
Results
Fig. 1. shows temperature dependency of real and complex parts of

dielectric permittivity in 129Hz – 1MHz frequency range for concentrations x={1 %,

2 %}. Fig. 2 shows the same dependency though in expanded 129Hz – 1GHz

frequency range for x={3 %, 3.4 %} ceramics.

It was observed that more gradual decrease of 𝜀′ happens with additive

concentration x raised.

a)

b)

Moreover, the pattern was noticed that increasing bismuth zinc niobate

concentration x decreases the temperature at which real part of dielectric

permittivity peaks. This indicates that at low concentrations (1 % ≤ x ≤ 3.4 %)

increasing concentration x leads to phase shift occurring at lower temperatures.

When this temperature is reached polar clusters become so large that they stop

following the applied field. Whereas the peak of the complex part indicates that

dielectric dispersion reached its maximum [4].

Introduction
Relaxor ferroelectrics can be used in diverse applications, for example, energy storage and

conversion [1]. This makes investigation of various ferroelectrics an important objective. Relaxor additives

are added to ferroelectric solid solutions to alter its characteristics. However, commonly used lead titanate

is allowed to be utilized only in limited applications due to health concerns raised by the European

Parliament and the Council on RoHS [2]. Because of these legislative enforcements, demand for lead-free

analogues has appeared and they were heavily studied in the previous decade. One of these materials,

bismuth zinc niobate – barium titanate, x(Bi(Zn2/3Nb1/3)O3)-(1-x)BaTiO3 (BZNBTx % in short) has received

interest as a high-capacity relaxor dielectric material. These ceramics have different composition regimes

depending on concentration x, such as: BaTiO3-like ferroelectric (0 < x < 3.0 %), stepped current-switching

ferroelectric (3.4 % < x < 3.9 %), relaxor ferroelectric (4.0 % < x < 5.0 %), relaxor dielectric with moderate

losses (5.0 % < x < 10.0 %), low loss relaxor dielectric (x > 10.0 %) [3]. In the present work the dielectric

properties of four different concentrations x are analyzed: 1 %, 2 %, 3 % and 3.4 %. Ceramics were

analyzed in 129Hz - 1GHz frequency range and in 125K - 500K temperature range.
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• Dielectric measurments

10-5  – 1015 Hz (green light);

100 – 500 K  (1400 K*).

• Ferro-piezo characterization

(Aixacct system)

4 kV source up to 5 kHz;

vacuum, oil or air atmospheres.

Funding

Figure 1. Temperature dependence of the real 𝜀′ and imaginary 𝜀′′ parts of dielectric

permittivity for a) BZNBT001 b) BZNBT002 ceramics.

• Ultrasonics

10 MHz;

150 K – 500 K.

• EPR

100 K – 300 K (4 K*);

CW and pulse EPR.
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Methodology
Samples were grinded to reduce thickness since it improves measurement accuracy because of

increased capacity. However, optimal thickness must be chosen because reducing thickness complicates

electrode application. Conductive silver paste electrodes were applied on and gradually annealed up to

773K. For measuring in 129Hz – 1MHz frequency range HP LCR meter 4284A was used. Whereas for

2.8MHz – 1GHz frequencies Agilent RF network analyzer 8714ET was utilized. The measurements of

dielectric permittivity were performed during cooling cycle at close to 1 K/min temperature decline rate.

Cooling was achieved by boiling nitrogen and redirecting gas to the sample chamber. Temperature was

measured with Keithley 2700 multimeter.

Figure 2. Temperature dependence of the real 𝜀′ and imaginary 𝜀′′ parts of dielectric

permittivity for c) BZNBT003 d) BZNBT0034 ceramics.
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