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In this research, the fabrication of lead-free ferroelectric glass-ceramics from
(K, sNa, JNbO, based systems via incorporation method has been carried out. Potassium sodium
niobate (K, ;Na, JNbO, (KNN) was recognized as a material with good electrical properties, for
examples piezoelectric and ferroelectric properties. Besides, it is a lead free material which
promotes environmental friendly. For incorporation method, the calcined potassium sodium
niobate was added in glass batches as heterogeneous nucleating agent. Starting powders of
K,CO,, Na,CO, and Nb,O; were used to prepare KNN powder by mixed oxide method. All
compositions were mixed by wet ball milling method for 24 h then dried for 24 h. The dried
powder was calcined at 600-900 °C for 2 h and then was mixed with SiO,. In this, glass-ceramics
KNN were prepared from three compositions of KNN-SiO, system; composition A with high
impurity; B with low impurity KNN; and C with high purity KNN. The KNN-SiO, ratios were
75:25 for composition series Al, Bl and C1 and 80:20 for composition series C2. It was found
that transparent glasses were successfully produced by using conventional melting-quenching
method. The batches were melted at 1306 °C in an electric furnace. It was found that transparent
glasses were successfully produced by using conventional melting-quenching method. Finally,

the prepared glasses were heat treated in a range of 525-575 °C for crystallization. XRD results
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showed that KNN phase occurred in most of the glass-ceramic samples excepted C2 which show
unidentiﬁed‘ phase together with KNN phase. Thermal property resulting from DTA and TG-DSC
showed glass transition temperatures of samples Al, B1, Cliand C2 at 560, 530, 532 and 520 °C
and crystallization temperature at 648, 648, 645 and 620 °C, respectively. From SEM observation,
it was found that bulk crystals with equiaxed shape of KNN phase dispersed well in all glass-
ceramic matrices. A crystal sizes increased with increasing heat treatment temperature. In C2
glass-ceramics, unidentified phase was found together with KNN phase. The result from Raman
spectroscopy showed O-Nb-O bonding at wave number 230, 620 and 890 cm’ and unidentified
structure was found in C2 glass-ceramics. Dielectric result showed the values of dielectric
constant (€) an‘d dielectric loss (tan6) which were found to increase with increasing heat
treatment temperature. The optimum condition of all glass-ceramic samples was C1, which

possessed the appropriate values of € , tanO and high transparency, and trace of the ferroelectric

behavior.
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DTA
DSC
XRD
SEM
EDS
UV-Vis
°G
°C/min
°C/h
Mol%

mW
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Potassium Sodium Niobate
Thermal Gravimetric Analysis
Differential Thermal Analysis
Differential Scanning Calorimetry
X-ray Diffraction technique
Scanning Electron Microscopy
Energy Dispersive X-ray Spectrophotometry
Ultraviolet-Visible Spectophotometry
Degree Celsius

Degree Celsius per minute
Degree Celsius per hour

Percent molar

Milliwatt

Nanometer

Theta

Crystallization temperature

Glass transition temperature
Fictive temperature

Remnant Polarization

Coercive electric field

Capacity '

Dielectric loss

Dielectric constant

Density



Hz
kHz
MHz
pC
pC/N
kV
pC

us

Frequency (Hertz)
Frequency (Kilo-Hertz)
Frequency (Mega-Hertz)
Pico coulomb

Pico coulomb per Newton
Kilovolt

Micro coulomb

Microsecond





