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Synthesis optimization of CNTs@glass beads core-shell material by microwave radiation

and piezoresistive sensing performance of its reinforced cement-based composites

ZHU Xiatong', LUO Jianlin™?*, GAO Yibo', TAO Xuejun', YUAN Shike', FENG Chao'
(1. School of Civil Engineering, Qingdao University of Technology, Qingdao 266520, China; 2. Marine Environmental
Concrete Technology Engineering Research Center of Ministry of Education, Qingdao 266520, China)

Abstract: In this paper, carbon nanotubes (CNTs) were grown in situ on the surface of glass beads using a
microwave radiation method, resulting in the synthesis of CNTs@glass beads core-shell material (CNTs@Gb). The
properties of CNTs@Gb were optimized through a combination investigations of microscopic morphology, infrared
spectroscopy, thermogravimetric analysis, Raman spectroscopy and conductance measurements. Secondly,
CNTs@Gb reinforced cement-matrix composites (CNTs@Gb/C) were prepared by incorporating the optimized
CNTs@Gb into cement matrix, and their mechanical and electrical properties and piezoresistivity were system-
atically evaluated. The results show that when the ratio of microbeads to pyrrole is 3.3 : 1, the well-coated
polypyrrole (PPY)@Gb is obtained, the ratio of PPY@GD to ferrocene is 1 : 1.5, and the performance of CNTs@Gb is
the best after 50 s microwave treatment. The 28 d flexural, compressive strength of CNTs@Gb/C at 2.5% CNTs@Gb
mass dosage are increased by 10.3% and 6.8% compared with the blank group, and the direct current (DC) resisti-

vity, alternating current (AC) resistivity at 100 Hz are decreased to 9.3 kQ-cm, 5.89 kQ-cm, which are 77% and 84%
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lower than that of the blank group, respectively. Under variable rate cyclic loading at rates of 1 kN/s, 2.5 kN/s, and

5 kN/s (0—15 MPa amplitude), the average resistivity rate can reach 76%, with the highest stress and strain sensiti-

vity reaching 5.57%/MPa and 13.2%, respectively, which have excellent sensing performance. It is favors to develop

CNTs@Gb/C as high-performance intrinsic sensors applied in structural health monitoring.

Keywords: cement-based composites; microwave radiation method; CNTs@glass beads core-shell material; self-

sensing performance; in-situ synthesis
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Table 1 Chemical composition of P-II 52.5 cement and glass beads (Gb) (%)

Sample Sio, Ca0 MgO Al,O4 Fe,03 Na,O TiO, K,0 S03/S0, Other Loss
P-I152.5 24.99 51.42 3.71 8.26 4.03 0.33 — 0.82 2.51 3.93 3.35
Gb 34.96 26.63 1.31 28.36 3.72 0.603 1.18 0.748 1.91 0.579 1.32
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Fig.1 Schematic microwave radiation synthesis of carbon nanotubes@glass beads core-shell material (CNTs@Gb)
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2 CNTs@WIkigE/KBEEEAH# (CNTs@Gb/C) BB &Lt (kg/m®)
Table 2 Mix ratio of CNTs@glass beads reinforced cement-matrix composites (CNTs@Gb/C) mortar (kg/m?)

Sample w/C Cement Sand Water Superplasticizer CNTs@Gb Gb

PC 0 100

0.5%CNTs@Gb/C 13.51 91.49
1.0%CNTs@Gb/C 0.4 900 1215 360 35 27.03 82.97
1.5%CNTs@Gb/C 40.54 74.46
2.0%CNTs@Gb/C 54.05 65.95
2.5%CNTs@Gb/C 67.50 57.48

Notes: W/C—Mass ratio of water to cement; PC—Plain mortar; In specimen number, 0.5%, 1.0%, 1.5%, 2.0%, 2.5%—Mass fraction of CNTs
by mass of binder.
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Fig.2 Electrode layout and size specification diagram (a) and self-sensing test device picture (b) of CNTs@Gb/C
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Fig.3 Real images of Gb (a), PPY@GDb (b), CNTs@Gb (c); SEM and EDS images of Gb (d), PPY@GDb (e), CNTs@Gb (f)
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Table 3 Comparative analysis of the piezoresitivities of
CNTs@Gb/C and other CNTs-based cement sensors

Piezoresistivity index
Type Ref.

Ap/%  Sg/(%-MPa™) S,/%
CNTs@Gb 76 5.57 13.2 This paper
CNTs/NCB  22.1 2.76 6.8 [9]
CNTs 578  1.56 1.2 [10]
CNTs@Cem  48.9 4.89 — [37]
MWCNTs/SA  6.98 1.16 — [38]
CNTs-CF 1523 423 — [39]

Notes: NCB—Nano carbon black, MWCNTs—Multiwalled
carbon nanotube; SA—Sand; CF—Carbon fiber; Cem—Cement.
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