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Abstract
The present work relates to the synthesis of zirconium-doped BaTiO3. The synthesis was performed by a low
temperature sol-gel method. The research is aimed at developing a target for magnetron sputtering of layers on an
alloy steel substrate and others. The obtained phases were analyzed by XRD analysis, infrared spectroscopy was
performed and the dielectric constant of the obtained sample was determined
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1. Introduction
Ceramic capacitors are the most common type of capacitors with a significant share of total
world production of electric capacitors due to the many advantages [1,2]: high values of ε,
simple design, wide range of capacitance values (from parts of pF to hundreds of μF), relatively
high stability in aggressive environments, structural compatibility with hybrid integrated
circuits and other microelectronic elements. Capacitor ceramics with increased resistance to the
values of dielectric constant in a wide temperature range and the presence of a zonal microheterogeneous structure obtained on the basis of BaTiO3 (BTO) and solid solutions have been
developed. The presence of phase transitions in accordance with the temperature values of the
medium partially limits the possibilities for application of barium titanate [1-3].
The modification of barium titanate simultaneously by different modifying components allows
the production of materials with high values of dielectric permittivity [3,4] and the presence of
a structure composed of aggregates with semiconductor properties and intergranular dielectric
layer. The introduction of ions with a tendency to replace Ba2+ or Ti4+ and the presence of higher
valence values provokes the formation of semiconductor properties of ceramic grains, while the
presence of modifiers (with valence values lower than 2 or 4) replacing Ba2+ or Ti4+, favours
the development of dielectric characteristics of the intergrain layers. [10,11,12,13]
The structure, grain size, synthesis methods and modification have a positive effect on the
properties of WTO. Granting has been found to be an effective method for changing the
properties of materials. [5]
When Zr is added to BaTiO3, the obtained ferroelectric BaZrxTi1-xO3 has a dielectric constant
at room temperature of 10586 [6] Ba (Ti0.7Zr0.3)O3 for (Tc) equal to room temperature has a
high dielectric permittivity of 5000. [7,8].
BTO thin films can be deposited by various known methods such as high frequency magnetron
sputtering, laser deposition, dip-coating, spin-coating and the like.
In the present work, the research is focused on the synthesis of Zr donated BaTiO3 and the
development of a target for magnetron deposition of thin layers. The phase composition and the
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relative dielectric constant were studied. Attention is paid to the influence of the modifier on
the structure of the ceramic phase.

2. Experimental part
Barium acetate [Ba (Ac)2] and titanium butoxide [Ti(OBu)4] were used as precursors for the
synthesis of sols. Solvents are absolute ethyl alcohol (C2H5OH), water and nitric acid (HNO3);
and acetic acid (CH3COOH) complexes also used as solvent stabilizers, in some cases
acetylacetone (CH3COCH2COCH3) or diethanolamine [NH(CH2CH2OH)2] were added. In the
process of sol synthesis, it was found that in order to avoid undesired precipitation or gelling,
the addition of the solutions or the mixing of the individual sol should be carried out very slowly
with very good homogenization using a magnetic stirrer.
Depending on the type and amount of solution, the homogenization time can reach half an hour
or even more. When obtaining ash, it is necessary to add a complexing agent (stabilizers). It
was found that in some cases – for example in the preparation of Sm donated barium titanate
ceramics, a non-traditional complex for titanate ceramics – diethanolamine – must be added.
Less concentrated solutions are also used to obtain stable sols. Thus, for [Ti(OBu)4] the sols
obtained have molarities in the range 0.2 – 0.6 M.
The following approach was used to obtain sols containing modifying additives: the modifying
additive in the form of an oxide or inorganic salt is dissolved. The resulting solution was added
to the precursors barium acetate and titanium butoxide. This results in the final sol, which gels
after proper air temperature treatment. In the preparation of sol, which contains a modifying
additive Zr, the following synthesis is carried out: The precursor – zirconium oxychloride (1g)
is dissolved in 31 ml of absolute alcohol and acetylacetone (complexing agent) and nitric acid
(acid catalyst) in the ratio: HNO3: CH3COCH2COCH3 = 3:1:1 to give zirconium sol. 3.946г.
barium acetate was dissolved in water to give sol. Titanium butoxide (4.2 ml) was added to a
mixture of 25 ml of absolute alcohol and 25 ml of acetic acid to give a sol of [Ti(OBu)4]. Mix
the sol of [Ba (Ac)2] with the sol of ZrOCl2.8H2O – a new sol A is obtained, to which the sol
of [Ti (OBu)4] is added.
Thus, the final sol B is already synthesized. The final sol thus obtained gels at room temperature
for 48 hours. If necessary, it is additionally dried in an oven at 100oC. The resulting powder
sample is ground in an agate mortar and the following analyzes are performed to prove
monophase and determine the relative dielectric constant.

3. Results and discussion
The characterization of the synthesized powder ceramics was performed by X-ray diffraction
(XRD, Bruker D8 Advanced). The results are presented in fig. 1. The presence of a single phase
is clearly visible. The characteristic peaks are of the Zr subsidized BaTiO3 cubic phase.
The size of the crystallites is 19µm.
Infrared spectroscopy proves the results of XRD. The band at 556 cm-1 and the arm at 664cm1
are attributed to valence oscillations of TiO6 octahedra and valence oscillations associated with
the Ba ion. Very weak bands at 1467 cm-1 and 1633 cm-1 are characteristic of the presence of
COO-groups. The wide very weak band at 3450 cm-1 is attributed to valence fluctuations of OH
groups [9,14,15].
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Fig. 1. XRD of cubic Zr doped BaTiO3 phase prepared at 1000oC thermal treatment

Fig. 2 Infrared spectroscopy of Zr doped barium tiatanate

The relative dielectric constant is also determined. Very high dielectric constant was recorded
for BaTiO3 donated with Zr ions, which significantly increased the dielectric constant of barium
titanate itself at room temperature.
The inclusion of trivalent ions, in which an extremely high value of the dielectric constant of
BaTiO3 at room temperature, has been reported, thus improving the performance of the
respective energy storage devices (capacitors and supercapacitors). It was found that the
dielectric constant depends very strongly on the size of the crystallites and with decreasing their
size it initially increases, but then decreases, i.e. a maximum is observed.
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Fig. 3 Relationship between the RDP (relative dielectric permittivity) and measured temperature.

4. Conclusion
The effects of Zr4+ ions on the crystal structure, ferroelectric and dielectric behavior of the
modified barium titanate ceramics were thoroughly studied. Emphasis was placed on the
efficiency of Curie point displacement by Zr-doping in Ba (Zr,Ti)O3 ceramics and the
possibility of their application as capacitor dielectric materials.
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