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Abstract

Smart structural composites are multifunctional structural materials which can perform functions such as sensing strain, vibration reduction and
are essential because of their relevance to mitigation and structural vibration control. Cement-based piezoelectric composites have been developed
as smart structural composites. The goal of this work is to produce cement-based piezoelectric composites using lead zirconate titanate (PZT) and
Portland cement (PC) with xPZT—(1 — x)PC (where x = 0.3, 0.6 and 0.9). The composites were pressed together and cured in 100% RH curing
chamber for 3 days before measurements. Dielectric constant (¢;) at room temperature and piezoelectric coefficient (ds3) of the 0-3 piezoelectric
PZT-Portland cement composites with different PZT content were investigated. The results show these composites have ¢, and ds3 values of up to
536 and 87 pC/N, respectively, and there is a good potential for the application of these cement-based piezoelectric composites in civil engineering.
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1. Introduction

In the recent years, the interest in cement-based piezo-
electric composites has grown rapidly with the demands from
new application such as structural vibration control which has
always received considerable research attention by the civil
engineering community [1]. In addition, the sensor suitable for
application in the field of mechanical engineering but cannot be
simply transplanted into the civil engineering application.
Thus, a new kind of sensor should be developed for civil
engineering application [2,3].

Lead zirconate titanate (PZT) is a solid solution of lead
zirconate and lead titanate which has good piezoelectric
properties and used in a variety of applications such as sensors,
actuators and transducers [4,5]. In 2002, PZT-cement
composites of 03 connectivity were fabricated using a normal
mixing and spreading method by Li et al. [2] of Hong Kong
University of Science and Technology. These PZT-cement
composites can solve the mismatch problem and have a slightly
higher piezoelectric strain factor than 0-3 PZT-polymer
composite with a similar content of PZT particles. These
new PZT-cement composites will play important role in all
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kinds of civil engineering structure in order to make it
intelligent where the composites have potential to be used for
sensor applications [2,6,7].

While Li et al. [2] investigated the paste method at 50 and
70 vol.%, a pressed method has also been reported by Huang
et al. [8] in producing PZT-cement-based composites using
PZT up to 85% by weight (=70 vol.%) where the composites
were dry pressed rather than mixing together as paste. Very
recently, it was reported that the particle size of PZT has an
effect on the dielectric and piezoelectric properties of the
composite where a median particle size of 620 pm was found to
give better dielectric and piezoelectric results compared to
previous reported works [9]. In this study, a pressed method was
adopted similar to the method used by Huang et al. [7], and PZT
of 620 wm was used to produce 0-3 connectivity PZT—cement
composites. Furthermore, these PZT—cement composites were
made using PZT at various compositions (30, 60 and 90 vol.%)
in order to determine the effect at low, medium and high
percentage volume of PZT on the electrical properties such as
dielectric and piezoelectric properties.

2. Experimental procedure
The cement-based piezoelectric composites used in this

investigation were prepared by two raw materials, which are
normal Portland cement (PC) and lead zirconate titanate
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ceramics (Pb(Zrys,Tig48)03, PZT). The PZT powders were
prepared by calcining lead titanate (PbTiO;, PT) and lead
zirconate (PbZrOj, PZ) at the temperature of 800 °C. Then,
PZT solid solution were pressed with an applied pressure using
uniaxial press and sintered at 1200 °C for 2 h.

PZT ceramic particles of median size of 620 wm were used
in this investigation as shown in Fig. 1. Portland cement and
PZT were mixed and axially pressed into disks of 15 mm in
diameter and about 2 mm in thickness to form PZT-PC
composites of 0-3 connectivity. PZT compositions used were
30, 60 and 90 vol.%. Afterwards, PZT-PC pellet composite
were put in curing chamber with 100% RH at 60 °C for 3 days.
Phase characterisations were carried out using a X-ray
diffractometer (XRD; Philips PW 1792 diffractometer) using
Ni-filtered CuK radiation.

Dielectric properties such as dielectric constant (g) and
dielectric loss (tan §) were investigated at room temperature
with frequency are 1 kHz using a LCZ meter (Hewlett Packard
4194A) and the piezoelectric strain factor value (d;3) was
measured using a dz3 meter (piezometer System Model PM25)
after the pellet composite were coated with high purity silver
paint and were subsequently poled in a silicone oil bath at
130 °C and a DC field applied of 2 kV/mm for 45 min.

3. Results and discussion

The XRD patterns of 0-3 lead zirconate titanate (PZT) and
Portland cement composites are shown in Fig. 2. XRD patterns
of PZT-PC composites are mainly attributed to PZT perovskite
phase (26 =22.023°, 31.387°, 38.283°, 44.917° and 55.524°)
and the intensities of the peaks increased with increasing PZT
content in composite. Furthermore, the amorphous character-
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Fig. 1. Particle size distribution of PZT used in this study.
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Fig. 2. XRD pattern of PZT-PC composites.

istics of the composites can also be observed from the broad
peak presented in the XRD patterns.

The dielectric constant (g,) results of the composites are
shown in Fig. 3 and the dielectric loss (tan §) results are given in
Table 1. The results show that with increasing volume of PZT
content, an increase in the dielectric constant was observed
where ¢, values of the composites at 30 and 90 vol.% are 108
and 536, respectively. The dielectric loss results were found to
decrease with increasing PZT content agreeing with the
dielectric constant results due to the direct influence of PZT
ceramic. A reasonably low tan§ value was obtained for
composite with PZT at 90% (tan § = 0.47).
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Fig. 3. Dielectric constant (g,) results of PZT-PC composites.

Table 1
Dielectric properties of PZT-PC composites

Dielectric properties PZT content (vol.%)

30 60 90

Dielectric constant, ¢, (at 1 kHz) 108 290 536
Dielectric loss, tan & 1.08 0.75 0.48
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Fig. 4. Piezoelectric strain factor (ds3) results of PZT-PC composites.

Piezoelectric strain factor (ds3) results of the composites are
shown in Fig. 4. The results show that higher piezoelectric
strain factor value increased with PZT content and that a
relatively high ds3 for the composite with 60% and 90% was
recorded where d3; =42 and 87 pC/N, respectively.

4. Conclusions

- Generally, the XRD peaks of PZT—PC composites were found
to be attributed to the perovskite PZT peaks. However,
amorphous peaks can also be observed due to the presence of
the cement matrix.

- The dielectric properties of PZT-PC composite increased
when volume percentage of PZT was increased where &,
values of the composites at 30 and 90 vol.% are 108 and 536,
respectively.

- The dielectric loss results were found to decrease with
increasing PZT content and a reasonably low tan § value of
0.47 was obtained for composite with PZT at 90%.

- The piezoelectric strain factor increased with increasing
volume percentage of PZT content and relatively high ds3
values for the composite with 60 and 90% were found at 42
and 87 pC/N, respectively.
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