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ABSTRACT

This research is focused to study the preparation of transparent ferroelectric glass-
ceramics of potassium sodium niobate, KosNaosNbOs or KNN based silicate SiO> and
tellurite TeO. systems with erbium oxide, Er.Os rare-earth dopant. In order to improve
the glass preparation process, the incorporation method has been introduced for
controlling crystallization of KNN single phase and reduce the chance of any unwanted
second phase, which frequently co-precipitates in the conventional glass-ceramic
method. For incorporation technique, KNN compound was firstly prepared by
calcination technique, then mixed with glass former and melt-quenched at appropriate
temperatures. The transparent KNN glasses were obtained at different composition
depending on the type of glass former, melting temperature and dwell time. The
composition ratios of KNN based tellurite glass were (X)KNN-(100-x)TeO2, where x =
20 and 30 mol% and melting temperatures were of about 800 — 900 °C with short dwell
times of 15 - 60 min. While, the composition ratio of KNN based silicate glass are
(X)KNN-(100-x)SiO2, where x = 70, 75 and 80 mol% and the higher melting
temperature at 1300 °C was used with a dwell time of 15 min. Erbium oxide dopant was
varied at 0.5 and 1.0 mol% related with recently published works. Then, all of glass-
ceramics were heat treated at various temperatures. This study is divided into two main

topics depending on the type of glass former.



The thermal behavior study showed that KNN-TeO> based glasses have lower stability
than that of KNN-SiO2 based glasses. The highest thermal stability of about 88 was
found in 80KNN-20SiO> doped 0.5 mol%Er.03. The thermal stability also indicated
that the lower concentration of glass former and the higher concentration of Er.Os could

decrease the stability of glass.

The XRD results showed that KNN based tellurite glass-ceramics contained several
phases such as KNbTeOs and Na:NbsO11 at Tci1 and the additional a-TeO2 phase was
existed at T, while KNN based silicate glass-ceramics showed KgssNao3sNbO3z single
phase. From structural study, TeO> based glass-ceramics contained KNN solid solution
crystals of cubic structure while SiO2 based glass-ceramics preferred to form KNN
tetragonal-orthorhombic crystals.

The optical property was reviewed in this work. The refractive indices of TeO: glass
system are higher than that of SiO, system. In KNN-TeO> glass system, the highest
refractive index is 2.17 with energy band gap of 2.40 eV. In KNN-SiO glass, all
compositions had similar refractive indices of approximately 1.65 with energy band gap
in range of 2.85-4.07 eV. The absorption spectra of all glass compositions indicated that
Er¥* ions are well incorporated into KNN crystal structure. For photoluminescence
study, the visible emission that clearly seen with naked eyes was 75KNN-25SiO> glass
doped with Er.Os. All glass ceramics emitted bright green light under 315-410 nm
excitation. This ultraviolet excitation activated the electrons at the *l1s/12 to *Gia2 and
4Ggy, states of Er®* ion co-doped materials. The intense fluorescent of glass-ceramics
was corresponded to the incorporation of rare earth ions in a non-centrosymmetric host.
Moreover, the fluorescent intensity also decreased with increasing heat treatment

temperature because of the increase in crystal size.

Finally, the electrical study of this work found that all glasses and glass ceramics
showed an interesting dielectric values. The maximum dielectric constant of about 675
with low loss of 0.01 (10kHz) was found in 30KNN-70TeO. which melted and heat
treated at 900°C/30min and 530°C/4h, respectively. In SiO based glass, the maximum
dielectric constant of 460 with dielectric loss of 0.006 (10kHz) was found in 70KNN-
30SiO2 doped 0.5mol%Er.03 glass which heat treated at 670°C/4h. It is suggested that
high heat treatment temperature is a significant factor in increasing the crystallization



mechanism, leading to the increase of dielectric constant. However, all high heat
treatment samples also had the lowest transparency.



