Kalcio jtaka dielektrinei BaZr,Ti; O3 Kietyjy tirpaly relaksacijai

Dielectric relaxation in Ca-modified BaZr,Ti; O3 solid solutions
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Barium titanate (BTO) is a first inorganic material
where the ferroelectricity was discovered. Barium
titanate has a perovksite structure in which
ferroelectricity occures due to the off-centering of Ti ions
in oxygen octahedral cage. The material undergoes three
consecutive phase transitions [1]. The high temperature
phase is paraelectric which transforms to the tetragonal,
orthorhombic and rhombohedral ferroelectric phases
when the temperature decreases.

Barium titanate can be considered as a
multifunctional materials for different applications. The
largest application area of BTO is multilayered ceramic
capacitors due to its large weakly temperature dependant
permittivity in the vicinity of room tempreature.
Unfortunately, the loss and energy storage density of
such capacitors are strongly dependant on the domain
structure of the ferroelectric phase of BTO. In order to
maximize the energy storage density and decrease the
loss which arise due to domain wall motion, it is
necessary to modify BTO to pin the domains or reduce
their density.
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Fig. 1 Temperature dependence of Havriliak-Negami
relaxation time in BCZT solid solutions.

One of effective ways to diminsh domains and their
walls is to incorporate different ions in the A and/or B
sites of perovskite lattice. The most popular ions to
introduce instead of titanium are Zr** [2] , Sn*™* [3,4],
Ce™ [5]. These isovalent substitutions diminishes
ferroelectric behaviour. A gradual transition from
ferroelectric to relaxor properties are observed. The
dielectric anomaly is shifted to lower temperature with
an increase of dopant concentration. This is attractive
feature since the paraelectric phase is stabilised at room
temperature. Thus, it is a good feature for potential

application since the losses will be diminished while
frequency independant large permittivity persits.

In this contribution we investigate how 10 percent of
calcium ions at the A-site modifies the dielectric
relaxation for two prominent BaZr,Ti;.,Os (x = 0.5 and
0.6) compositions. Figure 1 represents the temperature
dependence of Havriliak-Negami relaxation time in both
compositions. It will be revealed that the dielectric
anomaly is further shifted to lower temperatures.
Calcium ions do not modify polar fluctuations in these
materials.

ACKNOWLEDGMENT

This project has received funding from European
Social Fund (project No 09.3.3-LMT-K-712-19-0052)
under grant agreement with the Research Council of
Lithuania (LMTLT).

Keywords: dielectric spectroscopy, ferroelectricity,
perovskites, phase transitions, relaxor ferroelectrics

References

[1] P. W. Forsbergh, Domain Structures and Phase
Transitions in Barium Titanate, Phys. Rev. 76,
1187 (1949).

[2] D. Nuzhnyy, J. Petzelt, M. Savinov, T. Ostapchuk,
V. Bovtun, M. Kempa, J. Hlinka, V. Buscaglia, M.
T. Buscaglia, and P. Nanni, Broadband Dielectric
Response of Ba(Zr,Ti)O; Ceramics: From Incipient
via Relaxor and Diffuse up to Classical
Ferroelectric Behavior, Phys. Rev. B 86, 014106
(2012).

[3] N. Horchidan, A. C. lanculescu, C. A. Vasilescu, M.
Deluca, V. Musteata, H. Ursic, R. Frunza, B. Malic,
and L. Mitoseriu, Multiscale Study of
Ferroelectric—Relaxor Crossover in BaSnxTil—xO03
Ceramics, Journal of the European Ceramic
Society 34, 3661 (2014).

[4] V. V. Shvartsman, J. Dec, Z. K. Xu, J. Banys, P.
Keburis, and W. Kleemann, Crossover from
Ferroelectric to Relaxor Behavior in BaTil— x Sn x
03 Solid Solutions, Phase Transitions 81, 1013
(2008).

[5] G. Canu, G. Confalonieri, M. Deluca, L.
Curecheriu, M. T. Buscaglia, M. Asandulesa, N.
Horchidan, M. Dapiaggi, L. Mitoseriu, and V.
Buscaglia, Structure-Property Correlations and
Origin of Relaxor Behaviour in BaCexTil-XO3,
Acta Materialia 152, 258 (2018).



