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In this work we report the synthesis of the Ph{E8lby 5)O3 (PFN) powders and sintered
ceramics. The ceramics were prepared from oxidesOkeNb.Os and PbO by two-stage
columbite method by calcination. PFN powders were driedfangied in samples in shape
of discs(10 x 1) mm® and rectangular baf@26 x 10 x 1) mm?®. The samples were sintered
by conventional ceramic sintering (CCS) method at tempegaif 1323 K for 2 h in air. The
density of the ceramic samples was determined tp be 8200 kg/m®. The obtained results
of investigations of electric and mechanical propertieshsas: Young's modulug, electric
permittivity ¢ and tangent of dielectric loss of anglen § of the Pb(Fe.5Nby.5)O3 ceramics
obtained are presented.
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1. Introduction

Compounds with perovskite type structure can be treatecbdeimaterials because
of the richness in physical properties and relatively semgifucture. These materials
have found many technical applications viz., computer nré&sppyroelectric sensors,
piezoelectric transducers and multilayered capacitarstte first time MOLENSKII et
al. [1] have synthesized lead iron niobiate hence after aldiex as PFN. It is a dis-
order captive type ferroelectric material with magnetidesing having rhombohedral
symmetry ¢ = 4.017 Aanda = 89.57 A) which exhibits broad phase transition around
383 K [2—4]. Lead iron niobiate, Pb(F:eNby 5)O3 (PFN) belonging to the complex per-
ovskite family of structures, exhibits frequency deperdendielectric properties. The
very low reactivity with silver [5], low sintering temperaes easy synthesizability and
high permittivity of PFN make it a very interesting compotierthe commercial electro
ceramic materials. The presence of Fe leads to high conityaind hence dissipation
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factor,tan d, is very high. The coexistence of ferroelectricity and thegmetism in the
PFN materials may have advantage for electro-magneticeepplications, because
most of the electronic devices work with not only the elecfield, but also magnetic
field or both simultaneously [6].

In this work, the obtained results of investigations of gieand mechanical prop-
erties such as: Young’s modulig electric permittivitye and tangent of dielectric loss
of angletan ¢ of the Pb(FgsNby 5)O3 ceramics obtained are presented.

2. Experiment

PFN perovskite ceramics were prepared by following congeat method. Initial
ingredients PbO, E®3; and N O5 were dried for 4 hrs. Firstly, FeNbQvas prepared
by taking Fe O3 and N Os in 1 : 1 molar ratio. The above ingredients were calcined at
1273 K for 4 hrs. During calcination FeNh@orms according to following solid state
reaction:

Later it was crushed and pulverized with PbO by reacting:

at the temperature of 1123 K for 4 hrs.

Finally, the slurry of powders was dried and formed in sammheshape of discs
(10 x 1) mm? and rectangular ba(26 x 10 x 1) mm?. The samples where sintered by
conventional ceramic sintering (CCS) method at tempegatfil 323 K for 2 h in air.
The density of the ceramic samples was determined joe3200 kg/m?.

The temperature dependences of the electric paramet€ysand tan §(7") were
determined for the samples in the shape of discs during thingeprocesses at the rate
of 3 K/min. In order to do it the capacity bridge type QuadTé&20 Precision LCR
Meter was used. The measurements of the temperature depesds internal friction
Q~1(T) and temperature dependences of Young’s mod#l(iE) were performed by
automatic resonance mechanical spectrometer of the RAKE ¢ontrolled by com-
puter. The measurements were conducted for the samples shtpe of rectangular
bars during the heating process at the rate of 3 K/min.

3. Results and discussion

Figure 1 demonstrates the temperature dependences of timgsanodulusk (7T')
and the internal frictiorQ~!(T') for the tested ceramic samples for two different res-
onance frequencies, which the values at the room temperaterrespectivelyf, =
799 Hz andf, = 852 Hz. It is visible clearly, that together with increasing tfsues of
the frequencies, the values of the Young’s modulus are &serelt is compatible with
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dependence used in calculations:
E—o468x (T Pomd g 3)
- . h b [ah]

wherel,., h, b andmy — respectively: length, thickness, width and mass of vileraart
of the sample.
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Fig. 1. The dependences BIT") andQ*(T) for the tested PFN ceramics.
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In the temperature range from390 K to~465 K distinct changes of the valués
correlated with maximunPrc on the@Q~!(T) dependences are observed. The maxi-
mum Ppc does not change its temperature position even though therehanges in
frequency. However, an increase in height of the: together with decrease in the fre-
quency is observed. Such behavior of e related withE(7") changes shows that
it is responsible for ferroelectrie> paraelectric phase transition. Another maximum of
the internal friction calledPry is observed in the temperature range frerh60 K to
~120 K. On the basis of investigations of other scientists3[Ave believe that it is
responsible for paramagnetie antiferromagnetic phase at the Néel temperature. The
value of the Néel temperature is about 140 K [9]. However,asdte nature and be-
havior of this Pry maximum have not been established yet and investigatioh®evi
conducted further in this scope.

Figure 2 shows the temperature dependences of electridtpeitsn <(7") and tan-
gent of dielectric loss of anglewn §(7") obtained for the PFN ceramic samples. A broad
peak ofe in the temperature range from325 K to ~450 K with maximum value at
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Te = 390 K originated from phase transition is observed on 4(€) dependences.
The peak confirms the phase transition observed before o théT") dependences.
The character of thean 6(7") dependences is connected with a process of domain re-
orientation and associated with loss in electric conditgtiincrease in the temperature
range above phase transition).
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Fig. 2. The dependences«fl’) andtan §(7") for the tested PFN ceramics.

The temperature dependences:@f’) show diffuse character and can be well de-
scribed by the linear and quadratic Curie—Weiss law (Fig8) the paraelectric phase,
aboveT; = 398 K to 442 K temperatures, this law can be used in the form:

“TT-T,
whereC(,,, is the paraelectric Curie—Weiss constant being £ {8 K. For the ferro-
electric phase in the temperature range ffbm= 364 K to 309 K the area applicability
of linear Curie—Weiss law can be used as follows:

CCW (5)
T —T'
whereCy,;, is the ferroelectric Curie—Weiss constant belng x 10° K.

The temperature range froffi to 75 corresponds to the diffuse phase transition.
Within the temperature range frof, to 7 the experimentad(7") curve follows to the
quadratic Curie—Weiss law as:

Lol LK@ T ®)
€ E  Em
wheree,, is the value of electric permittivity af,, = T = 390 K temperature and’
is constant equal t8.52 x 10% K2,

E =
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Fig. 3. The dependences bfs(T") for the tested PFN ceramics.

4. Conclusions

The experimental results obtained in this work show thatféatures of low-fre-
guency internal friction and Young’s modulus in the feremtic and paraelectric phases
as well as in the vicinity of the Curie temperatufe of Pb(Fe sNby ;)O3 ceramics
are considerably due to the dynamics of crystal lattice dsfand domain walls. It
was found that the changes in the temperature dependentke ¥bung's modulus
E(T) and internal frictionQ~!(T") correspond to the temperature range of the diffuse
ferroelectric phase transition determined from electreasurements of the(7") and
tan §(7") dependences. In the work it was shown that PFN ceramics hadditional
maximum at the Néel temperaturel 40 K, related to the antiferromagnetic phase tran-
sition.

References

[1] SMOLENSKII G.A., Bokov V.A., Isupov V. A., KRAINIK N.N., PAsYNKOV R.E., SOKoO-
LoV A. |., Ferroelectrics and Related Material&ordon and Breach Sci. Publishers, New York 1984.

[2] Bokov V. A., MYLINIKOVA |.E., SMOLENSKII G.A., J. Exp. Theor. Phys. USSR, Phys. S&2,,
643 (1962).

[3] I'suPovV. A., AGRANOVSKAYA A. L., KHUCHUA N. P., Bull. Acad Sci. USSR, Phys. S&4, 1268
(1960).

[4] SMoOLENSKII G. A., J. Phys. Soc. Jpr28, 26 (1970).



116 R. ZACHARIASZ, J. ILCZUK

[5] LU C.H., LinJ.Y., Ceram. Int.23, 223 (1977).

[6] SINGH K., BAND S. A., Ferroelectricsl 75 193 (1996).

[7] MARYANOWSKA A., PIETRZAK J., Ferroelectricsl62, 81 (1994).

[8] TAwWFIK A., ABD EL-ATI M. |., ABOU-SEKKINA M. M., J. Phys. Soc. Japab4, 2730 (1985).
[9] IvaNov O. N., XRIPTCHENKO E. A., PRYAKHINA M. E., Ferroelectrics298 145 (2004).



