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This research studied fabrication and relations between fabrication, structure and both
mechanical and electrical properties of ferroelectric nanocomposites. Ferroelectric PZT ceramic
was reinforced with nano-particles of WO3, ZnO and NiO using not only a conventional process
i.e. a mixed-oxide method which has known as a low capital cost processing method, but also
chemical method i.e. sol-gel which has known to provide materials with high quality compared
to the conventional method but its drawback is rather an expensive method. Apart from these
PZT nanocomposite ceramics, this research also prepared and improved properties of new
non-lead ferroelectric ceramics such as Bi-layered structure ceramics using composite method
with PZT compound and doping method via different ions, for being further used as starting
materials for preparation of other high quality ferroelectric ceramics. This report, however, will
present only 3 research parts that were completely done which are shown below.

The first part of this research studied relations between fabrication, structure and
properties of nano-WO; added PZT ceramics (PZT/xWO; when x = 0, 0.1, 0.5, 1 and 3 wt%).
This research studies fabrication of PZT/WO, ceramics from powders prepared by a triol sol-gel
method. The suitable calcination and sintering conditions were found to be 600°C for 4 h and
1100°C for 6 h, respectively. An addition of WO; nano-particles reduced tetragonality of the
ceramics, closed to complete rhombohedral structure (at 3 wt% addition). The 0.1 wt% WO,
added sample provided ceramic with larger grain compared to that of pure PZT sample. Further
increase in WO; added content to 0.5, 1 and 3 wt%, the grain size tended to gradually reduce.
Physical property studies showed that maximum density can be achieved at 3 wt% WO, added
sample, while the minimum value was found for 0.1 wt% WO, added sample. Investigation of
electrical properties showed that high temperature dielectric constant and dielectric loss values
reduced with increasing WO; content. Curie temperature of PZT was also found to reduce with
WO, nano-particles additions. Ferroelectric properties were observed via P-E hysteresis loops.
The results showed that PZT/5wt%WO; ceramic had maximum remanant polarization and loop
squareness value.
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The second part of this research studied relations between fabrication, structure and
properties of nano-ZnO added PZT ceramics (PZT/xZnO when x = 0, 0.1, 0.5, and 1 wt%)
prepared by mixed-oxide method. Phase analysis results showed high purity as-received PZT
powder with mixture of tetragonal and rhombohedral phases. An addition of ZnO nano-particles
r_éd'uced tetragonality, increased density and reduced grain size of the ceramics compared to
those of pure PZT ceramic. However, within ZnO added samples, the grain sizes were rather
similar. Mechanical properties investigation was carried out for the sample sintered at 1200°C.
it was found that an addition of ZnO increased hardness of the ceramics and the maximum
value was achieved at 0.5 wt% ZnO added sample. On the other hand, fracture toughness
values were reduced with an addition of ZnO. Within ZnO added samples, however, the
fracture toughness was found to increase with increasing content of ZnO. Electrical properties
investigation showed that an addition of ZnO reduced dielectric constant and was slightly lower
Curie temperature. An addition of < 0.5 wit% ZnO did not significantly change ferroelectric
properties; however, these properties were degraded at higher content of ZnO. Based on this
investigation, it seems that the optimum limit of ZnO addition was < 0.5 wt% due to its superior
mechanical properties, i.e. high hardness and comparable ferroelectric properties compared to
that of pure PZT ceramic. '

The third part of this research studied relations between fabrication, structure and
properties of nano-NiO added PZT ceramics (PZT/xNiO when x = 0, 0.1, 0.5, and 1 wt%)
prepared by mixed-oxide method. Phase analysis results showed high purity as-received PZT
powder with mixture of tetragonal and rhombohedral phases. An addition of NiO nano-particles
reduced tetragonality, increased density and reduced grain size of the PZT ceramics. However,
within NiO added samples, both density and grain size values were rather similar. Mechanical
properties investigation was carried out for the sample sintered at 1250°C. It was found that an
addition of NiO increased hardness of the ceramics. The maximum hardness and fracture
toughness values were achieved at 0.1 wi% NiO added sample. Electrical properties
investigation showed that an addition of only 0.1 wt% NiO into PZT improved dielectric constant
measured at room temperature but the values measured at Curie temperature were reduced
with increasing NiO content. Improved ferroelectric properties were observed for the sample
with < 0.5 wt% NiO addition. Based on this investigation, an addition of NiO nano-particles
could improve mechanical properties and maintained acceptable ferroelectric properties of PZT
ceramic.

To conclude, this research was successful in preparation, study of relations between
fabrication, structure and properties of new nanocomposite ferroelectric ceramics. The results
provided insight understanding of property changes upon processing condition and amount of
reinforcement phases. This research suggested further research direction and development of
these ceramic systems for actual applications in electronic industries.
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The most important outputs of this research were 19 international publications, 2
national publications and 49 presentations in the international and national conferences.
”Throughout 3 year research, this project has truly created both nationally and internationally
- corroborations. This project played an important part in production of 7 BSc, 2 MSc and 6 PhD
' .s_tu__c_len_ts. Most of these students were granted by different National scholarships such as the
Royal Golden Jubilee PhD program (RGJ), the Office of the Higher Education Commission
(OHEC) under the program Strategic Scholarships for Frontier Research Network for the Ph.D.
Program Doctoral degree and the Industrial Research Projects for Undergraduate Students
(IRPUS) project.





