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Abstract

Project Code : TRG5880071

Project Title : Development and Performance of Environmental Friendly Lead-Free
Piezoelectric Ceramics-Portland Cement-Polymer Composites for

Real-Time Health Monitoring of Concrete Structure

Investigator : Dr. Rattiyakorn Rianyoi

E-mail Address : r.rianyoi@gmail.com

Project Period : 2 years (July 1, 2015 to June 30, 2017)

This research project investigated the microstructural, physical, dielectric and
piezoelectric properties of environmental friendly lead-free piezoelectric ceramics-
Portland cement-polymer composites with 0-3 and 1-3 connectivity for real-time health
monitoring of concrete structures applications. Firstly, lead-free piezoelectric ceramic
material, 0.94Bi,sNa,5TiO5-0.06BaTiO; (BNBT) was fabricated. Piezoelectric coefficient
value of ceramic materials 0.94Bi,sNag5Ti05-0.06BaTiO; (BNBT), is 188 pC/N.
Secondly, 0.94Bi, sNa, 5TiO5-0.06BaTiO; (BNBT) and Portland cement (PC) composites
of 0-3 connectivity were produced using 50% BNBT by volume content. Portland
cement was replaced by polyvinylidene fluoride (PVDF) at 1-10% by volume. In
addition, 0.94Bi,sNa, 5Ti05-0.06BaTiO; (BNBT) and Portland cement (PC) composites
of 1-3 connectivity were produced using 50% BNBT by volume content. Portland
cement was replaced by epoxy for 1-7% by volume. Microstructure of BNBT-PC-
Polymer composites was investigated by using scanning electron microscope (SEM).

The dielectric and piezoelectric properties were also investigated.
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The dielectric constant and dielectric loss of BNBT-PC-PVDF composites of 0-3
connectivity were found to decrease as the PVDF content increase due to the increase
in low dielectric constant and insulative of PVDF content in composite. Moreover,
Portland cement was replaced by polyvinylidene fluoride (PVDF) in composites show
good connectivity by filling the pores at the interface region between the piezoelectric
ceramic phase and the cement phase. The piezoelectric coefficient (d33) of composites
was found to be enhanced more clearly when the content of PVDF is more than 2
vol.%. The dj; results of composites showed an optimum increase of 62 pC/N when 5

vol.% PVDF was used (under the electrical poling field of 1.5 kV/mm and poling

temperature of 80°C). Moreover, these composites with PVDF show an enhanced
poling behavior in that PVDF can reduce the total period of poling process.

Interestingly, the piezoelectric voltage coefficient (gs3) of composite with 5 vol.% PVDF

content exhibits highest value of 33.59 mV-m/N. For BNBT-PC-epoxy composites of 1-3
connectivity, the dielectric constant and dielectric loss of the composites were found to
decrease with increasing epoxy content. The piezoelectric voltage coefficient (gs3) of
BNBT-PC-epoxy composites of 1-3 connectivity was noticeably increased when the
epoxy content was increased. For BNBT-PC-epoxy composites of 1-3 connectivity with
epoxy of 7% by volume, gs; was found at 34.31 mV-m/N. Therefore, this new kind of
environmental friendly lead-free piezoelectric ceramics-Portland cement-polymer
composites has potential to be used in concrete as sensors for real-time structural

health monitoring applications.

Keywords: Piezoelectric ceramic, Portland cement, Polymer, Composites, Piezoelectric

properties, Dielectric properties
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