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- -- ABSTRACT
The dielectric behavior of PbZrg.5,Tig4s0; have been carried out at the X-band microwave frequency. The
composite material was prepared by using solid state reaction method. The dielectric constant (¢'), dielectric

loss ("), quality factor ( = Flr")’ relaxation time (z) and conductivity (o) of PZT having particle sizes 500,
250,176.5and125 microns have been studied at different temperatures i.e. -10°+10°+30° and +50%. The

experimental dielectric values have been verified by using correlation formulae’s of Landau-Lifshitz-Looyenga
and Bottcher. It founds the good agreement with experimental values.
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l. INTRODUCTION:

Perovskite P,Zr,,TiyOs ceramics are the most widely used Ferroelectric materials because & their
excellent properties. The highest piezoelectric and electromechanical coupling co-efficient have been obtained
for compositions nears the morpho tropic phase boundary (MPB) between rhombohedra and tetragonal phase.
Piezoelectricity was first discovered by Jacques and Pierce Curie in 1880, and other materials later discovered
included Rochelle salt, BaTios P,Tios (PyZrosz Tio4s03), €tc. Since lead zircon ate titanate (PZT) her excellent
piezoelectric properties, a high curies temperature, high spontaneous polarization and high electromechanical
coupling co-efficient it has become an important industrial product.

The compound Py (Zros, Tigag)Os (PZT) has great piezoelectric properties which can apply in
transducer applications [1]. The optimized PZT thin film was also to successfully fabricate an acoustic device.
The device could be used as a transmitter or as a receiver [2]. PZT is one of the best know Ferroelectric material
due to its remarkable ferroelectric and piezoelectric properties in polycrystalline from [3-5]. It is most widely
used piezoelectric ceramic materials in devices like actuators, ultrasonic, transducers, sensors, resonators,
ferroelectric memory, optoelectronic, piezoelectric transformers [6-8]. Study of dielectric materials in
microelectronics devices gave rise to a new generation of microelectronic devices, such as
microelectromechanical systems, non-volatile random access memory microwave integrated circuits [9]. The
dielectric, elastic and piezoelectric properties of Ferroelectric materials are dependent on frequency and
amplitude of the driving field. Materials exhibiting piezoelectricity as well as nonlinear dielectric behavior are
named as Ferroelectric materials. These types of materials have wide range of applications as sound wave
detector, phonograph, pickups, microphones, accelerometers, biomedical field, capacitors etc.[10]. The main
objective of this work is to prepare the PZT material and to study its dielectric parameters for various grain sizes
and temperatures. The similar work has been done by other researchers [11-14].

1. EXPERIMENTAL PROCEDURE:
Synthesis of material : PZT composite material was prepared for microwave studies by using solid state
reaction method. In SSR method, the solid reactants react chemically without presence of any solvent at high
temperatures yielding a product which is stable. The advantage of SSR method is that final product in solid
form is structurally pure with the desired properties depending on the final sintering temperatures. This method
is environment friendly and no toxic an unwanted waste is produced after the SSR is complete. The steps
involved in SSR are —
[1] Take weighed appropriate high purity starting materials, fine grain powders in stoichiometric properties.
[2] Mix them together, thoroughly using agate mortar and pestle or ball milling.
[3] Heat the solid powder mixture (calcinations) at elevated temperatures in air using muffle furnace.
[4] Report the calcinations process twice with intermittent grinding.
[5] Final powder is ready.
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The high purity AR grade Pbs0, ZrO,T;O, were used as starting materials for the solid state reaction.
[15]. These constituents were weighed and mixed thoroughly. The composite material was prepared for 50gm.
Pbs;0O4 ZrO, & T,0, are estimated as per P, Zrgs,Tigss O3 SO that total molecular wt.is 318.424gm. Then after
estimating the samples of weights Pb;0, ZrO, & T;0, had taken as 212.536, 73.932 and 31.956 gms respectively
out of 50 gms. Then this was mixed in stoichiometric proportion has been grinded about 3% hours continuously
using agate mortar for first calcinations. This mixture was initially sintered at temp 800% for a time about 4
hours in a muffle furnace. Then after first calcinations the sample was again grinded or 1% hrs and kept about 4
hrs. at 1200% for final sintering. The chemical reaction at high temperature take place, through solid state
reaction giving a stable sample product free of residual reactants.

Material preparation for Dielectric studies :For the determination of dielectric parameters of PZT were
prepared by using sieves of different sizes. Like 500, 250, 176.5, 125 microns particle sizes. All the samples
transferred into the glass bottles and labeled according to their particle size. To determine the relative packing
factor (dr) densities for each powder sample is measured, measurement of dielectric parameters (¢”) and (&") for
these powder samples were carried out using reflectometer technique at 9.85 GHz [10 to 13] microwave
frequency and at temperatures (-10°%, +10%, +30°% & +50°c).For the accurate measurement of wavelength in
dielectric (A4), sample is introduced in the dielectric cell in steps. Applying constant force of 98N on the
sample, and for each time the corresponding output power is measured by using crystal pick in the directional
coupler. The relationship between reflected power and sample height is approximately given by a sinusoidal
curve. The distance between two adjacent minima of the curve gives half the dielectric wavelength (1q).

Determination of molecular parameters: The dielectric constant (¢") and loss factor (¢”) for PZT powder at
microwave frequency are determined by using relations [16].

S (—") + —") ........ 1)

A
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Where 4y is the free space wavelength
Ag is the wavelength in dielectric
A, is the cutoff wavelength of waveguide
/g is the guide wavelength
The conductivity (a,) and relaxation time (z,,) are obtained by using following relations.
Op = .:;:-EDE' ...... 3)
T, = e fwe L. 4)
Where w = 9.85 GHz angular frequency of measurement g, is the permittivity of free space.
The values of £, and , for bulk materials can be co-related by using the relations given by Bottcher
and Landau — Lifshitz — Looyenga.

1. RESULTS AND DISCUSSION :

Table 1 shows values of permittivity (€,) and loss factor (E_;J) along with values of relative packing
fraction (3r) for different particle sizes and temperatures. There is systematic increase in €, and E_; with
increasing dr. and systematic decrease in E:ﬂ and E_;, with increasing temperature. This is expected because at
higher values of or the interparticle hindrance offered to the dipolar motion for a compact medium is much
higher than less bounded particles. The calculations of quality factor (Qxf) where f is resonant microwave
frequency are also mentioned in table 1. It is found decrease in Q x f values for decreasing particle size and by
increasing temperature the Q x f values increases. The values of relaxation time (t,) and conductivity (c,) are
increases systematically by increasing dr and decreases by increasing of temp. It is due to, when polar
molecules are very large, then under the influence of high frequency the rotary motion of polar molecules of a
system is not sufficiently rapid to attain equilibrium with field. The increase in 1, by increasing J; is due to
increasing hindrance to the process of polarization. The increase in o, suggests that at higher compaction, no
micro cracks develop in sample due to high mechanical pressure. As temp increases, T, decreases may be due to
increase in the effective length of dipole. Again increase in temp, causes an increase in energy loss due to the
large number of collisions and thereby decreasing T,

Table 2 indicates the measured and computed values of e,and €, for bulk from powder
measurements. The results reported at 6r = 1 are those measured on the finest crushed powder sample packed at
very closely in a sample holding dielectric cell at 98N force, so minimum voids between the particles. The
smallest particle size 125 micron or less assumed this system as solid bulk for getting correlation between
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powder and solid bulk. The correlation formulae of Landau — Lifshitz — Looyenga and Bottcher was used. The
bulk values &, and &, are very much closer to measured values.

Table 1. Values of E];,, €y, Q x f, T, and o, of PZT at different temperatures and particle sizes.

Temperature I;g::itilr\:g < . o=1/ QxF T 5
0 o o -
() factor (Or) ' ' an GHz (PS) i
0.86 32.35 4.08 7.93 78.11 2.04 2.23
-10 0.90 4441 6.60 6.73 66.33 2.40 3.61
0.94 53.18 8.67 6.13 60.43 2.64 471
1.00 64.87 11.71 5.54 54.60 2.92 6.41
0.86 25.45 2.83 8.99 88.58 1.78 1.55
10 0.90 37.66 5.14 7.33 72.16 2.21 2.81
0.94 46.38 7.05 6.58 64.80 2.45 3.85
1.00 55.78 9.32 5.98 58.95 2.71 5.10
0.86 23.16 2.45 9.45 93.10 1.71 1.34
30 0.90 33.56 431 7.78 76.65 2.07 2.36
0.94 40.82 5.81 7.03 69.22 2.30 3.17
1.00 50.76 8.08 6.28 61.87 2.57 4.42
0.86 20.56 2.04 10.07 99.19 1.60 1.11
50 0.90 27.17 3.13 8.68 85.58 1.86 1.71
0.94 34.85 4.57 7.63 75.13 2.11 2.50
1.00 40.82 5.81 7.03 69.22 2.30 3.17

Table 2. Measured and calculated Values of €, and &, for solid bulk from PZT at different
temperatures and packing fractions.

Relative Calculated | Calculated Calculated | Calculated

. Measured Measured
Temperature | packing value from from value from from
(°c) factor <! Bottcher’s L-L-L = Bottcher’s L-L-L
(8r) ! E: £, 7 €, E:
0.86 32.35 40.52 39.74 4.08 5.51 5.16
10 0.90 44.41 51.19 50.68 6.60 8.14 7.76
0.94 53.18 58.28 56.66 8.67 9.80 9.52
1.00 64.87 64.87 64.87 11.71 11.71 11.71
0.86 25.45 31.79 31.78 2.83 3.81 3.58
+10 0.90 37.66 44.03 44.02 5.14 6.33 6.04
0.94 46.38 50.82 50.81 7.05 7.97 1.74
1.00 55.78 55.78 55.78 9.32 9.32 9.32
0.86 23.16 28.89 28.50 2.45 3.30 3.1
+30 0.90 33.56 39.20 38.48 4.31 5.31 5.07
0.94 40.82 44.70 43.75 5.81 6.56 6.38
1.00 50.76 50.76 49.14 8.08 8.08 8.08
0.86 20.56 25.60 25.30 2.04 2.74 2.58
+50 0.90 27.17 31.69 31.22 3.13 3.85 3.68
0.94 34.85 38.14 37.22 4.57 5.16 5.02
1.00 40.82 40.82 40.03 5.81 5.81 5.81
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V. CONCLUSION:
It is found there is fair agreement of values dielectric constant between values obtained experimentally
and theoretically given by Landau — Litshitz — Looyenga and Bottcher between powder and solid bulk works
well.
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