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ABSTRACT 

 
A ferroelectric KNbO3 single crystal was grown by flux method by using 

K2CO3 and Nb2O5 as a starting materials having a molar ratio of 1:2:1, with an 
impurity Al2O3 (100mg). X-ray powder diffraction (XRD), transmission spectrum, 
dielectric constant and thermal analysis measurements, were performed to 
characterize the KNbO3 crystal. The XRD confirmed the phase of grown crystal as 
to be KNbO3. Lattice parameters were found to be a=5. 68863, b=3. 96864, c=5. 
73482. Obviously, dielectric anomaly with increasing temperature (Tc) can be 
observed indicating phase transition temperatures and Curie temperature, through 
the dielectric constant measurement and the Curie temperature of KNbO3 crystal 
was found to be 435 ˚C.   
 

Keywords: KNbO3 single crystal; Dielectric studies; XRPD; thermal 
characterization. 

 

 

1.  INTRODUCTION 
 

             Due to environmental consciousness, lead free ferroelectric material has been 
recently gaining demand. Among these lead free complex perovskite potassium niobate 
KNbO3 has been investigated widely, both from academic and commercial viewpoints1. 
Particular attention has been focused on the phase transition. Because KNbO3 is the only 
ferroelectric crystal that exhibits the same phasial symmetry& the same sequence of 
transition as BaTiO3 

2, it is therefore, highly interesting to compare their physical properties 
and find out the similarities and differences3. Again, interesting property of KN- is well 
known to be a nonlinear optical crystal that shows wavelength modulation. It is known to be 
difficult to grow its bulk single crystal from melt due to KN’s incongruent melting& double 
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solid state transformation properties, such as its cubic structure above 435˚C, tetragonal 
below it, and then at 225˚C turning orthorhombic4. 
 

             The lead free complex perovskite, KN single crystals are very promising materials 
for electronic devices & applications. Such as capacitors, actuators, sensors, transducers5. 
Therefore, it is of special interest due to very large electro optic properties& good dielectric 
properties6. This property has been studied by using different impurities such as (Al, Cu, Co, 
Mn). As the role of impurities in ferroelectric crystals is increasingly being realized5 they 
affect the vital parameter like domain structure and phase transition temperature7. Of 
particular importance that impurities can convert non ferroelectric crystal in to ferroelectric 
under suitable condition8. It is thus obvious that these impurities develop a strong, large 
distance cooperative interaction in the structure, which is essential for ferroelectric behavior. 
It presents studies on KNbO3 single crystals were carried out from this point of view. This 
paper reports the effect of impurities Al i.e. Al2O3 on KNbO3 and studies their growth and 
characterization.  
 
2.  CRYSTAL GROWTH 
 

A flux method was used to grow large sized single crystals of KNbO3 by taking 
K2CO3 and Nb2O5 in the molar ratio of 1:2:1 with an impurity of Al2O3 (100mg). The 
mixture was ground together in a mortar for 5-6 hours and put into a 50 ml platinum crucible. 
The mixture was heated in furnace up to 1100˚C. The mixture was soaked at this temperature 
for 24 hours and cooled slowly at the rate of 20˚C/hr up to 900˚C. It was reheated till 1000˚C 
and kept at this temperature for 18 hours. Finally the crucible was cooled at the rate of 20˚C 
/hr till room temperature and the large sized single crystals were obtained.  

The reheating mechanism is important in order to get large sized single crystals. 
Conventional method supports stray nucleation due to which small crystallites develops. The 
reheating is expected to re-dissolve the number of small crystals that might be nucleated 
initially as a result of stray nucleation. In the reheating process, the smaller crystallites 
dissolve rapidly, while the larger crystallites are also attacked and get reduced in size. 
Gradually, while during re-soaking and re-cooling process the crystallites in the solution acts 
as a crystal growth centers or as seeds for crystal growth and large crystal growth take place.  
 
3.  EXPERIMENTAL STUDIES 
 
3.1 Crystal structure determination 

 
               The XRD studies of the KNbO3 sample were carried out to characterize the crystal 
symmetry. The XRD pattern of Al- doped KNbO3 single crystal with different concentration 
as shown in the figure (1).The sharp and single diffraction peak of XRD pattern suggest the 
formation of single phase compound, X-ray structure analysis was done using programmed 
software such as powder-x, check cell, cell151 3.   
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3.2  Dielectric and phase transition studies 
 

The grown crystals were cut into small chips for dielectric studies into a few (mm2) 
areas from 0.2 mm to 0.5 mm thickness. The experiment to determine the dielectric constant 
was carried out on four different frequencies 1 kHz, 10 kHz, 100 kHz and temperature range 
of 50˚C-500˚C. According to the equation that follows as ε = Cd/Aε0  where c is capacity, d 
is the thickness, A is the area of the sample, ε and ε0 are dielectric constant and vacuum 
dielectric constant respectively. In this case d= 1.40×10-3 cm.  And A= 6.72×10-6 sq.cm. Loss 
tangent is defined as a ratio of the imaginary portion to the real portion of permittivity.  Tan  
δ = ε / ε0. Where ε is the imaginary part of permittivity and ε0 is the real part of permittivity. 

The electrical conductivity is a measure of conductance of a unit cube of material which 
offers to current flow in a given field. The electric conductivity (σ) was calculated by the 
relation. σ = d / RA. Where d is the thickness in cm, R is the resistance of the sample and A 
is the area in sq.cm9.     
 
3.3  Thermal analysis 
 

Thermal analysis was carried out by using a thermal analyzer, in the temperature 
range from room temperature to 600˚C. The grown crystal was crushed into fine powder. 
Then thermal analysis (TGA and DTA) spectra were recorded, in the temperature range from 
room temperature to 600˚C with a heating rate of 10˚C / min10. 
 

4. RESULT AND DISCUSSION 
 

4.1 XRD Analysis 

 
Angle 

Figure (1):  XRD- Characteristics of Al2O3 doped KNbO3 single crystal 
 

Fig. (1). Shows the XRD pattern for Al- doped KNbO3 single crystals with the 
amount of aluminium taken as100mg. It is seen that all the composition possesses a single 
phase perovskite structure, & no trace of any secondary phase is detected. The XRD data 
have been analyzed by powder-x program. It can be seen that the X-ray powder diffraction 
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analysis identifies the structure of the as grown crystal to be KNbO3, The calculated lattice 
parameter of Al doped KNbO3, and crystals are α=β=γ=90. a= 5.68863, b=3. 96864,  c=5. 
73482.  
4.2  Dielectric constant 

 
Figure (2): Comparative study of Dielectric constant of Al2O3 doped KNbO3 100mg single crystal               

                            at 1 KHz, 10 kHz, 100 kHz frequency 
 

The dependence of calculating dielectric constant on temperature, as measured at 1 
kHz, 10 kHz, 100 kHz respectively as shown in fig. (2), a frequency dependent, broad 
anomaly dielectric curve can be observed at 435˚C so the Curie temperature of the crystal is 
determined by 435˚C11. In this case, the lower is the measuring frequency, the bigger the 
dielectric constant at the Curie temperature. The dielectric constants were calculated to be 
435°C having value 1.6×106 when the measured frequencies are 1 kHz, 10 kHz, 100 kHz 
respectively12. The minimum value of dielectric loss at high frequency reveals that the crystal 
has grown with high optical quality with lesser defect13. 
             This comparative study of dielectric constant (εr), versus temperature curves for 
Aluminium doped KNbO3 sample in the temperature range of 50˚C – 500˚C at 1 kHz, 10 
kHz, 100 kHz. It can be seen from these plots that the dielectric constant (εr), first increases, 
slowly with the temperature up to 2100C, then broad peak appears more pronounced at 435˚C 
and finally decrease with rise in temperature. The peaks arise due to phase transition from 
orthorhombic- tetragonal and tetragonal- cubic. The phase transition sequence is (O- T- C) 
with increasing temperature. Therefore, KNbO3, single crystals are normal ferroelectric with 
first order phase transition. The dielectric loss falls remarkably with increasing frequency 
from 1 kHz to 100 kHz. The high dielectric loss observed in KNbO3 single crystal at lower 
frequencies implies that movement of defect increases with increasing frequency. The 
significant loss above 225˚C may be due to ionic conduction at higher temperature ranges14. 
These results can now be explained by assuming again that a micro structural phase change 
exists between, these temperature peaks in the high temperature region, may be due to 
possible ferroelectric phase transition15. The remaining variation in all the curves can easily 
understood by proposing that the dipole are not aligned in the low temperature region. So 
when the temperature raises the orientation of dipoles is facilitated and subsequently 
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increases the dielectric constant (εr). As the temperature grows the chaotic thermal oscillation 
of molecules are intensified and the degree of orderliness of their orientation is diminished. 
This causes the curves of dependence εr (T) to pass through a maximum and then drops. 
 

 
 

Figure (3): Comparative study of Tangent loss of Al2O3 doped KNbO3 100mg single crystal 
                                 at 10 kHz frequency 
 

 Fig.(3), shows the tan δ verses temperature curves in the temperature region 50˚C- 
500˚C, at different frequencies. It can be seen that the first relaxation peak is obtained at 
345˚C, second relaxation peak observed at 400˚C, similarly third relaxation peak is observed 
at 435˚C. The existence of these three relaxation peaks in tan δ verses temperature curves can 
be explained by proposing three types of dipoles generated in the interlayer space, because of 
aluminium substitution. It can be proposed that substitution of aluminium seems to be 
responsible for the creation of three dipoles in the interlayer space, giving peak at 345˚C, 
400˚C, 435˚C in these plots15.  
 

4.2 Thermal analysis 

 
 
 
 
 
 
 
 
 
 
 
 
 

                 Figure (4): DTA study of Al2O3 doped KNbO3 (100mg) single crystal 
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 Fig.(4), shows DTA for Al2O3 doped KNbO3 single crystals. DTA shows very small 
endotherm at 240˚C and other small endotherm at 430˚C. These two endotherms correspond 
to phase transition. Since these peaks are observed without loss in mass, this peak can be 
attributed to phase transition.  

 
 

5. CONCLUSIONS 
 

                KNbO3 crystals were successfully grown by flux method. The good quality large 
single crystals of Al-doped KNbO3 are obtained. The calculated lattice parameters of the as-
grown crystal are.  α=β=γ=90. a= 5.68863, b=3.96864, c=5.73482. The Curie temperature is 
determined to be at 435˚C and well matches the thermal analysis as a result of DTA and 
TGA. The observations, in the present study indicate that the systems have tremendous 
technological potential. The solid solution of perovskite potassium niobate  (KNbO3) can be 
formed, over a whole composition range, and thus allowing a high degree tailor ability of 
physical properties to cover a broad range of technological important dielectric, 
piezoelectric, ferroelectric, optoelectronic, optical and electrical properties, carrying out 
further careful and systematic studies, with varying compositions and preparative conditions, 
appropriate materials for different industrial and technological application can be developed 
out of these systems. 
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