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Abstract: AC conductivity and piezoelectric properties of (1-x) PbMg1/ 3Nb2/ 3O3-(x) K0.5 Bi0. 
5TiO3 ceramics are important for investigating viability of these relaxor ferroelectric materials for sensor and 
actuator applications. Hence no studies seem to be available on PMN-KBTcomposition ceramics systems, in this paper, we report
 detailed study of ac conductivity and  piezoelectric property of (1-x)PbMg1/3Nb2/3O3-(x)K0.5Bi0.5TiO3 ceramic with 
composition x=0.15, 0.25 and 0.35.The polycrystalline ceramic samples of ((1-x)PbMg1/3Nb2/3O3(PMN)-(x)K0.5Bi0.5TiO3 
(KBT)) (x = 0.15, 0.25, and 0.35) were prepared by solid-state reaction technique at high temperature. AC conductivity and 
piezoelectric properties of the materials have been investigated within a wide range of temperature and frequency using complex 
impedance spectroscopy (CIS) technique using computer controlled impedance analyzer. It is observed that ac conductivity (σac) 
increases with increase in temperature showing negative temperature coefficient of resistance (NTCR) behavior. The ac 
conductivity (σac) shows an increasing trend with the increasing frequency and 
temperature. The study also showed that, Activation energies decreased with increase of the amo-unt of KBT in all samples. 
Frequency dependent ac conductivity at different temperatures indicates that the conduction process is thermally activated. The 
frequency dispersion spectrum obtained in this study shows two well defined frequency regions in which the conductivity follows 
a double power law behavior. Longitudinal piezoelectric charge coefficients of the samples poled under a dc electric field of ~ 
9kV/mm at 150 °C in a silicone oil bath were  found to be equal to 58 pC/N , 67pC/N, and 79.4 pC/N for the composition of  
0.15,0.25 and 0.35 respectively. The electromechanical coefficients of the samples were also found to be 0.63, 0.66 and 0.68 for 
the composition of 0.15, 0.25 and 0.35 respectively. 
Keywords. AC conductivity; piezoelectric properties; lead magnesium niobate- Potassium bismuth titanate.   

I. INTRODUCTION 
Perovskite type oxides have gained much attention as having many excellent physical properties such as ferroelectric, piezoelectric, 
magneto electric and electro optic effects [1]. Ferroelectrics refer to the group of dielectrics having the property of spontaneous 
polarization (i.e., they retain a dipole even after an applied voltage has been removed). The key characteristics of a ferroelectric 
crystal are that the direction of the polarization can be reversed by application of an electric field and that a hysteresis loop results. 
Ferroelectrics mainly have two characteristics, asymmetry and high dielectric constant or high permittivity [2-3]. Several ceramic 
materials with ferroelectric properties have been developed and utilized for a variety of applications. Perovskite ferroelectric 
ceramics can be applied to several electronic devices such as transducers, actuators and sensors [4]. Piezoelectricity is the ability of 
certain crystalline materials to develop an electrical charge proportional to a mechanical stress [5]. The piezoelectric effect is 
exhibited by a number of naturally-occurring crystals, for instance quartz, tourmaline and sodium potassium tartrate, and these have 
been used for many years as electromechanical transducers. Ferroelectric relaxors belong to a subgroup of ferroelectric materials. 
Ferroelectric relaxors belong to a subgroup of ferroelectric materials. Relaxors are characterized by unique dielectric, polarization, 
electromechanical and electro-optical properties. A piezoelectric material develops an internal electric field when strained/deformed. 
On the contrary, a piezoelectric material experiences strain when an electrical field is applied to it. These reactions, electrical field 
and mechanical behavior can be in either direction. Meaning that depending on the material, an electrical field in one direction can 
lead to a mechanical reaction in any direction.  
 Among the many ferroelectric and piezoelectric materials, lead magnesium niobate (PMN) and potassium bismuth titanate (KBT) 
are attractive because of their excellent electrical properties [6-7]. Pioneering studies by Smolenskii [8-9] demonstrated that some of 
the complex perovskites with mixed B-site cations, such as PbMg1/3Nb2/3O3 (PMN) display a broad, high and strongly frequency 
dependent real part of the permittivity peak as a function of temperature. This behavior is different from observations on 
conventional ferroelectrics where a sharp and lower peak in the real part of the permittivity is associated with critical behavior 
evidenced at the phase transition temperature and the Curie-Weiss law is followed when close to this temperature [10]. The 
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Pb(Mg1/3Nb2/3)O3 (PMN) ceramic, a prototype relaxor ferroelectric with perovskite structure demonstrates a quite high maximum 
dielectric constant around -100C with diffuse phase transition phenomena [11-13]. Lead magnesium niobate ferroelectric relaxors 
(PMN) exhibit desirable dielectric properties, low lossy, a wide dielectric peak, non-hysteric behavior and low sintering temperature 
[14-16]. However, there are some disadvantages to PMN such as low electro-mechanical coupling, toxicity due to presence of lead 
in it and low working temperature [17]. Therefore, currently, much effort has been placed on the study of searching and developing 
the new lead-free or lead-reduced relaxor ferroelectrics for high temperature applications, such as automotive, aerospace, and related 
industrial applications [18]. Toxicity of the lead oxide and its high vapor pressure during processing has resulted in an increasing 
demand for the alternative materials with reduced toxicity [19]. Moreover, pure PMN perovskite is very difficult to obtain by solid-
state reaction because of the unwanted pyrochlore phase. Thus, mixing PMN with other perovskite compound is expected to 
enhance the formation of more stabilized perovskite structure which means purer perovskite with lower amount of undesirable 
pyrochlore phases [20]. The physical properties of relaxor ferroelectric PMN can be enhanced by the addition of ferroelectric 
materials like PbTiO3 (PT), lead zirconate titanate PbZrxTi1-xO3(PZT), etc. Despite their excellent ferroelectric & piezoelectric 
properties, these materials contain a large amount of lead (> 60 wt. %) which is toxic[21]. considerations connected with protection 
of environment and health of the world’s population stimulate intensive research of new alternative FE materials which would not 
contain lead or would contain it only in small concentration[22]. Potassium Bismuth titanate  (K½Bi ½)TiO3) (KBT) is one of the few 
A-site complex perovskites with ferroelectricity and has a promising potential for lead-free piezoelectric materials[23]. As Hiruma 
[24] reported, KBT shows typical characteristics of a relaxor ferroelectric, i.e., a broad dielectric peak with a frequency dependent 
high dielectric maximum temperature (Tm) around 380 0C. It is lead free perovskite ceramic so that it is environmental friendly. But 
there are also some shortcomings to KBT as well. These properties are still notably inferior to that of lead-based ones, for instance, 
in its electrical properties, it has low dielectric constant (εr)[25-27]. It has high curie temperature which result in  being unsuitable 
for working at low temperatures ,hence Usually many applications require that TC  close to ambient temperature. Therefore, there is 
a general interest to reduce the TC of KBT ceramics to optimize their uses [28].  
Therefore, one can expect the composite of PMN and KBT to have the advantage of both. Hence no studies seem to be available on 
PMN-KBT systems, in this paper, we report the detailed study of ac conductivity and piezoelectric properties of ((1-
x)PbMg1/3Nb2/3O3(PMN)-(x)K0.5Bi0.5TiO3 (KBT)) ceramic with x=0.15, 0.25 and 0.35. 

II. EXPERIMENTAL PROCEDURES 
Pb(Mg1/3Nb2/3)O3(PMN)- K1/2Bi1/2TiO3(KBT) ceramics with x=0.15, 0.25 and 0.35 were prepared by conventional solid state 
reaction route. Analytical reagent grade Bi2O3, Nb2O5,, MgO, TiO2, K2CO3 and PbO of purity ≥ 99.9% were used as raw materials. 
Perovskite-phase PMN powders were obtained via a well-known columbite method [29]. In this method, the magnesium niobate 
powder was first prepared by mixing starting MgO and Nb2O5 powders. Stoichiometric amount of these powders with acetone as 
mixing media were mixed and grinded for 6h using agate mortar and pestel. This mixture was dried and then calcined inside furnace 
for 6 h at optimized temperature of 8000C to form a so-called columbite powder (MgNb2O6). This synthesized MgNb2O6 columbite 
was thoroughly mixed using agate mortar and pestle with reactant PbO according to the stoichiometry to obtain fine powder of 
PMN. The powder was calcined in an alumina crucible at 800◦C for 4h. Then, the calcined powders were checked for phase purity 
using x-ray diffractometer. KBT powder was prepared in similar way by a conventional mixed-oxide method from K2CO3, Bi2O3, 
and TiO2 starting powders. Stoichiometric amount of these powders with acetone as mixing media were mixed and grinded for 6h 
using agate mortar and pestel. This mixture was dried and then calcined inside furnace for 4hrs in an alumina crucible at optimized 
temperature of 8000C to obtain fine powder of KBT. Then, the calcined powders were checked for phase purity using x-ray 
diffractometer. 
The (1-x)(Mg1/3Nb2/3)O3- (x)K1/2Bi1/2TiO3 ( when x = 0.15, 0.25 and 0.35 ) ceramic systems were prepared from  PMN and KBT. 
Stoichiometric amount of the PMN and KBT powders with acetone as mixing media were mixed and grinded for 8hrs using agate 
mortar and pestel. This mixture was dried and then calcined inside furnace for 4hrs at optimized temperature of 8000C to obtain fine 
powder of PMN-KBT. Using polyvinyl alcohol (PVA), the calcined powders were cold pressed into cylindrical pellets of 10mm 
diameter and 1.5mm thickness under optimized load of 12.5 kN using a hydraulic press. PVA was used as binder to reduce the 
brittleness of the pellet, which burnt out during high temperature sintering. Then, the pellets were sintered at an optimized 
temperature of 1000 ◦C for 4 h so as to get nearly 97% of theoretical density. 
 For conductivity measurement, Complex impedance data on coated (1-x)PMN-(x)KBT samples was recorded using computer 
controlled impedance analyzer (AUTOLAB) in the temperature range of room temperature to 500oC in the frequency  range of 
100Hz-1MHz. For d33 measurement the samples were coated with silver paste and dried under infrared lamp. Electrical poling of the 
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sample immersed in a silicon oil bath was done at 90kV/cm, at a temperature 150 OC for 30 minutes. The samples were cooled to 
room temperature in the presence of the field and the d33 was measured using piezometer (d33-meter). For the measurement of 
electromechanical coefficient (Kp) the point contacts were made on poled samples using silver paste using a thin copper wire. The 
sample was then hanged in the furnace and the copper wires were through high alumina narrow bored tubes and two terminals were 
fixed to two terminals on a plate fixed at the top of the Faraday cage(a metal box).The entire sample holder was shielded to avoid 
any possible stray pickups. The admittance measurements were performed using impedance analyzer as a function of frequency at 
room temperature.  

III. RESULTS AND DISCUSSION 
A.  AC Conductivity Analysis 
The motion of charges in the dielectric gives rise to the conduction current and additionally polarizes the dielectric. Study of 
electrical conductivity in ferroelectric materials is very important since properties like piezoelectric, pyroelectric, etc. depend on it. 
The ac conductivity (σac) of the material depends on the dielectric nature of the sample. There is a strong correlation between the 
frequency response and the temperature dependence of electrical conductivity of the materials. The temperature dependence of σac 
shows the presence of single or multiple relaxations in the material. In bulk materials two types of ac conductivity phenomena 
occurs; (a) long range ac conductivity which is due to the fact that at low frequencies the overall conductivity is due to the mobility / 
transportation of charge carriers over long distance and (b) localized transport oxygen vacancies which is due to relaxation / 
orientational mechanism in which case the charge mobility / transportation is restricted only to the nearest neighboring lattice sites 
[30]. In polar materials the conduction mechanism can be ionic and/or electronic in nature. Depending upon the purity and 
temperature of the materials the proportion of ionic to electronic conduction in the materials varies. Usually polar dielectric 
materials show an increasing trend in conductivity with rise in temperature. The variation of electrical conductivity with temperature 
is explained by the equation 

ߪ = ாೌି)݌ݔ݁ܣ
௄ಳ்

) + ா್ି)݌ݔ݁ܤ
௄ಳ்

)                     (3.1) 

Where Ea and Eb are the activation energy for the intrinsic and extrinsic conduction process respectively and A and B are constants. 
At higher temperatures the intrinsic conduction process dominates, and hence the eqn. (3.1) reduces to: 

ߪ = ாೌି)݌ݔ݁ܣ
௄ಳ்

)                                  (3.2) 

At low temperature, conductivity is dominated by mobility of extrinsic defects were carrier concentration is fixed by doping. At 
High temperature, conductivity is due to thermally formed (intrinsic) defects in which the carrier concentration varies with 
temperature. Most metal oxides are electronic conductors at high temperatures. For many of these oxides the conductivity increases 
with increasing temperature and as the conductivity at the same time is much smaller than in metals, this type of conductivity is 
termed semi conductivity. The principal reason for the increasing conductivity is that the number of electronic defects increases with 
increasing temperature. Electrical conductivity is an important experiment tool to probe the structural defects and internal purity of 
semi-insulating crystalline solids because unlike metals and semiconductors where electrons are the charge carriers, in semi-
insulators the prime factors contributing to their electrical conductivity are the crystal defects. The electrical conductivity studies of 
an electro ceramics are complex. The real part of AC conductivity is given by: 

σୟୡᇱ  = ω୧ε୭ߝᇳ                    (3.3) 
Where w = 2πf, (f being the frequency used), εo is the permittivity of vacuum (8.854×10-12 F/m) and ε″ is the dielectric loss factor. 
Thus, σ’ac is directly related to the dielectric properties of the material. Alternatively, the real part of the dominant bulk conductivity 
may be evaluated from the impedance spectrum using the relation: 

ac’ߪ ≈ ௧
௓’×஺

                           (3, 4) 

ac’ߪ ≈ ’ݕ × ௧
஺
                        (3.5) 

Where σ'ac is real part of conductivity, Z’ is the real part of complex impedance (intersection of semicircle on the real-axis in Z” vs. 
Z’ plot); t the thickness, and A the surface area of the sample, t is thickness of sample and A is the area of the sample and Y′ is real 
part of the admittance. 
 The variation of the real part of the ac conductivity with 1000/T is shown in the (Figs. 3.1a-c), at different frequencies. At lower 
temperatures, the complexes formed are immobile and the orientation effect is suppressed and doesn’t contribute much to the 
conductivity. Even though, there is electronic and ionic hopping in ceramic conduction, at low temperatures, the electronic hopping 



International Journal for Research in Applied Science & Engineering Technology (IJRASET) 
                                                                                           ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 6.887 

                                                                                                                Volume 6 Issue XII, Dec 2018- Available at www.ijraset.com 
     

579 
 

579 ©IJRASET: All Rights are Reserved 

conduction dominates the conductivity and ionic hopping makes little contribution [31]. At low frequencies the overall conductivity 
is due to the mobility / transportation of charge carriers over long distance rather than from relaxation / orientation mechanism in 
which case the charge mobility / transportation is restricted only to the nearest neighboring lattice sites [32]. 
As the temperature increase, impurity defect complex start to dissociate and there by contribute to conductivity. Because at low 
temperatures the conductivity shows weak temperature dependence and the values of conductivity are higher for higher frequencies, 
hence at low temperature the conductivity is frequency dependent. It is observed that σac increases with increase in temperature 
showing negative temperature coefficient of resistance (NTCR) behavior. Generally, the σac shows an increasing trend with the 
increasing frequency and temperature. The increase in the σac with the increasing temperature can be attributed to the impurities or 
dislocations at metal semiconductor interface. These impurities lie below the bottom of the conduction band and thus it has small 
activation energy. (Fig3.1a-c) also shows that, increasing the composition(x value) increased the samples polarization conductivity. 
The nature of variation shows almost linear over wider range temperature regions and obeys the Arrhenius relationship. The ac 
conductivity (σac) is related to the activation energy and the inverse absolute temperature, using an empirical relation: 

σ௔௖ = σ௢݁ିாೌ/ೖಳܶ                                (3.6) 
Where σ௢ is the composite constant or the pre exponential factor, Ea the activation energy of the Conduction mechanism, kB the 
Boltzmann constant and T is the temperature in Kelvin  [33].The Arrhenius plots (lnσac vs 1000/T) of ac conductivity at different 
frequencies are shown in Fig. 3.1. The activation energy (Ea) was calculated from the straight line fitting of plots shown in Fig. 3.1 
and the values are presented in (table 3.1).  As shown in (table3.1), the Ea decreases with the increasing frequency. The increase in 
the applied field enhances the charge carrier’s jumps between the localized states (hopping), consequently, the activation energy 
decreases with the increasing frequency. Also, the obtained low values of activation energy suggest that the conduction mechanism 
may be due to the hopping of electrons [34-36]. 

 
Fig.3.1 Arrhenius plots of ac conductivity at different frequencies for (a) 0.85PMN-0.15KBT, (b)  0.75PMN-0.25KBT and (c) 

0.65PMN-0.35KBT compositions 

Activation energies are decreased with increase of the amount of KBT in all samples.This may   due to the disordering cations betwe
en the neighboring sites which promote the growth of polarization conduction (ferroelectric phase). The higher concentration of 
KBT substituted for PMN distorts the unit cell, changes the dipolar moment, and induces strain in the lattice [37]. The high 
activation energies at high temperature suggest that the conduction mechanism of the compounds may be due to hopping of charge 
carriers. The activation energy of the compound decreases on increasing frequency. So that, in higher temperature region the 
activation energies are found to decrease with increase in frequency. 

Table3.1: Temperature regions and associated activation energies For PMN- KBT ceramics 

Composition (x) Activation Energy (eV) 
At (1kHz) 

(400-500OC) 
At(400KHz) 
(400-500OC) 

At(1MHz) 
(400-500OC) 

   
0.15 0.74 0.50 0.41 
0.25 0.52 0.35 0.30 
0.35 0.28 0.22 0.19 
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(Figure3.2) shows logσac versus logf plots of frequency dependent ac conductivity of (1-x)PMN-xKBT compositions at various 
temperatures. A typical frequency dependence of conductivity exhibits three distinguished regions: (a) low frequency dispersion (b) 
an intermediate frequency plateau (frequency independent dc conductivity) and (c) an extended dispersion at high frequency [38]. 
The variation of conductivity in the low frequency is attributed to the polarization effects at the electrode and electrolyte interface. 
As the frequency reduces, more and more accumulation occurs at the electrode & electrolyte interface and hence drops in 
conductivity. In the intermediate frequency plateau, conductivity is almost found to be frequency independent and is equal to dc 
conductivity σdc. In the high frequency region, the conductivity increases with increase in frequency. The frequency dependence of 
conductivity or so-called universal dynamic response (UDR) of ionic conductivity is related by a simple expression given by 
Jonsche′s power law [39].  

(߱)ߪ = ௗ௖ߪ + ௔௖ᇱߪ = ௗ௖ߪ + ௡߱ܣ                                                            (3.7) 
Where   σ(ω) is the total conductivity and Aωn  is called the ac conductivity 

The first term is the temperature-dependent (frequency-independent) dc conductivity due to the excess of electrons in the conduction 
band, and is related to the drift mobility of the electric charge carriers. The second term represents the frequency and temperature 
dependent ac conductivity (σac) and is attributed to the dielectric relaxation caused by the localized electric charge carriers and 
where A is ac constant for a particular temperature and n is a power exponent which represents the degree of interaction between 
mobile ions and the environment surrounding them which generally varies between 0 and 1[40]. In the present study, the frequency 
dependence of ac conductivity does not seem to follow the simple Jonscher’s power law. Rather it seen to follow a double power 
law [41-45] given as:  

(߱)ߪ = (݋)ߪ + ଵ߱௡భܣ  +  ଶ߱௡మ                                                  (3.8)ܣ
Where σ0 is the frequency independent (electronic or DC) part of AC conductivity. The exponent n1(0 ≤ n1 ≤ 1) characterizes the 
low frequency region i.e., it corresponds to the grain-boundary conductivity corresponding to the translational ion hopping whereas 
the exponent n2 (0 < n2 < 2) characterizes the high frequency region i.e., to the grain conductivity indicating the existence of well 
localized relaxation/re-orientational process [46]. It is evident that when ω = ωp , both terms in above equation are equal to the dc 
conductivity where from the figure, it is noticed that in the low frequency region, the second term in the above equation makes no 
contribution to the ac conductivity while the first term doesn’t contribute to the conductivity at high frequencies. Taking in account 
the dc contributions in both frequency regimes, the following expressions hold for the experimental data: 
(߱)ߪ               ≈ (݋)ߪ + ଵ߱௡భܣ            , ω< ω p                          (3.9) 
                                                                                                                                                                                      
(߱)ߪ               ≈ (݋)ߪ  +  ଶ߱௡మ        , ω > ω p                           (3.10)ܣ
Where n2=0 for ω < ω p and n1=0 for ω > ω p, where ω p   is the frequency at which slope change occurs and shifts to lower 
frequencies with increase in temperature and this frequency at which the slope changes is known as hopping frequency. 
As indicated above, the frequency dispersion spectrum obtained in this study shows two well defined frequency regions in which the 
conductivity follows a power law behavior with different exponent’s n1 and n2 for low and high frequency regions, respectively. 
Schematic plot of the conductivity data exhibiting both low and high frequency dispersion is given by fig.3, 2 below.   

Fig.3.2 Frequency dependence of the ac conductivity at different temperatures for (a) 0.85PMN- 0.15KBT, (b) 0.75PMN-0.25KBT, 
(c) 0.65PMN-0.35KBT compositions 
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B. Piezoelectric Property 
Piezoelectric materials have the ability to provide desired transformation from mechanical to electrical energy and vice versa. When 
a mechanical force is applied to the piezoelectric material an electrical voltage is generated and when an electrical voltage is applied 
to the piezoelectric material it gets strained or deformed. Owing to these characteristics piezoelectric materials can be used as a 
sensor, an actuator, as well as a power generation unit. Among many piezoelectric materials studied, the best material is modified 
Pb(Ti,Zr)O3 whose coupling coefficient values range in between 0.5-0.7. Rochelle salt (Potassium sodium tartrate tetrahydrate) 
(KNaC4H4O6·4H2O) at its Curie point has a coupling coefficient as much as 0.9 [26]. The piezoelectric properties of (1-x)PMN–
xKBT solid solutions are summarized in table 3.2. The piezoelectric constant (d33, induced polarization in direction 3 (parallel to 
direction in which ceramic element is polarized) per unit stress applied in direction 3 or induced strain in direction 3 per unit electric 
field applied in direction 3) value has been measured for the poled (1-x)PMN-(x)KBT samples. The poling of piezoelectric ceramics 
after fabrication is an important stage in the results obtained for the samples. Because of the possibility of dielectric break down 
under high-applied fields, the objective in all poling situations is to induce the maximum degree of domain re-orientation for the 
lowest applied field and in the shortest possible time. In this study, Poling treatment was carried out in the temperature range from 
room temperature to 150OC and in the electrical field range from 9kV/mm. The piezoelectric constant (d33) obtained is 70.6pC/N, 
74.3pC/N,79.4pC/N for compositions (x) 0.15, 0.25 and 0.35 respectively. As it is given in the table3.2 below, the d33 values were 
measured for (1-x)PMN-(x)KBT compositions (x= 0.15, 0.25 and 0.35). It is observed that the ceramic x=0.35 composition has 
shown the maximum d33 =79.4pC/N, when compared with other compositions.  
 The admittance measurements as a function of frequency in the radial mode of thin (1-x)PMN-(x)KBT samples yields resonance 
and anti- resonance peaks at room temperature as shown in figure 3.3 a,b and c. The resonance and anti resonance peak frequencies 
are obtained from the plots and the planar coupling coefficient is computed. The values are given in the table3.2. The difference in 
resonance and anti-resonance frequencies yields a large planar coupling coefficient KP that is 0.68 in the (1-x)PMN-(x)KBT ceramic 
samples for the composition x = 0.35. These values are higher than those provided by lead free potassium bismuth titanate(KBT) 
and sodium potasiom bismuth titanate(NKBT)based piezoceramics. For instance, according to Weda [47], where the density of the 
KBT ceramics was 92% of the theoretical one, kp = 0.136.  Hiruma[24]  report the piezoelectric properties of hot pressed KBT 
ceramics (K33=0.28 and d33=69.8pC/N for hot pressed method KBT prepared at 1080OC. Rao and sankaram[26] found that, the 
piezoelectric constant d33 = 56.6pC/N and planar coupling coefficient KP = 0.59 for KBT ceramic samples and Kp = 0.56, d33 = 0. 
72pC/N for NBT-KBT(NBT) systems. But still these values obtained are less than reported values for lead based lead magnesium 
niobate (PMN) and lead magnesium niobate-lead titanate(PMN-PT), lead zirconate titanate (PZT).for instance, Single crystal of 
PMN-PT with compositions near the MPB have been reported to display very high piezoelectric coefficients (d

33 
> 2500 pC/N) and 

very high electromechanical coupling factors (k
33

>92%),  lead zirconate titanate (PZT) based piezoceramics (600 pC/N to 700 pC/N 

and 0.17%) [48-49]. The 0.65PMN-0.35PT ceramic sintered at 1300oc with density of 7.76g/cm3 showed d33 of 515 pC/N and Kp of 
0.56 [50]. Some compositions of PMN-PT single crystals exhibit a very high piezoelectric coefficient (d33~1240 pC/N) and 
electromechanical coupling coefficients (k33~0.923) [51-52]. Recently, researchers have also reported that PMN-PT single crystals 
have highest piezoelectric coefficient (d33 ~ 1500 pC/N) and a high electrochemical coupling coefficient (k33 ~ 0.82) for <112> 
grain-oriented PMN–PT ceramics [53].  

Table3.2 Electro mechanical coupling and piezoelectric coefficients for NKBT system 
composition Fr(Hz) Fa(Hz) Kp d33 pC/N 

x=0.15   9956434.34 12925946.10 0.63     58 

x=0.25    9685034.38 12748556.80 0.66      67 

x=0.35 11590935.13 15878722.04 0.68     79.4 
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Figure3.3 Resonance and anti-resonance plots for (a) 0.85PMN- 0.15KBT, (b) 0.75PMN-0.25KBT, (c) 0.65PMN-

0.35KBT compositions 

IV.  CONCLUSIONS 
Polycrystalline (1-x) PbMg1/3Nb2/3O3 - (x) K½Bi½TiO3 with composition x = 0.15, 0.25 and 0.35 
prepared through a high temperature solid state reaction technique was found to have a single phase perovskite type structure. The fr
equency dependent ac conductivity at different temperatures indicated that the conduction process is thermally activated 
process. The (I-x)PMN-xPT materials show great promise for sensor and actuator applications. They possess very high 
electromechanical properties which can be greatly varied by composition and ac bias field. A further understanding of the atomic 
level structure of PMN-KBT and the Relationship to processing and electrical properties will be of great significance for transducer 
applications including medical ultrasonic. 
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