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Abstract: The multi-walled carbon nanotubes (MWCNTs) and anatase nano-titanium dioxide (NT) are excellent

fillers for the preparation of self-sensing cement-based materials. Moreover, compared with ordinary Portland
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cement, sulfoaluminate cement has the advantages of low carbon, corrosion resistance and rapid strength develop-
ment, and the cement-based material can obtain more stable self-sensing performance when used as a matrix.
Therefore, this paper prepared sulfoaluminate cement mortar specimens using NT and MWCNTs in either single-
addition or double-addition form. Then, the effects of different conductive fillers on the mechanical properties,
electrical properties and self-sensing properties of the sulfoaluminate cementitious composites were studied at 3 d
curing, and the mechanisms were analyzed by SEM-EDS. The results show that the early mechanical properties of
sulphoaluminate cementitious composites were significantly improved by adding NT. Compared to the control
group, the compressive strength, flexural strength, splitting tensile strength, and compressive toughness of the
cementitious composites with NT increased by 28.36%, 10.67%, 47.76%, and 9.53%, respectively. The single-
addition of MWCNTs has the most significant effect on improving the conductivity. Compared with the control
group, the direct current (DC) resistivity and alternating current (AC) resistivity at a frequency of 100 kHz
decreased by 46.91% and 63.87%, respectively. The double-addition of MWCNTSs-NT has the most significant effect
on improving the self-sensing properties of the sulfoaluminate cementitious composites. Compared with the
control group, the maximum fractional change in resistivity, stress and strain sensitivity of the sulfoaluminate
cementitious composites with MWCNTs-NT under monotonic compression load and splitting tensile load
increased by 235%, 211%, 313%, and 44%, 65%, 648%, respectively. SEM-EDS showed that in terms of compactness,
the mortar with NT> control group> mortar with MWCNTs-NT > mortar with MWCNTSs, and in terms of the sensiti-

vity of conductive network changes, the mortar with MWCNTs-NT > mortar with NT > mortar with MWCNTs.

Keywords: carbon nanotubes; nano-titanium dioxide; sulfoaluminate cement; mechanical properties; self-

sensing properties
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Table1 Physical properties of low alkalinity sulfoaluminate cement

Stabil Setting time/min Flexural strength/MPa Compressive strength/MPa Special surface
tability ~
Initial setting time Final setting time 1d 1d area/(m*kg™)
Qualified 25 30 6.30 36.20 420
R2 ZEHBRMKE (MWCNTs) WS
Table 2 Physical properties of multi-walled carbon nanotubes (MWCNTs)
Outer diameter/nm Inner diameter/nm Length/pm Special surface area/(m*g™") Purity/% Color
30-80 5-15 <10 >60 >95 Black

(a) MWCNTs

150 nm

(b) Nano-titanium dioxide (NT)

1 JFEAR SEM R

Fig.1 SEM images of raw materials

1.2 &5 GFH&

Z W WA FE AT, $8 A 3.69v0l% MWCNTSs-
NT &2 4 S HHUR (MWCNTs : NT Jfif# H ol 10 : 90)
RE 1% 2 32 T3 8 R R R K R AP K R i
BT, A ARYESME R FaR R K

ESMEHIEE G L, 24 MWCNTs-NT & & 5 L 20k
K45 12 3.69vol% I it Xt i ) MWCNTSs il NT
B4 12 43 9N 0.67vol% Fl 3.00vol%., 7 iR 46 % i
Bl & 2 3 B o A6 i SR FH A6 0 £ ML A 7K
e HEAL, HARE & AR an 14 2 Fs .



TRAZINGE BB/ B R AR FI K AL R IR ER K IR A R 1 2 5 A IR R R e - 2051 -
*3 WEERIKREESHEEAL
Table 3 Mix proportions of sulfoaluminate cementitious composites

Number Cement CTFA Water MWCNTs/vol% NT/vol% Superplasticizer/wt%

COTO 1 1 0.40 0 0 0

COT1 1 1 0.40 0 3.00 0

C1To 1 1 0.40 0.67 0 2.00

CIT1 1 1 0.40 0.67 3.00 2.00

Note: CTFA—Ceramic tile fine aggregates.

MWCNTs

@@

>
Superplasticizer 3
- 4

Process for 10 min
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C
Wator ‘ ement ‘

Stir 60 s at low speed, then
stir 30 s at high speed

MWCNTs
/ dispersions

‘ NT ‘

Stir 120 s at low speed, then
stir 30 s at high speed

\ 4

Mechanical property specimens

Electrical property and varistor
property specimens

Put into oiled molds snd
shaking 20 s

2

5

Stir 120 s at low speed, then
stir 60 s at high speed

€2 BRARME KRR BT R R A AR

Fig.2 Fabrication process of sulfoaluminate cementitious composites
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Fig.3 Loading diagram of piezoresistivity test for sulfoaluminate cementitious composites
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Fig.4 Strength of sulfoaluminate cementitious composites with different types of conductive fillers at 3 d curing
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Fig. 6 Direct current (DC) electrical resistivity of sulfoaluminate cemen-

titious composites with different types of conductive fillers at 3 d curing
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at3d curing
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Fig.8 Relationship between stress/strain and resistivity change rate (A p ) of sulfoaluminate cementitious composites

with different types of conductive fillers under monotonic compressive load
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Fig.9 Self-sensing performance index of sulfoaluminate cementitious composites with different types of

conductive fillers under monotonic compressive load
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Fig. 10 Relationship between stress/strain and resistivity change rate of sulfoaluminate cementitious composites

with different types of conductive fillers under split tensile load
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Fig. 11 Self-sensing performance index of sulfoaluminate cementitious composites with different types of conductive fillers under split tensile load
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Fig. 12 SEM images of sulfoaluminate cementitious composites with different types of conductive fillers at 3 d curing
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Fig. 13 Dispersion degree of MWCNTs in sulfoaluminate cementitious composites
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Fig. 14 SEM images and EDS surface scanning results of sulfoaluminate cementitious composites with different types of conductive fillers at 3 d curing
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