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ABSTRACT 
 

           Due to environmental protection concerns, the lead-free ceramic materials 
have recently been demanded. Ferroelectric potassium niobate, KNbO3 (KN)  is a 
typical representative of the perovskite crystals  family. KN  is a technologically 
important    material    because it does   not contain poisonous lead.  Potassium 
niobate, KNbO3 (KN)  ceramics doped with  aluminum (Al)  were  prepared by  a  
modified   conventional ceramic fabrication process to characterize their  thermal 
properties. The  K2CO3   and Nb2O5 were taken in the molar ratio of 1.2:1  to obtain 
large size single crystals  using  the fused   method. The large size single crystals 
were obtained in the form of transparent greenish colour. The X-ray  structure  
analysis show  that  the  crystal is orthorhombic at  room  temperature  with  space  
group PCCA,  and  lattice  parameters  a = 5.7009 Å,    b = 3.9736 Å,   c = 5.7148 Å.  
From the thermo analysis such as DTA and DSC, it    was    roughly    found that the 
possibility of phase transitions nearly   occurred at  73°C and 225°C.        
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1. INTRODUCTION 
  

 Lead-free ceramic materials have recently been demanded due to 
environmental protection concerns.  Lead containing perovskite ceramic materials, such as 
PbTiO3, (Ba, Pb)TiO3, Pb(Zr, Ti)O3 or Pb(Mg, Nb)O3 are industrially important, because of 
their high-temperature ferroelectricity, piezoelectricity and pyroelectricity. However, since 
they contain poisonous lead, replacing them with lead-free ceramic materials is a priority 
concern. A ferroelectric KNbO3 (KN) and anti-ferroelectric NaNbO3 (NN) with the 
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composition (K0.5Na0.5)NbO3 (KNN) are potential materials for the replacement of lead-
containing ferroelectrics1. Saito etal2 in 2004 reported on the preparation of high-
performance lead-free piezoceramics based on KNN. Candidate material for lead-free 
piezoelectric ceramics include BaTiO3 (BT), (Bi0.5Na0.5)TiO3 (BNT), (Bi0.5K0.5)TiO3 (BKT), 
(K0.5Na0.5)NbO3 (KNN), (Na0.5K0.5)NbO3 (NKN) and KNbO3 (KN)3-7.  Ferroelectric 
potassium niobate, KNbO3 (KN)  is a typical representative of the perovskite crystals  family. 
KN is a  technologically important    material    because it does   not contain poisonous lead.  
Potassium niobate,  KNbO3 has  an orthorhombic symmetry at room temperature, and 
undergoes  phase transitions at -10oC, 225oC and 425oC corresponding to rhombohedral → 
orthorhombic → tetragonal → cubic phases respectively8. KN ceramics have great attention 
as a candidate material for lead-free piezoelectric and ferroelectric applications, because  
single  crystal,  KN  has a  large   piezoelectricity  and a high Curie point9-10. The properties 
of KN single crystals are strongly affected by the technique of crystal growth as well as by 
adding an impurity. In this paper, the authors tried an effect of aluminum doping on the 
characteristics and thermal properties of KNbO3 single crystals.  
 
2. EXPERIMENTAL PROCEDURE  
 

KNbO3 ceramics were prepared by modified conventional ceramic fabrication 
process. The growing large size single crystals are somewhat difficult. The present method is 
used to grow the large size single crystals of KNbO3. The K2CO3 and Nb2O5 were taken in 
the molar ratio of 1.2:1. The dopant Al2O3 was added to the mixture of K2CO3 and Nb2O5 . 
This mixture was mixed thoroughly by grounding them together in the mortar for a 
sufficiently long time (4 to 5 hrs) and packed in a 50 ml flat bottom platinum crucible 
covered with a platinum lid. The crucible was heated till 900°C at the rate of 50°C/h. After a 
temperature of 900°C, the rate of heating was reduced to 20°C/h, till a temperature of 1100°C 
was reached. The crucible was maintained at this temperature for a period of 24 h. After 
soaking for 24 h, the homogeneous mixture was then cooled to 840°C at the rate of 14 to 
17°C /h to allow for crystallization. The material   was reheated  to 1000°C, maintained at   
this temperature for   18 h  and slowly cooled to room temperature at  the rate of 20°C /h for 
the complete crystal growth11-13. 

The crystal  blocks separated from flux were found at the  top  by  a  thick crystalline 
layer   projecting   from the walls of the crucible.  A  thin  layer  of  small crystals was also 
found  near  the   thick layer.  Crystal plates  could  also obtain on the bed of flux. The crystal   
plates  found on the bed of the flux are mostly white.  Some  crystal   plates are colourless. 
The size of  the colourless   plates range from 2 mm to 50 mm on edge length. The thickness 
is about 0.4mm. The crystals plates usually show quite simple twinning and are very good 
for dielectric as well  as domain studies. The white crystal plates are larger in area and 
smaller in thickness  (of  the order of 0.1mm.), very fragile and highly twinned. The large 
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size single crystals  is  of  greenish colour and transparent. Also the crystal could be easily 
doped with Al2O3. The  crystals doped with   Al2O3  produced  some   interesting   effects   
on the domain structures which will be discussed  later  in  a  different  paper.  

The  aluminum  doped  single crystals of KNbO3 were characterized using X-ray 
diffractometer. The thermal properties using DTA  and  DSC were also carried out to observe  
phase  transitions.   

 

3. RESULTS AND DISCUSSION   
 

            It is basically difficult to obtain large size single crystals by the conventional method.  
It  is  therefore  adopted  a  modified (heating and cooling)11-13 technique to obtain KNbO3 
single crystals.   The characterization of Al-doped KNbO3 single crystals were carried out by 
using X-ray diffractometer to determine lattice parameter and the space group.  The X-ray 
diffraction pattern of Al-doped KNbO3 is shown in Fig. 1. The X-ray  structure  analysis 
show  that  the  crystal is orthorhombic at  room  temperature  with  space  group PCCA,  
and  lattice  parameters   a = 5.7009 Å,     b = 3.9736 Å,   c = 5.7148 Å.   
 

 
          Fig. 1 – X ray diffraction of Al –doped KNbO3 single crystal. 

The  thermal    studies   were   carried out    by    means    of     thermal techniques 
such   as   DTA, DSC etc. The   DTA    curve  (Fig. 2)  shows two dips or valleys    at    
temperatures of    70°C and   1080°C.  These     valleys    indicate     the      absorption    of 
energy   and    shows    endothermic    property.     
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The    reason    for this is not clear  here.   But,   at    temperature    upto 100°C    the  
crystal shows endothermic behaviour, while   above    100°C,   the behaviour is exothermic   
upto    1000°C. After 1000°C   the    crystal shows   the  endothermic   behaviour   again   
with   a   valley   at   near 1080°C.     

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2 : DTA curve for heat flow (mW) versus temperature. 
 

In  DSC  studies,  the experimental sample  and    the    reference sample were 
simultaneously heated in a furnace, and the difference in  the power required  to  keep   the 
two samples at the same temperature is  noted   as   a  function of  temperature. If the 
experimental sample is requiring more   power    than   the    reference sample to be 
maintained   at particular temperature, it means that the experimental sample   is    absorbing 
energy at that temperature. The excess energy   required   is   shown in   mW   versus    
temperature.  A typical curve is shown in Fig. 3 as obtained on an  instrument  at  VNIT,  
Nagpur. The  heating    rate   was   10° per min. and the weight of experimental sample was 
12.10mg. The   measurement   of the difference in     heat   flow   to    sample and    
reference, which are heated (or cooled)  together in   a   controlled    temperature   program. 
The heat flow path   at   the   DSC   sensor   is well defined and reproducible. The  DSC  
curve shows   the    peaks   at    the    temperature   of  about 73°C and 224°C.     

 

From the pattern of DSC, it    is    roughly    found that the possibility of phase 
transition. First peak    occurred    at     about 73°C    and    the    second    one    at    about 
225°C. The sample transform to  tetragonal   phase   at   the temperature of    about 225°C.  It    
is    seen   that   the   thermogram   shows    two valleys, one   at   73°C   and   the   other    at 
225°C. The valley at 73°C clearly corresponds to the valley in   the DTA curve obtained at 
70°C. 
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Fig. 3 : DSC curve for mW  versus temperature. 
 

4. CONCLUSIONS 
 

            A study of processing and thermal analysis of Al-doped KNbO3 ceramic was 
conducted. The KNbO3  single crystals were grown using fused method in this laboratory by 
taking molar ratio of K2CO3 and Nb2O5 as 1.2:1 with an impurity of Al2O3. The   good 
quality large size single crystals were obtained. The lattice parameters    of  Al- doped    
KNbO3    single    crystals  were found  a = 5.7009 Å,     b = 3.9736 Å,   c = 5.7148 Å  which 
indicates an orthorhombic structure at room temperature with space group PCCA . 
Themoanalysis by means of DTA and DSC roughly    shows the possibility of phase 
transitions at  73°C and 225°C.         
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