeck coefficient, Power
factor 2 EHEES HUISAY. ooz F
/\}de}?iu] (Scanning Electron Microscope,
SEM)& &83te] AACH &4F MWCNT =

2] A% 2 AW hRTEE Ssgh

2. l% 7:“.2[
21 M2 2 AH A=

dze g4 sda EFAE (AAC,  Alkali
activated slag composite)& #|=3t7] 9131 &
AFA AHEE As P wigHlE Table 1 #
2t \Rjlyg A2 AHE" £d1 (Ground
granulated  blast  furnace  slag; GGBS,
Hyundai-steel, South Korea)$}  Z&}o]ojA
(Handong thermal power plant of Korea
Southern Power Co., Ltd., South Korea)= 1:1
Hg2 &3, Y2382 MWCNT (Jeno
Tube 8 ©, JEIO Co., Ltd., South Korea)E ©]-&
sto] A/ AT HofstEch =, vl A
29| 3ehrs-S F=3l7] 98 sodium silicate
(Duksan Chemicals Co., South Korea; Na20:
9.2%, Si02: 33.3%, H20: 57.5%)<} sodium
hydroxide pellet (Duksan Chemicals Co., South
Korea)S &33lo] silicate modulus 1.1 o sj2

Table 1. Mix proportion of electrified alkali

activated cement paste to be used for the
rpesent study (g)
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Figure 1. A schematic of the mixing procedure of
MWCNT-reinforced alkali activated cement
composite
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Figure 2. Electrical resistivity results of

MWCNT—incorporated AAC composite according to
the curing temperature

Table 2. Electrical resistivity (2 * cm)

cseo A C-1.0 C20 C-30
Temp. 100 °C 821 568 364
Temp. 150 °C 18.46 7.61 407
Temp. 200 °C 15.92 6.51 262
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Kim et al., 2018).



Figure 3. Exposed temperature dependent electrical conductivity,
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Figure 4. SEM micrographs of MWCNT—-incorporated AAC composites
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Figure 5. A schematic design of the
thermoelectric module with MWCNT incorporated
AAC composite
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