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Effect of freeze-thaw cycles on thermoelectric properties of expanded graphite-boron-
doped carbon nanotubes/cement composites

WANG Taotao , WEI Jian", HUI Jiawei , GUO Yupeng , ZHANG Siqing , ZHANG Yanbin , QIAO Xinyu
(College of Materials Science and Engineering, Xi'an University of Architecture and Technology, Xi'an 710055, China)

Abstract: Thermoelectric cementitious composites using temperature difference power generation can realize the
mutual conversion of thermal and electrical energy to reduce urban environmental temperature and resource
consumption, but the low efficiency of thermoelectric conversion and vulnerability to environmental impact have
restricted its large-scale application. To address this issue, this study proposes the addition of highly conductive
expanded graphite (EG) to boron-doped carbon nanotubes (B-CNTs) with high Seebeck coefficients to improve the
overall power factor of cementitious composites by the synergistic effect of multi-scale hybridization of B-CNTs and
EG. The power factor of the cementitious composites was improved by 10 times to 1.49 uW-m™."C~* compared with
that of the cementitious composites without the addition of expanded graphite. The EG-B-CNTs/cement
composites after freeze-thaw cycling result in increased porosity and the presence of moisture, which introduce
high-density defect interfaces such as solid-solid and liquid-solid, resulting in an increase in carrier scattering
intensity and an enhanced Seebeck coefficient for freeze-thaw cycling of cement matrix composites. The power

factor of 10.0wt%EG-5.0wt%B-CNTs/cement composite is 1.54 yW-m™."C? when freeze-thaw cycles are performed
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15 times. The research in this paper provides a theoretical basis for improving the performance and environmental

conditions of thermoelectric cement matrix composites for future viable applications.

Keywords: boron-doped carbon nanotubes; expanded graphite; freeze-thaw cycles; cement-based composites;

thermoelectric properties
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Table 1 Material composition of expanded graphite (EG)-boron-doped carbon nanotube (B-CNTs)/cement composites

Sample EG content/g B-CNTs content/g Cement content/g
5.0wt%B-CNTs/cement 0.0 1.0 (5.0wt%) 20.0
5.0wt%EG/cement 1.0 (5.0wt%) 0.0 20.0
5.0wt%EG-5.0wt%B-CNTs/cement 1.0 (5.0wt%) 1.0 (5.0wt%) 20.0
7.0Wwt%EG-5.0wt%B-CNTs/cement 1.4 (7.0Wt%) 1.0 (5.0wt%) 20.0
10.0Wt%EG-5.0wt%B-CNTs/cement 2.0 (10.0wt%) 1.0 (5.0wt%) 20.0

KT B T2l & ok D ka4 o
WE 1 FTR . KIRA TS R RHE A KL (10 mmx
10 mmx40 mm) 1 J& il . 7 40 MPa J& JJ T & &
2min, B KRR T AE 95% FH IR BE N T 57
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KA . PR RE S E T 60°C BOMLAS T4 240, T
JE (R 7K U 3 B A5 4 RE RS A0 R 40D 48T s 2 i
EBRIKIE G A MR R KA

Functional @ Grinding after mixing
+
filler "' &
+
Cement

Curing in air
(% for 24 h

J = EEEE
#§ Drying at : S
60°C for 24 h -

L

Maintenance in Stripping

water for 72 h
B 1 KRS SRR & TR R
Fig.1 Schematic diagram of the preparation process of

cement-based composites
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Table2 Changes in mass of cement specimens immersed for different time before freeze-thaw cycles

Changes in mass of cement specimens/g
Sample

Oh 8h 16h 24h 32h 40 h 48 h
1 7.766 8.636 8.639 8.640 8.639 8.640 8.640
2 7.712 8.897 8.899 8.899 8.890 8.892 8.891
3 7.896 9.140 9.141 9.141 9.142 9.144 9.145
4 7.643 8.731 8.734 8.736 8.738 8.737 8.738

Note: Samples 1, 2, 3, 4 represent 5, 15, 25, 35 freeze-thaw cycles, respectively.

1

~—=——== Freeze-thaw
Surface and internal |

pores are fully wet
B2 URE R R s R

Fig. 2 Freeze-thaw cycle experiment process diagram

L o I0RE T 0t 10 mm ) B 5 Ak P 4 £ 4 %
RS589 P A T3 8 i 3R A I K e A 1E 1
L2

Heat sink

—

‘ 20.0 mm ‘

Silver paste

Thermocouple (cold end)

Thermocouple (hot end)

Heating plate

V—Potential at both ends of the cement sample
3 TKVRIEE AR R e R e e ™)

Fig.3 Schematic diagram of thermoelectric testing device for cement-

based composite materials®®”
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B PR i 3 25 A8 b, T KR AR R )
KU FE P i 1 em AR BE AR A i RO SR A/
YIH 24t (Agilent 34972A 1 34901A) 52 i R A AE b
A B A T B R L BELAE A
K U8 3 B A B BHRY Seebeck 22 KU HA, 5 R T
FE AR R .

2 #RE5e
2.1 EG-5.0wt%B-CNTs//KiE & &M BHRHME

5 4(a) N 5.0wt%B-CNTs//K I8 3t &8 & # K 1y
SEM [&{% , ] LA %Z %] B-CNTs 5 7K Je /K 1k 7= 9
254 . K A(b)~# 4(d) A A Al EG & & 1Y EG-
5.0wt%B-CNTs//K Jfe 3£ &2 & #1 KL i) SEM B %, W
SF|, Zad 87 Y)Y s AR EG 43T K IR
HEGMEY, LKA ETE EG . B
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2 pm

K4 A EG % i) EG-5.0wt%B-CNTs//K J8 42 & 41k SEM % :
(a) 0.0wt%; (b)5.0wt%; (c)7.0wt%; (d)10.0wt%
Fig.4 SEM images of EG-5.0wt%B-CNTs/cement composites with
different EG contents: (a) 0.0wt%; (b) 5.0wt%; (c) 7.0wt%; (d) 10.0wt%
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Fig.5 Compressive strength (a) and porosity (b) of EG-5.0wt%B-

CNTs/cement composites as a function of different EG content
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