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Abstract: A series of  Lead Titanate ceramic with various concentration of Calcium has been prepared by solid 

state reaction method, and some of their physical properties and structural characteristics have been studied. 

The incorporation of small amount of Calcium  results in considerable changes in the dc electrical conductivity 

and the temperature of the ferroelectric phase transition. Lead  Titanate  (PT)  is  a  well  known  ferroelectric  

with high curie point and low dielectric thus constant making it an attractive proportion for various 

applications. The synthesis of Calcium modified PbTiO3 was carried using solid state reaction    method.  

Stoichiometric   amount of high purity CaO was used as a dopant   in different proportion and the final product 

was in powder form. The   X-ray diffraction pattern was taken for pure and CaO modified Lead Titanate. The 

SEM of the sample was done on JEOL 6360A Analytical Scanning Electron Microscope. There is an observable 

change in grain size with different molar concentration of Calcium oxide. The DC conductivity of the sample 

was carried out using two probe method over a range of temperature covering their transition temperature.    
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I. Introduction 

Materials exerting a giant dielectric constant have gained a great deal of attention. Since the discovery 

of ferroelectricity in a single crystal of Rochelle salt in 1921 [1], there have been many attempts to find new 

materials that possess a high dielectric constant (k). The area of interest of the present work is the electronic 

ceramics, which are highly specialized class of materials. Their properties are predominantly controlled by their 

composition in addition to processing conditions & complexities of shape [2]. Various types of electronic 

ceramics are insulators, ferrites, capacitors, PTC materials, ferroelectrics, pyroelectrics, piezoelectrics, electro-

optic materials etc. The ferroelectric materials possess the spontaneous polarization even in the absence of an 

electric field and the direction of spontaneous polarization can be changed by an applied electric field [3-5]. 

Lead Titanate is a ferroelectric material having a structure similar to BaTiO3 with a high Curie point (490
o
C). It 

has perovskite structure and exists in two crystal structures Cubic and Tetragonal [6-9]. Pure lead titanate has 

cracks and fractures while fabrication and these strains can be removed by adding various dopants such as Ca, 

etc. These are well known materials due to their phase transitions which may affect their physical, chemical, 

electrical properties. An interesting feature of perovskite structure is that they are very simple but shows many 

variations with phase transitions between different structures. The stability of perovskite structure is given by 

tolerance factor (τ) [10, 11] and is calculated by         

      

                  τ = (RA +RX) / [√2 (RB+RX)]                                          .............................(1)  

 

       Where RA, RB & RX are ionic radii for A and B cations & X anion. The tolerance factor is a useful structure 

guide. Present work deals with the structural and electrical properties of Lead Titanate (PT) sample with 

additives. The modification of this sample was carried out by adding Calcium in proportion of 5 to 25mol%. 

The properties like structural analysis, grain size determination and dc conductivity were studied for the pure 

Lead Titanate sample and for the Calcium modified Lead Titanate (PCT). 

 

Synthesis of pure Lead Titanate [PbTiO3] and Calcium modified Lead Titanate (PCT) 

  The starting materials were commercially available Lead Carbonate, PbCO3 (GR) and Titanium 

dioxide, TiO2 (GR) with 99% purity. PbTiO3 powder was synthesized by the solid state reaction of thoroughly 

ground mixtures of PbCO3 and TiO2 powders that were milled in an agate mortar in the required stoichiometric 

ratio. The milling operation was carried out for 5hrs. After milling, the powder sample was calcinated at 900
o
C 

for 5hours. The reaction for the PbTiO3 formation is 

  

                                          PbCO3 + TiO2  PbTiO3 + CO2 ↑ 
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 Stoichiometric amounts of high purity Calcium oxide, CaO (all over  99.9% purity) were carefully weighed 

and added  in a proportion of  5, 10, 15, 20, 25 mol% with synthesized Lead Titanate (PbTiO3) powder. This 

powder mixture was mixed in an agate mortar for 2 hrs. In order to reduce the impurities and obtain 

homogeneity of the final compound the samples were sintered   in silica crucible at 750
o
C for 5 hrs [12]. The 

sintered material was cooled, crushed & once again ground thoroughly by adding organic binder. This sintered 

material was pressed by applying a pressure of 70 kg/m
2
 for 5 minutes using hydraulic press. Pellets of diameter 

10mm, thickness- 2mm of this well dried powder were prepared. These pellets were put in a silica crucible and 

slowly heated until temperature reaches 850
0
C. Holding at that temperature for 4 hours to complete the solid 

state sintering process and the organic binder to burnout [13-15. These final sintered pellets were cooled and  

polished and silver paste was applied  to meet the requirement for electrical measurement.   

 

II. Experimental Details: 
The structural analysis of the complex perovskite for pure and  Calcium modified Lead Titanate (PCT)  

system for  5,10,15,20 & 25 mol% have been performed by  X-ray powder diffraction method,  on X-Ray 

Diffraco meter (D-8 Advance Bruker axs)  over a wide range of Bragg angles (20
o 

≤ 2 ≤ 80
o
) at room 

temperature using  a filtered radiations ( = 1.5406Å) was used. It is clear from X-ray diffraction pattern  of 

pure and  Calcium modified Lead Titanate  as shown in fig.1-4  that  there are no traces of any  other compound 

and  the line width indicate  the product  were homogeneous. From the following formula theoretical density for 

each sample is calculated, 

 

             Dth = (M.W.×10
24

) / (6.023×10
23

×Vp)                                  .......................................(2) 

 

Where Dth is the theoretical density, M.W. is the molecular weight and Vp is the volume of the unit cell 

calculated from X-ray data. The molar volume Vm of the samples was calculated using the relation [16], 

 

             Vm = M / ρ                                                                         ........................................(3)  

 

Where M is the molecular weight and { ρ } is the material density. The atomic concentration   N (cm)
-3

, 

was calculated using the relation, 

 

           N = ρ × NA / M.                                                                        .................................(4) 

 

Where NA is the Avogadro‟s number,      

The SEM of the samples was done on JEOL 6360A Analytical Scanning Electron Microscope. For the 

measurement of dc electrical conductivity the pellets were polished and silver pasts was applied and specially 

made pellet holder and silver electrodes were used. 

 

III. Result and discussions: 
 The observed X-ray diffraction pattern of Calcium modified Lead Titanate is presented in fig.1-4 

shows well resolved peaks. The values of full width at half maximum intensity indicate that the polycrystalline 

has a homogeneous perovskite structure. All the peaks were indexed with great care and lattice parameter „d‟ 

was calculated by using hkl values. The  present data and published data  are in  excellent agreement and are 

listed in table no.1[17].The XRD study also shows that with the increase of Calcium concentration the lattice 

constant  „c‟ decreases while that of „a‟ increases [18,19].  These results attribute that the Ca ions occupying Pb 

ions site with smaller ionic radius. The reduced c/a ratio suggests that the sample have perovskite phase with 

tetragonal structure with improved mechanical stability [20, 21].  But the tetragonality decreases with increase 

of the Ca content that is different phases occur which depend on composition. It is also clear from table no.2 that 

material density and theoretical density are in good agreement. The density of Calcium modified Lead Titanate 

sample is decreasing as Calcium contents are increasing. Which was expected as molecular mass of Lead is 

more than molecular mass of Calcium.  
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Table no. 1. h,k,l and d values from X-ray diffraction data. 
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The SEM of Calcium modified Lead Titanate shows that the uniform distribution of densely packed 

fine grains over the entire surface for a sample less Calcium content as shown in figures 5-8. As Calcium 

content is increased a typical characteristics of exaggerated grain growth, a duplex microstructure is observed. A 

slight Calcium excess composition forms a eutectic liquid ubiquitous impurity. In this respect the appearance of 

large grain suggests that Calcium doping decreases the eutectic temperature. As the liquid phase has high 

mobility and therefore it penetrates grain boundaries and exaggerated grain growth might have taken place. 

Further increases of Calcium content, the microstructure of specimen are almost identical as that of less Calcium 

content.   No further grain growth but density slightly increases to critical value. This microstructural change has 

direct influence on dielectric properties. The average grain size of the sample determined by using Contrell‟s 

method was found to be in the range of 1 – 2 µm[22]. The microstructural analysis showed that as the Ca 

concentration increases, grain size first increases from1.04 µm to 1.52 µm for 5 mol% to 10 mol% followed by 

the decrease up to 0.99µm for 15 mol% [23-25]. This may be due to solubility limit. 

The dc conductivity measurement was conducted for pure and Calcium modified Lead Titanate by two probe 

method using specially made pellet holder and silver electrode.  The plot of lnσdc (m)
-1

 for Calcium modified 

Lead Titanate as a function of 1000/T. This presentation enables us to evaluate activation energy Ea using the 

well known Arrehenius formula  

 

        σdc  (T)  = σ0exp (-Ea/KBT)                                                            ................................(6) 

 

Where σ0 is the pre- exponential factor, KB the Boltzmann constant, T absolute temperature and Ea is 

the activation energy.    

    

l                                          

 

 

                                          

   

F i g . 2 :  X - R a y  D i f f r a c t i o n  o f  P C T - 2  F i g . 1 :  X - R a y  D i f f r a c t i o n  o f  P T  

F i g . 3 :  X - R a y  D i f f r a c t i o n  o f  P C T - 4  
F i g . 4 :  X - R a y  D i f f r a c t i o n  o f  P C T - 5  
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These plots shows that there is no change in dc conductivity up to a certain temperature after that there 

is a sudden increase in dc conductivity value. This gives change of phase. The following figure shows that there 

is no continuous linear increase with temperature [26-27]. It has been observed that dc conductivity suddenly 

increases after a certain value in all the cases with respect to temperature. The following table gives the 

conductivity of the doped samples along with transition temperature. The transition temperature decreases with 

increase of Calcium concentration [28-29]. It is observed that the critical transition temperature is compositional 

dependent.  Therefore behaviour of Calcium modified Lead Titanate is still complex. 

 

 
 

Fig No. 9 : d.c conductivity curve for Calcium modified Lead Titanate 

 

 

 

F i g 5 :  S E M  i m a g e  o f  P C T - 1  

 

 F i g 6 :  S E M  i m a g e  o f  P C T - 2  

F i g 7 :  S E M  i m a g e  o f  P C T - 3   F i g 8 :  S E M  i m a g e  o f  P C T - 4  
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Table no.3: Curie temperature for Calcium modified Lead Titanate. 

 

IV. Conclusion: 

 Calcium modified Lead Titanate ceramics prepared by mechanical mixing of their oxides in molar 

proportion are completely crystallised into perovskite phase. The X-ray diffraction analysis shows tetragonality, 

polycrystalline ceramic with c/a ratio of pure Lead Titanate –   and decreases with increasing mole percent of 

Calcium and disappears at about 20 mole percent of Calcium. The calculated lattice parameters and volume of 

the unit cell decreases by increasing Calcium content. The effect of Calcium dopant on Lead Titanate appears 

clearly on dc conductivity values at room temperature as well as around phase transition which are thermally 

activated. Addition of Calcium has lowered the curie temperature of modified Lead Titanate sample.  The micro 

structural analysis showed that as the Ca concentration increases, grain size first increases up to 10 mol% 

followed by the decreases. This may be due to solubility limit. 
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Sample DC Conductivity (S) Curie Temperature (K) 

PCT-1 (5 mol %)  5.93145 x 10
-6

 300 

PCT-2 (10 mol %)  6.94505 x 10
-6

 210 

PCT-3 (15 mol %)  4.73946 x 10
-6

 430 

PCT-4 (20 mol %)  4.58698 x 10
-6

 410 

PCT -5(25 mol %)  4.57100 x 10
-6

 490 


