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Abstract:

To investigate the effect of synthesis procedure and sintering temperature on the
functional properties of perovskite/spinel ceramics, BaTiOs/CoFe,O, composites were
prepared by thermal decomposition, coprecipitation, and microemulsion method, and sintered
at 1150°C and 1300°C. The phase composition and morphology of as-prepared powders as
well as sintered ceramics were thoroughly examined by X-ray powder diffraction (XRPD) and
scanning electron microscopy (SEM) coupled with electron dispersive spectroscopy (EDS).
The dielectric and ferroelectric measurements were performed in detail. Generally, the
samples sintered at 1300°C had better performances than those sintered at 1150°C. The
composite synthesized by thermal decomposition and sintered at 1300 °C stands out among
other prepared BaTiOs/CoFe,O, ceramics, owing to high stability in the wide frequency
range and low leakage currents. The obtained results indicate that such composite might be
successfully applied as a functional multiferroic.

Keywords: Perovskite/spinel ceramics; Multiferroic; Sintering; Influence of synthesis
method.

1. Introduction

The possibility to combine spinel ferrites and perovskites allowing outstanding
performances and multifunctionality via coupling between ferromagnetic and ferroelectric
phase have attracted an immense scientific interest [1-7]. Barium titanate (BaTiO3) with
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perovskite structure possesses promising electric properties [8-10] which enable its wide
usage in the field of electronic industry, as a part of multilayer ceramic capacitors [11],
piezoelectric transducers [12], electro-optic devices [13] and thermistors [14]. On the other
hand, spinel ferrites are well-known magnetic materials [15-17] which can be used in drug
delivery systems [18,19], microwave devices [20,21], data storage [22], catalysis [23] etc.
Cobalt ferrite (CoFe;0,) stands out among other spinel oxides due to the highest
magnetostriction coefficient, highly desirable property in magnetoelectric composites. Hence,
such composites containing BaTiO; and CoFe,O,, are of great scientific and technological
interest. They could be successfully applied in technology as microwave devices, antennae,
sensors, transducers, data storage [24-29]. The potential use of such systems for controlled
release of anti- HIV drug delivery and neurostimulation to treat Alzheimer’s and Parkinson’s
disease should not be overlooked [30-35].

The key factors to achieve good magnetoelectric response are phase composition and
amount, particle size, and porosity which could be controlled by performed synthetic route
and chosen sintering temperature. The main disadvantages of conventionally used mixture
method are the large particle size, high porosity, poor dispersion of components, interphase
reactions and atomic interdiffusion [36]. Since mentioned factors deteriorate electric and
magnetic properties, the efforts should be put in their prevention. The increase in spinel phase
content negatively influence magnetoelectric response owing to leakage currents caused by
the low resistivity of the high conductive ferrite phase [37]. Higher sintering temperature
leads to better mechanical coupling between the ferrite and ferroelectric grains, necessary for
high magnetoelectric signal. On the other hand, such high temperatures may induce formation
of Fe?* ions in ferrites causing interphase reactions. The occurrence of divalent Fe ions
decreases electric resistivity, and thus lowers magnetoelectric signal [37]. Special attention
should be also paid to the synthesis of BaTiO; in appropriate crystal form, since only
tetragonal BaTiO; with PAmm space group possesses piezoelectric properties due to the
absence of inversion centre.

The aim of this study was to investigate influence of synthesis procedure as well as
sintering temperature on BaTiOs/CoFe,O, functional properties. The samples were
synthesized by thermal decomposition, coprecipitation, and microemulsion method, and
sintered at 1150 and 1300°C. Detailed impedance spectroscopy and ferroelectric
measurements were performed.

2. Materials and Experimental Procedures
2.1 Synthesis

In all cases CoFe,O,4 nanoparticles were in situ synthesized on commercial BaTiOs.
All chemicals (barium titanate (BaTiO3, 99%), acetylacetone, ammonium hydroxide solution
(28% NHg; in water), iron (111) chloride hexahydrate (FeCls-6H,0, 98%), cobalt (11) chloride
hexahydrate (CoCl,-6H,0, 98%), sodium hydroxide (NaOH,>97%), cetyltrimethylammonium
bromide (CTAB,>98%), n-butanol (99.8%), n-hexanol (>99%), and absolute ethanol) were
obtained from Sigma-Aldrich.

2.1.1 BaTiO3/CoFe,04 thermal decomposition synthesis

The iron(l11) acetylacetonate and cobalt(ll) acetylacetonate complexes were used as
the precursors for the synthesis of CoFe,O4 nanoparticles. These precursors were synthesized
in a reaction of appropriate metal ions (Fe** or Co®) with ammonium acetylacetonate.
Ammonium acetylacetonate was prepared using deprotonation reaction of acetylacetone by
the ammonia solution. The obtained acetyacetonates (0.026 mol of Fe(acac); and 0.013 mol of
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Co(acac),) were pulverized in the agate mortar with 0.013 mol of BaTiO3z. The appropriate
amount of toluene was added, and the mixture of paste-like consistency was formed. The
combustion reaction started using a Bunsen burner. After pulverization process, the partly
decomposed mixture was heated in an electric furnace at 500°C for 1 h. The final product was
also pulverized in agate mortar.

2.1.2 BaTiO3/CoFe,0,4 coprecipitation synthesis

Cobalt ferrite was synthesized from chloride salts of Co(ll) and Fe(lll). Barium
titanate (0.013 mol) was suspended in water solution (300 mL) that contained FeCls-6H,0O
(0.026 mol) and CoCl,-6H,0 (0.013 mol). The mixture was heated until boiling point was
reached and then excess of NaOH solution was added (<1.04 M, 100 mL). The pH value of
suspension was above 9. The obtained suspension has been heated for 1 h. After cooling at
room temperature, the precipitate was collected and rinsed with deionized water three times to
remove the excess of residual ions. The dried product was pulverized in an agate mortar and
annealed in an electrical furnace at 500°C for 1 h.

2.1.3 BaTiO3/CoFe,0,4 microemulsion synthesis

CTAB as the surfactant, n-butanol as the co-surfactant, n-hexanol as the oil phase and
an aqueous solution as the water phase were used to obtain the microemulsion system. The
microemulsion was composed of 15 wt% hexanol and 45 wt% aqueous solution. CTAB to n-
butanol ratio was 60:40. Two microemulsions with different aqueous phases were prepared.
The first microemulsion comprise of FeCl;-6H,0O (0.026 mol), CoCl,:6H,0 (0.013 mol), and
BaTiO; (0.013 mol) suspension, while the second microemulsion water phase contained an
aqueous solution of ammonia (<0.104 mol). The obtained microemulsions have been heated
for 1h at 90°C. After precipitation occurred, the pH value was about 10. Then, water/ethanol
mixture was added to the final microemulsion, and precipitated by centrifugation. In order to
remove residues of oil and surfactant, the precipitate was washed with absolute ethanol
several times, then with water/ethanol mixture (50:50) and, separated from the solution by
vacuum filtration. After drying at room temperature, the precipitate was pulverized in the
agate mortar and annealed in the electrical furnace at 500 °C for 1 h.

2.1.4. Sintering

After the initial preparation procedures, the synthesized powders were compressed
into the pellets at 300 MPa using a uniaxial double action pressing process with an 8mm
diameter tool, hydraulic press RING, P-14, VEB THURINGER. The pellets were sintered at
two temperatures, 1150 and 1300°C, in electrical tube furnace (up to 1500°C) equipped with
LAND calibration source. Heating rate was 15 °C/min to 1000°C and 5 °C/min until chosen
temperatures were reached. The samples have been sintered at both temperatures for 2.5 h and
removed from furnace after spontaneously cooling to room temperature.

2.2 Characterization

X-ray powder diffraction (XRPD) was used to characterize the synthesized samples at
room temperature by Ultima IV Rigaku diffractometer, equipped with CuK, , radiation, using
a generator voltage (40.0 kV) and a generator current (40.0 mA). The continuous scan mode
with a scanning step size of 0.02° and at a scan rate of 5°/min was used in the range between
10° and 80° 20, using D/TeX Ultra high - speed detector. Samples were prepared on Si-
monocrystalline sample carrier. Phase composition of synthesized composites as well as
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phase abundances are calculated by RIR method incorporated in PDXL2 integrated X-ray
powder diffraction software (Version 2.8.30; Rigaku Corporation).

To get deeper insight into the morphology and composition of prepared materials
scanning electron microscopy (SEM) performed on JEOL JSM-6390 LV coupled with
electron dispersive spectroscopy (Oxford Instruments X-MaxN). As a standard part of the
preparation process, samples placed on a carbon tape were covered with gold to achieve
conductive coating. The accelerating voltage in the SEM was in the range 20-30 kV.

Dielectric properties of the samples were obtained by measurements with two digital
LCR meters: Hameg 8118 (from 20 Hz to 90 kHz) and Agilent 4285A (from 90 kHz to 9
MHz). Frequency spectrums were merged to obtain broader frequency dependence of
dielectric parameters (tg 6, &', Z', Z''). Measurements were conducted under normal
atmospheric pressure, ambient temperature, and relative humidity of 40%. The applied
voltage across the closed micrometer capacitor cell was 1.5 V. The capacitor cell was housed
in a Faraday cage.

For temperature dependence measurements samples was placed in vacuum chamber
with cold head and capacitor cell mounted on it. Pfeiffer vacuum turbo molecular pump
maintained 10 mbar pressure. CTI Cryogenics refrigerating system model 22 mounted on
cold head was used to lower temperature at 150 K. Lakeshore 340 temperature controller with
hater attached at cold head was used to gradual heating rate of 2.5 K/min up to 400 K.

Ferroelectric and leakage current measurements were performed in the electrical field
range from 5 to 40 kV/cm on the Precision Multiferroic Test System with High Voltage
Interface (Radiant Technologies, Inc.).

3. Results and Discussion

The X-ray powder diffractograms for BaTiOs/CoFe,O, composites are presented in
Fig. 1. The higher the temperature is, the better phase crystallinity occurred. The peaks in
XRPD patterns got sharper due to the increased crystallinity of the samples. Change in
sintering temperature from 1150°C to 1300°C led to more pronounced intensity of the
reaction between BaTiO; and CoFe,0,. The detailed phase composition for as-prepared and
sintered BaTiOz/CoFe,O4 samples is shown in Table I. In the case of as-prepared powders, the
pure spinel and tetragonal BaTiOs; phases were obtained, irrespective of the performed
synthesis procedure. After sintering, the barioferrite-like phases appeared. For sample
synthesized by thermal decomposition, formation of CoO phase was observed at 1300°C. In
all cases BaTiO3 changed space group from P4mm to P4/mmm at 1300°C.

Tab. |1 Phase composition of synthesized composites. In parenthesis next to the phase
chemical formulae crystal system and space group are presented as well as corresponding
PDF card numbers from ICDD database. Phase abundances are calculated by RIR method.

Samples Phase content
BaTiO; (Coo.255F€0,745) (COg 745F€
BaTiO,/CoFe,0, Tetragonal (P4mm) gzpffr)134(F d-3m) /
thermal decomposition EBE))(I;)#;/Ol-O83-83OO PDF # 01-074-3419
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, L%
BaTiO; (Coo.465F€0.535) (CO1 535F€
. @)
BaTiOs/CoFe,0, Tetragonal (P4mm) 0.65) O
s e Spinel (Fd-3m) /
coprecipitation E(E)(F;)iiy?l 083-8300 PDE # 01-074-3417

40(1) %
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BaTiO; E)Cgf.15Feo.85)(C00.85F91.1
BaTiO3/CoFe, 0, Tetragonal (P4mm) .
microemulsion PDF # 01-083-8300 Ifglr:‘e; (()T-j(ﬁrg-)?zs A !
49(2) %
S S -2 £ ¢ S
BaFe103C0ogsT
: BaTiO; (Coo.15Feog5)(CopgsFerr  ingsO1o
5}?;{;127/5;2%(;3 sition Tetragonal (P4mm) 5)04 (P63/mmc)
1150 °C PDF # 01-083-8300 Spinel (Fd-3m) PDF # 01-073-
61(1) % PDF # 01-076-7254 7746
M 241 % .
: BayoFesgsTiisr
BaTi03/COFe204 BaTiO; CO'F8204 20g4 (CZ/m)
coprecipitation Tetragonal (P4mm) Spinel (Fd-3m) PDF # 01-085-
N PDF # 00-005-0626 PDF # 00-022-1086
1150 °C 7(1) % 23(2) % 2407
___________________________________________________________________________________________ 692 % .
; (Coo.255F€0,745) (COg 745F€ BaFew'gCOOBST
BaTiO4/CoFe,0, BaTiOs +25)0s loasO19
microemulsion Tetragonal (P4mm) Spinel (Fd-3m) (P65/mmc)
1150 °C PDF # 01-083-830053(1) PDE # 01-074-3419 PDF # 01-073-
% 41(1) % 7746
___________________________________________________________________________________________ 6(1)% .
BaFe;03C0ggsT
(Coo.255F€0,745)(COg 745F€  i0.85010
1255)O4 (P63/mmc)
PDF # 01-073-
. BaTiO; Spinel (Fd-3m) 7746
ﬁaefr%/ g&iﬁ;&;s' o Tetragonal (P4/mmm)  PDF#01-074-3419  24(1) %
1300 °C. PDF # 01-079-2264 3.1(2) % Bays o7F€7 65 Tiss
49(1) % CoO Osg03
(Fm-3m) (R-3m)
PDF # 01-071-1178 PDF # 01-072-
2.7(2) % 5912
___________________________________________________________________________________________ 2%
BaFe;03C0ggsT
. BaT|03 CoFe,0, i0_85019
E’:;ﬁféictggg%o“ Tetragonal (P4/mmm) Spinel (Fd-3m) (P63/mmc)
1300 °C PDF # 01-075-2121 PDF # 01-022-1086 PDF # 01-073-
21(1) % 70(2) % 7746
___________________________________________________________________________________________ W) % .
BaFe;03C0ggs5T
. BaT|O3 CoFe,0, io'gsolg
BaT10:/CoFe0: Tetragonal (P4/mmm)  Spinel (Fd-3m) (P6/mmc)
1300 °C PDF # 01-079-2264 PDF # 00-022-1086 PDF # 01-073-
18(1) % 56(1) % 7746
26(1) %

According to SEM micrographs for as-prepared powders, the particles non-uniform in
size and shape were observed, Fig. 2. The bigger particles between 600 and 1000 nm
belonged to commercial BaTiO; while smaller ones in sub-100 nm range can be attributed to
in situ synthesized CoFe,0,. The ferrimagnetic behaviour for ferrite particles was responsible
for the pronounced agglomeration. The EDS layered images showed the best ferrite
distribution over the titanate surface in the case of composite where CoFe,O, was prepared by
thermal decomposition method, Fig. 2. For the composites obtained by coprecipitation and
microemulsion method, the regions where ferrite particles were localized, were observed, Fig.
2.
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Fig. 1. XRPD of BaTiO3/CoFe,O, samples.
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Fig. 2. SEM and EDS layered images of non-sintered BaTiOz/CoFe,O4 samples.
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SEM micrographs of materials sintered at 1150°C indicated that sintering process was
not completed at chosen temperature, Fig. 3. The presence of porosity and many particles
which preserved their shape confirmed that only intermediate stage of sintering began at
1150°C. However, the sintering process affected more composite prepared by coprecipitation
method in comparison to the other two investigated samples. Close inspection of the EDS
layered image obtained for composite synthesized by thermal decomposition revealed that the
ferrite/barioferrite is mostly localized, although its amount is lower in comparison to other
two samples. The localization also took the place in the case of sample prepared by
microemulsion method. In the case of the sample prepared via coprecipitation, the highest
degree of delocalization of ferrite/barioferrite phase was observed.

[

C oprecipitation

DS Layered Image 1

oo

Microemulsion

Fig. 3. SEM and EDS layered images of BaTiOs/CoFe,O, samples sintered at 1150°C.

SEM images obtained for the samples sintered at 1300°C showed that complete
sintering has not occurred yet, although the high density regions were clearly seen, Fig. 4.
However, the temperature dependent growth of the particles occurred, corroborating the
sharpening reflexes and thus bigger crystallites in XRPD patterns. Sintering probably
happened inside of formed agglomerates, causing porosity. For the material synthesized by
coprecipitation method residues of liquid phase and the best ferrite/baroferrite delocalization
were observed.
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Fig. 4. SEM and EDS layered images of BaTiOs/CoFe,0,4 samples sintered at 1300°C.

The relative dielectric constant and the loss tangent as a function of frequency
measured at room temperature with corresponding Nyquist plots are presented in Fig. 5.
Generally, the rise of dielectric constant with increasing sintering temperature was observed
for all synthesized samples in the frequency range between 1kHz and 1 MHz [38,39]. In the
case of samples sintered at 1300°C the curves presented in Fig. 5a followed the similar trend.
In the low and mid frequency region the dielectric constant decreased with relatively small
slope. On the other hand, in the high frequency region abrupt change of dielectric constant
occurred, indicating strong frequency dependence. It is important to note that the sample
obtained by microemulsion method sintered at 1300°C possessed order of magnitude bigger
¢’ value in comparison to other samples. This can be explained by the particle growth at
temperature suitable to achieve dense ceramic bodies. Furthermore, the results of phase
composition analyses indicated that the BaTiO; reacted with CoFe,O4 phase and formed
hybrid barioferrite like phase which content is the highest for microemulsion synthesized
sample sintered at 1300°C (=26 %). Also, the amount of centrosymmetric SG P4/mmm
BaTiO; phase, responsible for the cancelation of the dipole moments causing the zero net
polarization in the material is the lowest (=18%). In the case of sample prepared by thermal
decomposition and sintered at 1300 °C, where the dielectric constant value was the smallest in
comparison to other two samples, the amount of dominant centrosymmetric SG P4/mmm
BaTiO; phase is ~49%. However, the slope change of dielectric constant was the smallest
indicating high stability in the wide frequency range. The loss tangents, presented in Figure
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5b, are lower compared to samples sintered at 1150°C in the low and mid frequency range
showing that the temperature of 1300°C was high enough to achieve a sufficient sintering
yielding dense ceramics. In other words, vacancies were kept at a minimum. In the high
frequency range increased electric conductivity occurred as a consequence of direct
conducting paths formation of grains. To gain a better understanding of the contribution of
grain and grain boundaries to the dielectric response, the Nyquist plots were given, Fig. 5c.
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Fig. 5. a) Relative dielectric constant and b) tangent loss as a function of frequency with c)
corresponding Nyquist plots for BaTiOs/CoFe,O4 samples.

Tab. Il Calculated grain and grain boundary resistivities and pseudo-capacities for all

investigated samples.

Samples

Ry [

Rgb [Q]

Cq [F]

Cgb [F]

BaTiO3/COFe204
thermal decomposition
BaTi03/COFe204
coprecipitation
BaTi03/C0FezO4
microemulsion
____________ 1150°C
BaTi03/C0FezO4
thermal decomposition
____________ 1300°C
BaTiO3/CoFe,0,
coprecipitation
BaTiO3/COFe204
microemulsion
1300 °C

5000

71947

3.22e-09

1.11e-08

35157

396860

2.01e-09

3.50e-07

9858.1

730090

1.23e-08

1.93e-08

114.17

91085

1.07e-10

2.46e-09

61.79

73592

2.56e-10

3.96e-09

20.39

11713

1.09e-09

1.18e-07
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Samples sintered at 1150°C, irrespective of synthesis procedure used, possessed some
resistivity but also capacity that occurred due to the many isolated grains with undesired
vacancies, in high frequency region. In the low and mid frequency range the only difference
occurred in the case of microemulsion prepared sample where the amount of barioferrite like
phase is the lowest (see Table I). Additional calcination at 1300°C led to better conductivity
as a result of enhanced direct conducting paths formations. The eisanalyser software and
equivalent circuit consisted of two parallel R-CPE elements connected in series were used to
investigate the grain and grain boundary (GB) resistivity and pseudo-capacity, Table II. In the
case of all samples grain boundary contribution is dominant [40, 41]. The values of grain and
grain boundary resistivity and pseudo-capacity decreased with higher sintering temperature,
irrespective of the synthesis used. The highest Rg value (114.17 Q) was obtained for sample
prepared by thermal decomposition method, while the lowest (20.39 Q) was gained for the
sample prepared in microemulsion manner. Grain boundary resistances and of samples
sintered at 1300°C are noticeably lower than samples sintered at 1150°C while pseudo —
capacities are order of a magnitude lower. Effective surface of GB interface is much lower
due to better sintering of samples which is in direct correlation with GB capacity. Also,
distances between grains are lower which gives higher probability of electron hoping trough
GB region resulting in lower resistance. Previously mentioned is supported by SEM images of
the samples.

An Arrhenius expression was used to additionally describe the dielectric relaxation
process:

_(E_a)
f=foe \r/ (1)
fo is the pre-exponential factor, E, is the activation energy for the relaxation process, and R is

the universal gas constant. The Arrhenius plots (In f vs. 1000/T) shown in Fig. 6 exhibited a
linear relationship.
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Fig. 6. Arrhenius relations of In f versus 1000/T for the relaxation process for sintered
BaTiO;/CoFe,0, samples.

In measured temperature/frequency range grain boundary relaxations contribution
was recorded. Activation energies for the dielectric relaxation processes were: 0.60 eV, 0.82
eV, 0.73 eV for samples sintered at 1150°C and 0.59 eV, 0.77 eV, 0.69 eV for samples
sintered at 1300°C. Obtained activation energies for these samples corresponds to reported
BaTiO; values [42, 43]. Activation energies for the relaxation process indicated that the
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electrostatic potential barrier is a bit lower at GB for samples obtained at 1300°C. Activation
energy depends on the sintering temperature applied [44], as well as on the grain size [45, 46].
As previously shown on SEM micrographs high density regions were clearly observed for
sample sintered at 1300°C which led to lower values of E,. This also corroborates previous
analysis of Nyquist plots where modeled resistances (Rgg) of samples sintered at 1150°C
show greater values than samples sintered at 1300°C, except for the sample obtained by
thermal decomposition method where similar values of Rgg for both temperatures were
observed.

n
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P (uCiem®)

—r e B
15 - %

E (kVicm)
E (kV/em)

— Thermal decomposition

— Coprecipitation

— Microemulsion

Fig. 7. Electrical hysteresis loops for sintered BaTiO3/CoFe,O, samples.

Hysteresis P-E loops for samples sintered at 1150°C and 1300°C measured at fixed
frequency of 100 Hz were presented in Fig. 7. These ferroelectric loops were obtained by
applying the electrical field in the range of 5-40 kV/cm for investigated ceramic samples. For
the comparison purposes a field of 15 kV/cm was chosen. Ferroelectric measurements did not
demonstrate well defined hysteresis loops, i.e. the saturation was not achieved due to low
value of electric field (15 kV/cm). Moreover, the presence of cobalt ferrite phase, as a very
conductive phase, as well as, interfacial polarization also contributed to the hysteresis loops
shapes. It is very hard to talk about remnant or saturation polarization and coercive field
because of presence of not well saturated ferroelectric loops [47], especially in the case of the
samples prepared by coprecipitation. However, in the case where the sample was synthesised
by thermal decomposition, the hysteresis was most similar to conventional hysteresis loop of
ferroelectric materials. With the increase of barium-titanate phase (see Table 1), coercive field
at 15 kV/cm decreased in all cases. The leakage current was quite large for the sample
obtained by coprecipitation method. This corresponds to the highest amount of the conductive
ferrite and barioferrite phases obtained by XRPD. It is interesting to mention that the increase
in sintering temperature mostly affected sample synthesized in microemulsion manner,
reducing the current leakage significantly (Fig. 7). The increase in sintering temperature did
not influence the loop obtained for the samples prepared by thermal decomposition and
coprecipitation.

To reveal conductivity mechanism in the synthesized BaTiOs/CoFe,O, samples, the
leakage current density (j) was presented as a function of static electric-field (E) presented on
semi-logaritmic, Fig. 8, and logarithmic plots, Fig. 9. Sample synthesized by coprecipitation
method showed the highest value for current leakage at both sintering temperatures which is
in accordance with hystereses shapes. The logarithmic plots showed two distinct slope
regions. There are four possible mechanisms of the conduction in these materials: grain
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boundary limited conduction (GBLC), ohmic conduction mechanism, space charge limited
conduction (SCLC) or trap-controlled SCLC mechanism. In the low field region slope values
were between 1.19 and 1.49 for all samples. This can be associated with Ohmic conduction
mechanism where the thermally generated free carriers density is higher than the density of
injected charge carriers. The slope values in the 1.58-4.94 range in the high field region
suggested the existence of space-charge-limited-conduction (SCLC). In this region with
SCLC the injected charge carriers dominate the conduction.
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-2.0

+1150 °C
-2.5 -
>
30 ,Iq,‘-‘:/
L <
3.5
& 4.0 |-
E AN 9
ga5F A°
o-5.0 |-
o
5.5
6.0 -
6.5 - =  Thermal decomposition
= Coprecipitation
-7.0 = Microemulsion
1 1 1 | I I I I I

-0.20.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
log E [kV/em]

log j [Acm?]

-2

-3

-5

-6

-7

1300 °C

T

= Thermal decompositior
= Coprecipitation
= Microemulsion

| I

log E [kV/cm]

0.200020406081.01214161.8
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4. Conclusion

The diphase BaTiOz/CoFe,O4 composites were successfully synthesized using
thermal decomposition, coprecipitation, and microemulsion method, and sintered at 1150°C
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and 1300°C. The phase composition and morphology were fully examined by XRPD and
SEM/EDS analyses. The results of ferroelectric and dielectric measurements revealed better
performances of the samples sintered at 1300°C than those calcined at lower temperature. The
composite prepared in thermal decomposition manner showed high stability in the wide
frequency range and low leakage currents due the lowest amount of the conductive ferrite
phase responsible for deterioration of magnetoelectric response. The obtained results gave us
a hope that such composite could be successfully used as a functional multiferroic.
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Caxcemaxk. YV yumy ucnumueara ymuyaja memoole CuHmese KAo U memnepamype
CUHMEPOBArA HA (DYHKYUOHATHA CBOJCMEA Kepamuke NepoSCKUMHO/CNUHENHe CMPYKmYype,
cunmemucanu cy BaTiO3/CoFe, 04 komnozumu memooama mepmanne OeKoMnosuyuje,
Konpeyunumayuje u mMuxkpoemynszuje, a samum cunmepogsanu na 1150 °C u 1300 °C. Dasnu
cacmas u MOP@OIOSUJA CUHMEMUCAHUX Y30PAKA OemabHO Cy UCHUMAHU npe U Nocie
cunmeposarba nomohy peundeencke ougpaxyuje na npaxy (XRPD) u cxenupajyhe
enekmpoucke muxkpocknuje (SEM) cnpeenyme ca enekpon oucnepsusHom cnexmpockonujom

(EDS).

H36edena cy oncesIcHa ucnumuesarod Kako ()ueﬂekmpuwux, mako u
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GhepoenekmpuunHux cgojcmasa oamux Komnosuma. Y eehunu ciyuajega y30pyu cUHmMeposaHu
na 1300 °C noxaszanu cy 6oma ceojcmea 00 y3opaxa cunmeposanux na 1150 °C. Komnozum
CUHMemUcan Memooom mepmanne dexomnosuyuje u cunmeposar Ha 1300 °C uzdeaja ce 00
ocmanux cunmemucanux BaTiO3/CoFe;04 ysopaka saxsamyjyhu eenuxoj cmabunnocmy y
WUPOKOM  (DpeKeeHmHOM Oncezy U Maium cmpyjama yypera. Jobujenu pesyimamu
He0BOCMUCTIEHO YVKA3Y]Y 0d UCMAKHYMU KOMNO3UM MOdce OUMU YCNeuwHo NpuMerbeH Kao
DYHKYUOHATHY MYTMUDEPOUK.

Kuwyune peuu: Ileposckummno/cnuneina xepamuxa, Mynmugpepouyu, Cunmeposarve;, Ymuyaj
Memode cunmese.
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