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Abstract

Co0.5Zn0.5Fe2O4/Ba0.8Sr0.2TiO3 (CZFO/BST) composite ceramics with different molar ratios (1:3, 1:2, 1:1, 2:1
and 3:1) were prepared by combining chemical co-precipitation and sol-gel method. Effects of molar ratio
on the microstructure, dielectric and multiferroic properties were investigated. The formation of the individual
phases and the composites was confirmed by XRD results and small amount of secondary phase (Ba2Fe2Ti4O13)
was observed. The grain sizes of magnetic (CZFO) and ferroelectric phase (BST), measured by SEM, were
about 5 µm and 0.5 µm, respectively. The sample with molar ratio (1:2) has the largest dielectric constant, while
the sample with molar ratio (3:1) shows the lowest dielectric constant. A distinct loss peak can be observed for
all the samples. Both the peak position and peak intensity increase with the frequency, indicating relaxation
polarization process generated by space charge or interface polarization. The ceramics with molar ratio (1:1)
shows the smallest leakage current (∼ 10−7 A/cm at 1.5 kV/cm), while the leakage current (∼ 10−5 A/cm at 1.5
kV/cm) of the sample with molar ratio (3:1) is the largest. The ferroelectric hysteresis loop is not apparent due
to the low Curie temperature of the ferroelectric phase, but the sample with molar ratio (2:1) shows the best
ferroelectric properties. It was found that with the increase of CZFO content, the values of saturation (Ms)
and remnant (Mr) magnetization increase at first and then decrease. The sample with molar ratio (3:1) has the
maximum Ms value (about 50.34 emu/g), while the sample with molar ratio (1:2) shows the minimal Mr value
(about 0.46 emu/g). This anomalous magnetic property is induced by the interface interaction between the two
phases.
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I. Introduction

Multiferroic materials, which show magnetic and

ferroelectric properties simultaneously, have attracted

great attention for many years due to their intriguing

physical properties and potential applications in modern

society [1–3]. Particularly, in these materials the mag-

netic properties can be tuned under the action of external

electric filed, and the ferroelectric properties are also af-

fected by the applied magnetic field. This phenomenon

is called magnetoelectric (ME) coupling effect. As a re-
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sult, these materials have fascinated many researchers

for their ability to perform different functions simulta-

neously. They are promising candidates for potential use

in many new-type and multi-functional devices, such

as spintronic devices, transducer, storage, capacitor etc.

[4–6]. In recent years, in order to develop materials with

new multi-functionality, multiferroics exerts a tremen-

dous fascination of researchers. Although the ME cou-

pling effect has been reported in single phase materials

for many years, it is usually very weak at room tem-

perature, limiting their practical applications. In gen-

eral, this weak ME effect is result of the low Curie tem-

perature (TC) of the single phase multiferroic materials.

The Curie temperatures of most single phase multifer-

roic materials are far below room temperature, thus the
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ME effect can be observed only at low temperature.

As an exceptional case, BiFeO3 (BFO) is a typi-

cal single phase multiferroic material with high Curie

temperature (TC ∼ 1100 K) and Neel temperature

(TN ∼ 640 K) [7–9]. In addition, the remnant polariza-

tion (Pr ∼ 100µC/cm2) of BFO is high and the band gap

(Eg ∼ 2.7 eV) is lower than that for many other ferro-

electric materials causing that BFO attracted extensive

attention worldwide because of its excellent properties

and therefore potential applications [10,11]. However,

the ME effect in BFO is very weak mostly due to the

leakage current and weak magnetization at room tem-

perature [12–14]. On one hand, impurities are prone to

be formed due to the volatilization of Bi element at high

temperature in the sintering process. On the other hand,

defects such as oxygen vacancies are usually generated

in these perovskite oxides. Therefore, the leakage cur-

rent is so large that the polarization is hard to be mea-

sured mainly due to the low applied electric field. Fur-

thermore, BFO has a G-type antiferromagnetic helical

structure and thus limits the observation of ferromag-

netism.

Alternatively, multiferroic composite, which is com-

posed of ferromagnetic phase and ferroelectric phase,

can produce ME effect through interfacial contact be-

tween the two phases. It is generally acknowledged

that the ME effect of magnetoelectric composites is the

result of magnetostrictive effect of the ferromagnetic

phase and piezoelectric effect of the ferroelectric phase.

When an external magnetic field is applied to the com-

posites, a deformation of the ferromagnetic phase will

be induced because of the magnetostrictive effect. As

a consequence, a stress will transfer to the ferroelectric

phase through the interface, and the electric properties

of the ferroelectric phase can be varied due to the in-

verse piezoelectric effect. Conversely, when applying an

electric field, the magnetization can be changed because

of the counter magnetostriction effect of ferromagnetic

materials. The advantage of composites is that the fer-

romagnetic and ferroelectric phases can play their indi-

vidual roles, therefore the limitation of the Curie tem-

perature in single phase multiferroics is absent. Com-

pared with single-phase multiferroic materials, compos-

ite multiferroic materials have a variety of synthesis

methods and various connective types, and thus they

have strong magnetoelectric effects at room tempera-

ture, which is more convenient than single phase mul-

tiferroic materials.

It is not too difficult to imagine that the ME effect

of magnetoelectric composites depends strongly on the

intrinsic properties of the magnetic and ferroelectric

phases such as the magnetostriction and piezoelectric

coefficients as well as the conductivity. In addition,

the connective style, molar ratio between two phases,

and the interface also can determine the ME ef-

fect. Till now, many magnetoelectric systems have

been investigated including BaTiO3/CoFe2O4 [15],

BaTiO3/Ni0.5Zn0.5Fe2O4 [16], Co0.6Cu0.3Zn0.1Fe2O4/

Ba0.9Sr0.1Zr0.1Ti0.9O3 [17], PZT/CFO [18],

Ni0.5Zn0.5Fe2O4/Pb0.8Zr0.2TiO3 [19], SmFeO3/P(VDF-

TrFE) [20], Co0.8Cu0.2Fe2O4/Ba0.6Sr0.4TiO3 [21],

La0.7Sr0.3MnO3/Pb(Mg1/3Nb2/3)O3-PbTiO3 [22],

GaFeO3/Co0.5Zn0.5Fe2O4 [23], Bi0.5Na0.5TiO3-

Bi0.5K0.5TiO3/Ni0.8Zn0.2Fe2O4 [24] etc. Among them,

BaTiO3 based ferroelectric phase is one of the most

studied materials in the magnetoelectric composites and

ferrites are used as the conventional magnetic phases in

the corresponding composites. It was reported that the

incorporation of Zn2+ in Co0.5Zn0.5Fe2O4 ferromagnetic

material makes the ferromagnetic material excellent in

all aspects, with low coercivity, low dielectric loss, high

electrical resistivity, high magnetic permeability, good

chemical stability, large magnetic induction and mag-

netocrystalline anisotropy. It is a ferrite with excellent

performance, whose magnetic spectrum characteristics

are great, and it has a broad prospect at the low energy

loss in the high frequency and ultra-high frequency

state [25,26]. Therefore, this material is very suitable

for high-density magnetic storage, such as magnetic

recording materials or magneto-optical recording mate-

rials, as well as electromagnetic microwave absorption,

magnetic fluid, drug targeting, magnetic resonance and

airflow sensors [27]. In addition, it is well known that

barium titanate has the characteristics of high dielectric

constant, low dielectric loss and structural stability.

The Curie temperature of BaTiO3 can be changed

by substitution of Ba2+ with Sr2+, and Ba1-xSrxTiO3

(BST) not only has high dielectric constant, good

dielectric non-linearity and low dielectric loss, but also

has excellent piezoelectric properties, great pressure

resistance and insulation properties [28–30].

Herein, Co0.5Zn0.5Fe2O4 (CZFO) is used as the mag-

netic phase while Ba0.8Sr0.2TiO3 (BST) was selected as

the ferroelectric phase. Co-precipitation method com-

bined with sol-gel method was used to prepare ferro-

magnetic materials CZFO and ferroelectric materials

BST, respectively. In this paper, the effects of molar

ratio of CZFO to BST on the microstructure, dielec-

tric, ferroelectric, magnetic and conductive properties of

CZFO/BST composite ceramics were studied.

II. Experimental details

Co0.5Zn0.5Fe2O4 (CZFO) powder was pre-

pared by co-precipitation method starting from

Co(NO3)2 · 6 H2O (AR,98.0%), Fe(NO3)3 · 9 H2O (AR,

98.5%), Zn(NO3)2 · 6 H2O (AR, 98.0%), NaOH (AR,

96.0%). Appropriate amounts of raw materials were

dissolved in distilled water at 80 °C, then they were

mixed and stirred continuously, heated to 100 °C, and

kept for 2 h. After cooling to room temperature natu-

rally, the obtained product was ceaselessly washed with

distilled water and then calcined at 700 °C (with heating

rate of 5 °C/min) for 3 h in air to form CZFO powder.

Ba0.8Sr0.2TiO3 sol was prepared by sol-gel method start-

ing from Ba(CH3COO)2 (AR, 99.9%), Sr(CH3COO)2
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(AR, 98.0%), Ti(OC4H9)4 (AR, 99.0%), CH3COOH

(AR, ≥99.5%), CH3C(−−O)CH2C(−−O)CH3 (AR,

≥99.0%). Stoichiometric amounts of Ba(CH3COO)2

and Sr(CH3COO)2 were firstly weighed and then

dissolved in CH3COOH solution. After adding 2 drops

of C5H8O2 solution, it was heated at 60 °C in water

bath and stirred for 10 min. Then the solution was

added into appropriate amount of Ti(OC4H9)4 solution,

stirred for 20 min, finally the appropriate amount of

HO(CH2CH2O)nH powder was added. When it was

dissolved completely, stirred in a water bath at 80 °C

for 2 h, aged for 2 days and the BST sol was obtained.

CZFO/BST composite powders, with different molar

ratios (1:3, 1:2, 1:1, 2:1 and 3:1), were prepared

through adding CZFO magnetic powder to BST sol

under constant stirring and heating until the sol became

dry gel. Then the CZFO/BST mixed powders were

mixed with appropriate amount of polyvinyl alcohol

(PVA, 15 wt.%) as binder and uniaxially pressed into

pellet with the diameter of 10 mm and thickness of

1 mm at 15 MPa for 10 min. The pellet was sintered at

1100 °C with the heating rate 5 °C/min for 3 h in air.

The phase of CZFO/BST ceramics was analysed by

X-ray diffractometer (XRD, Rigaku D/max2400, 40 kV,

30 mA, CuKα, λ = 0.15406 nm) in the sweeping range

of 2θ = 20–80° and scanning speed of 0.05 °/s. The sur-

face morphology of the ceramics was observed using

a scanning electron microscope (SEM, S-3700N, Hi-

tachi, Japan). The CZFO/BST ceramics was polished

and the silver paste was sintered at 800 °C for 30 min

to make a silver electrode. Dielectric temperature char-

acteristics of CZFO/PZT ceramics in the temperature

range of 25 to 500 °C were tested using an LCR digi-

tal bridge (E4980A, Agilent, USA). The leakage current

curves and ferroelectricity of the prepared CZFO/BST

ceramics were tested in a LM mode and a PM mode us-

ing a ferroelectric analyser (TF2000E, aix-ACCT, Ger-

many). The hysteresis loop of the CZFO/PZT ceram-

ics was tested using a vibrating sample magnetometer

(Quantum Design).

III. Results and discussion

3.1. Crystal structures

X-ray diffraction patterns of the CZFO/BST com-

posite ceramics prepared at different ratios and of the

corresponding single-phase ferroelectric (BST) and fer-

romagnetic (CZFO) samples are presented in Fig. 1.

The patterns show that all the diffraction peaks of the

composite ceramics correspond to the single-phase per-

ovskite and ferrite structures with a small amount of

Ba2Fe2Ti4O13 impurity phase. As can be seen from Fig.

1, all the diffraction peaks can be aligned in ceramics

with the ratio of (3:1 2:1, 1:1, 1:2 and 1:3), and the

diffraction peaks of the ceramics with the ratio of 1:2

are the highest. With the increase of CZFO content, the

peak intensity at 35.6° is enhanced, but the peak inten-

sity at 57° is weakened. It can also be seen that the

peak intensity of the impurity Ba2Fe2Ti4O13 phase first

increased and then weakened as the CZFO content in-

creases. Due to the interfacial effect, Fe, Ba and Ti ions

in the ferroelectric and ferromagnetic phases may mi-

grate and diffuse at the interface to form Ba2Fe2Ti4O13

compound.

3.2. Surface morphology

Figure 2 shows the SEM images of the sample cross

sections for different molar ratios. Before measuring

the images, the samples were annealed at 1050 °C for

30 min. In these magnetoelectric composites, it may be

speculated that two kinds of grain are ascribed to two

different phases (CZFO and BST). The surface mor-

phology of the ceramics is not flat, the large grains are

about 2–3µm, and the smallest grain size is ∼0.5 µm.

With the increase of BST content, the number of large

crystal grains of the composite ceramics tends to de-

crease, indicating that the addition of a certain amount

of BST is beneficial to the grain refinement to some ex-

tent.

In order to investigate the chemical composition of

the composites, EDX maps related to the SEM images

are presented in Figs. 3b and 3d. The content of each

element was derived from the area marked in Figs. 3a

and 3c. The obtained results proved that the larger grains

are ascribed to CZFO phase.

Density of the composite ceramics decreases with the

increase of BST content (Table 1). The growth of many

small crystal grains does not contribute to the densifica-

tion process enough. Thus, there are many pores and the

growth directions of the crystal grains are inconsistent.

3.3. Dielectric properties

The relationship between the dielectric constant and

dielectric loss of the CZFO/BST composite ceramics

is shown in Fig. 4. The dielectric constant of all sam-

ples decreases with increasing frequency, as shown in

Fig. 4a. Under high frequency conditions (at 1 MHz),

the composite ceramics with the molar ratio of 1:2 has

the largest dielectric constant (295), while the compos-

Figure 1. XRD patterns of CZFO, BST and CZFO/BST
composite ceramics
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Figure 2. SEM images of CZFO/BST composites with different molar ratios: a) 3:1; b) 2:1, c) 1:1, d) 1:2 and e) 1:3

Table 1. Density of composite ceramics

Molar ratio 3:1 2:1 1:1 1:2 1:3

Actual density [g/cm3] 4.82 4.80 4.94 4.63 4.50

Theoretical density [g/cm3] 5.64 5.65 5.86 6.00 6.07

Density [%TD] 85.5 85.0 84.3 77.2 74.1

ite ceramics with molar ratio of 3:1 shows the minimum

dielectric constant (32.8). With the increase of BST con-

tent (except for ratio of 1:3), the dielectric constant in-

creases. This is because the dielectric properties of BST

phase are better than that of CZFO phase, therefore di-

electric behaviour is mainly provided by the ferroelec-

tric phase (BST).

It can be concluded from Fig. 4b that with the in-

crease of BST content, the dielectric loss of all the com-

posite ceramics has a non-monotonic change. At high

frequencies the dielectric loss is small and the compos-

ite ceramics with the molar ratio of 3:1 has the largest

loss in almost all frequency ranges. It is worth mention-

ing that the smallest loss has the sample with the molar

ratio of 2:1. Generally, the dielectric loss is contributed

by three parts, including relaxation loss, conductive loss

and resonance absorbing loss. Among them, resonance

absorbing loss only occurs at very high frequency (at

least 1015 Hz). Therefore, at the test frequency range

(from 20 Hz to 2 MHz), relaxation loss and conductive
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Figure 3. EDS and SEM images of CZFO/BST composites with two different molar ratios: 3:1 (a,b) and 2:1 (c,d)

Figure 4. Frequency dependence of dielectric constant (a) and dielectric loss (b) of CZFO/BST composites with different molar
ratios

loss are the main contributions to the dielectric loss. The

relaxation loss includes space charge, interface, turning

direction and ions relaxation polarization. However, the

difference between these kinds of relaxation polariza-

tions in different specimens is not distinct enough. The

conductive loss is induced by the fact that these samples

are not ideal insulators. In general, the conductivity of

ferrite CZFO is larger than that of BST, therefore, the

conductive loss of CZFO is also larger than that of BST.

As a consequence, the conductive loss should increase

with increasing the content of CZFO in the composites.

Actually, other factors such as impurities, defects such

as oxygen vacancies, pores, can affect the conductivity

of the samples. Thus, the reason for the smallest loss of

the sample 2:1 may be that the content of heterogeneous

Ba2Fe2Ti4O13 in the sample 2:1 is the lowest, so that the

contribution of conduction loss is reduced.

The dielectric loss of the CZFO/BST composite ce-

ramics as a function of temperature is shown in Fig. 5.

The characteristic loss peak can be observed. This peak

moves towards the high temperature region, but the peak

intensity increases slightly with the frequency. For ex-

ample, when the frequency is 200 Hz, the peak of all the

specimens is near 150 °C, while the peak position moves

to about 400 °C when the frequency is 200 kHz. Obvi-

ously, this loss peak is generated by relaxation polariza-

tion. It should be pointed out that the fluctuation of the

dielectric loss tends to be gentle for the sample with the
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Figure 5. Temperature dependence of dielectric loss of the ceramics with different molar ratios: a) 1:3, b) 1:2, c) 1:1, d) 2:1 and
e) 3:1

molar ratio of 2:1, and the peak has been broaden, as de-

picted in Fig. 5d. The dielectric loss is mainly caused by

relaxation polarization and leakage conductance. When

the frequency of the external electric field increases by

a certain value, the relaxation polarization cannot keep

up with the change of the external electric field, so the

dielectric loss is reduced [21,31]. The curve fluctuation

of the sample with the molar ratio of 2:1 is not obvious,

which may be due to the less relaxation polarization in-

duced by impurities in the sample.

Figure 6 presents the temperature dependence of di-

electric constant of the CZFO/BST composite ceramics.

It can be seen that with the frequency increase, the di-

electric constant (εr) decreases. In the low temperature

region, εr increases slowly with increasing temperature,

as the temperature further increases (above 250 °C), εr

increases sharply. This may be ascribed to two reasons.

On one hand, a high temperature can increase the elec-

tronic transition between Fe2+ and Fe3+ in the ferrite, re-

sulting in a sharp increase of εr and enhanced ion polar-

ization [32,33]. On the other hand, the increased dielec-

tric constant is due to the space charge polarization ef-

fect at the interface of CZFO and BST phase [34,35]. In

addition, more free electrons can be generated at higher

temperature, and thus larger polarization is induced.

When the frequency is high, the dielectric constant is de-

termined only by the displacement polarization, so the

dielectric loss induced by polarization tends to be mini-

mal but the leakage current increases promptly because

more electrons can be motivated from the valance band

and then jump into the conductive band, inducing the

increase of carrier density.
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Figure 6. Dielectric constant as a function of temperature for the ceramics with different molar ratios: a) 1:3, b) 1:2, c) 1:1,
d) 2:1 and e) 3:1

To comparatively research the different dielectric

properties among these samples, dielectric constant and

dielectric loss as a function of temperature measured at

a frequency of 20 kHz are shown in Fig. 7. The dielec-

tric constant does not change much at low temperatures.

When the temperature rises to ∼250 °C, the dielectric

constant begins to increase obviously. The dielectric

constant increases sharply at about 330 °C. It was men-

tioned above that this abrupt increase of dielectric con-

stant at about 330 °C is a result of the abundant increase

of carriers which were motivated from the valance band

at high temperature. With the increase of BST con-

tent, the dielectric constant increases at first and then

decreases at low temperature (approximately <180 °C),

and it has an opposite trend at high temperatures. That

is related to the interfacial interaction between the ferro-

electric phase and the ferromagnetic phase. In fact, the

grain size, grain boundary and density can affect the di-

electric constant.

As shown in Fig. 7b, the dielectric loss increases at

first and then decreases and starts to increase again with

increasing temperature. This peak of loss is related to

the relaxation polarization. When the temperature rises,

the relaxation polarization increases, the ion motion is

more intense, the relaxation time decreases, so the di-

electric loss increases. When the temperature is higher

than a certain degree, the directional migration of the

ions is hindered by the thermal motion, and the polar-

ization is weakened. The peak position variation with

molar ratio can be noticed in the plots of dielectric loss

in Fig. 7b. The peak of the sample with the molar ratio

of 1:2 corresponds to the highest temperature.
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Figure 7. Dielectric constant and dielectric loss as a function of temperature measured at 20 kHz

Figure 8. Hysteresis loops of CZFO/BST composite ceramics
with different molar ratios

3.4. Ferroelectric properties

Figure 8 shows room temperature hysteresis loops of

the CZFO/BST composite ceramics with different ra-

tios with the maximal electric field of 36 kV/cm and

frequency of 1 kHz. The remnant polarization (Pr) and

the coercive field (Ec) decrease at first and then increase

with the increase of CZFO content. The ferroelectric

properties are mainly contributed by the BST phase.

The value of Pr is 0.189µC/cm2 for the sample with

the molar ratio of 1:3 and increases to 0.465µC/cm2 for

the sample with the molar ratio of 3:1. This trend dose

not characterize the ferroelectric properties of the com-

posites. With the increase of CZFO content, the space

charge effect has a bigger contribution to composites

[36]. Besides, the area of the hysteresis loop of the sam-

ple with the molar ratio of 3:1 is very large. The rea-

son is that the resistivity of CZFO is smaller than that

of BST, therefore, the addition of CZFO increases the

electrical conductivity of the ceramics, making the fer-

roelectric performance worse [24]. These results have

proven that the addition of CZFO to BST has a great

influence on the ferroelectric properties of BST.

In order to elucidate whether the leakage currents

in these samples are varied with molar ratio, the cur-

Figure 9. Leakage current as a function of applied field of
CZFO/BST composite ceramics with different molar ratios

rent was measured as a function of applied field. Fig-

ure 9 illustrates room temperature leakage current ver-

sus field of the prepared CZFO/BST composite ceram-

ics with different ratios. The composite ceramics with

the molar ratio of 3:1 has the largest leakage current

(1.06 × 10−5 A/cm2 at 1.5 kV/cm), and the composite

ceramics with the molar ratio of 1:1 has the minimum

leakage current (8.10×10−8 A/cm2). In general, the leak-

age current is mostly induced by CZFO component be-

cause as a typical dielectric material, the electrical resis-

tivity of BST is much larger than that of CZFO. There-

fore, this result of leakage current indicates that in ad-

dition to the intrinsic conductive properties, the content

of CZFO has a large influence on the leakage current

of the composite ceramics. When the CZFO content is

high, the ceramics will have more defects, which will re-

duce the density of the ceramics and it is consistent with

the SEM results. Besides, one can note that the compos-

ite ceramics with other molar ratios (1:3, 1:2 and 1:1)

have a shift of the x-axis origin in the leakage current

curves, and the composite ceramics with molar ratio of

1:3 has the most offset. This phenomenon is usually at-

tributed to the formation of internal field between the

sample and the top and bottom electrodes in the prepa-

ration process [37].
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Figure 10. Hysteresis loops of CZFO/BST composite
ceramics with or without applying magnetic field

The magnetoelectric coupling effect is one of the

most important properties of multiferroic material. Due

to the technical limitations, we can only measure the

ferroelectric hysteresis loop under the action of external

magnetic field. Figure 10 shows the hysteresis loops of

the composite ceramics with the molar ratio of 1:3 under

the influence of the applied magnetic field at frequency

of 1 kHz. It can be seen from Fig. 10 that the presence

or absence of the magnetic field (100 Oe) has little ef-

fect on the ferroelectric properties of the material. This

indicates that the sample shows weak magnetoelectric

coupling effect.

3.5. Magnetic properties

Magnetic hysteresis loops of the CZFO/BST com-

posite ceramics with different molar ratios are shown

in Fig. 11, and the corresponding magnetic parameters

are listed in Table 2. It can be seen that the values of

remnant magnetization (Mr) and saturation magnetiza-

tion (Ms) of the sample with the molar ratio of 3:1 are

about 0.46 emu/g and 50.3 emu/g, respectively. With the

increase of CZFO content, both Ms and Mr values de-

crease at first and then increase apparently. It is interest-

ing that the magnetization of the sample with the mo-

Figure 11. Magnetization versus magnetic field of
CZFO/BST composite ceramics with different molar ratios

Table 2. Saturated magnetization (Ms) and remnant
magnetization (Mr) of CZFO/BST ceramics

with different ratios

Molar ratio 3:1 2:1 1:1 1:2 1:3

Ms [emu/g] 11.3 3.36 6.62 33.4 50.3

Mr [emu/g] 0.27 0.03 0.07 0.12 0.46

lar ratio 1:3 (the content of BST is the largest) is the

third largest. Normally, the magnetization of the com-

posites is mainly contributed by the magnetic phase.

Therefore, the magnetization should be proportional to

the content of CZFO in the composites. The grain size,

grain shape and some undetected impurities can influ-

ence magnetic properties to some extent and thus can

affect the total magnetic behaviours in these compos-

ites. However, the abnormally enhanced magnetization

of the sample (molar ratio is 1:3) can be deemed to be

the result of strong interface interaction between the two

phases [38], and this anomalous magnetic behaviour has

also been observed in other magnetoelectric compos-

ites [17,19]. This stronger interaction may be due to the

high content of BST phase. The effective specific in-

terface area between the two phases may be increased

because more magnetic grains can be surrounded by the

BST phase. Therefore, the distribution of magnetic ions

and their spin orientation are changed, thus the magnetic

properties of the ceramic composites are affected.

IV. Conclusions

Co0.5Zn0.5Fe2O4/Ba0.8Sr0.2TiO3 (CZFO/BST) com-

posite ceramics have been successfully synthesized

by combining co-precipitation with sol-gel method.

XRD analysis revealed the presence of a heterogeneous

Ba2Fe2Ti4O13 phase in the sample, which was related

to chemical reaction at the interface. The composite ce-

ramics with the molar ratio of 1:2 can reach a dielectric

constant of 295 at high frequency (1 MHz), and the com-

posite ceramics with a molar ratio of 3:1 has the largest

(1.59) loss at low frequency. The remnant polarization

of the composite with a molar ratio of 1:2 is the largest

(0.42µC/cm2). The composite ceramics with molar ra-

tios of 1:3, 1:2 and 1:1 have unsymmetrical J-E curves

along the axes as a result of the interface barrier. The

remnant magnetization of the composite ceramics with

the molar ratio of 3:1 is the largest (0.46 emu/g), and the

saturation magnetization is also the largest (50.3 emu/g)

because of the larger content of the magnetic phase

CZFO. The magnetization of the sample with the lowest

content of CZFO shows better magnetic properties than

other samples except of the samples with the molar ratio

2:1 and 3:1. This anomalous enhancement of magnetic

properties can be attributed to the strongest interface in-

teraction between CZFO and BST grains. The reason is

that larger interface areas between the two phases can be

formed when the content of CZFO is at the minimum.

Our results may provide some useful information for en-

hancing multiferroic properties by tuning interface ef-

fect.
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