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ABSTRACT
The magneto-dielectric properties can be tuned through ferromagnetic–
ferroelectric composites with different Mn0.9Zn0.1FeO4 to BaTiO3 ratio.
The two phenomena can couple and interact with each other
when they exist simultaneously due to induced electric polarization in
the magnetic order. The composites were synthesized using the
nanoparticles of Mn0.9Zn0.1Fe2O4 and BaTiO3 with different composition
by sintering at 1000�C. The X-ray diffraction confirms the coexistence of
ferromagnetic and ferroelectric phases. The surface micrographs show
variations in the porosity along with two types of inter grain
connectivity. The magnetic and ferroelectric hysteresis loops confirm
the magneto-electric coupling presents in the composites.
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1. Introduction

The simultaneous existence of ferroelectricity and magnetic ordering in multiferroic materi-
als are gaining special interest due to their promising applications in various multifunctional
devices. In general, combination of both ferroelectric (FE) and ferromagnetic (FM) may lead
to novel functionalities which are not present in either state alone. For instance, the magnetic
properties are governed by electric fields rather than magnetic field, is an excellent feature
provided by multiferroic materials. The composites are essential for the development of
magneto-electronic devices in different frequency regions [1–2]. Moreover, the single phase
multiferroic systems are rare in nature which leads to the preparation of FM-FE composite
materials [3]. The presence of magneto-electric behavior is mainly due to the magnetic-
mechanical-electric interaction in FM-FE region. As a result, the shape of ferrite particles
changes in the external magnetic field due to the magnetostrictive effect and the produced
strain passes to the piezoelectric phase. This will appear as the variation in the electric polar-
ization. Therefore, the composites with high magnetostriction and piezoelectric coefficient
are responsible for producing high magneto-electric coupling [4–6]. Hence, the
Mn0.9Zn0.1Fe2O4 (MZF) and BaTiO3 (BT) are chosen for the FM-FE composites because of
their good magnetostriction and piezoelectric properties [7–8], respectively. Further, the
magnetic properties of these composites will aim the control over the ferroelectric properties
in the magnetic field.
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In the present work, our attention was given to the effect of MZF on BT involving
study of magnetic and electric properties to confirm the multiferroic behavior of
the FM-FE composites and to find the FM and FE ordering in the FM-FE composites.
The magnetic and electric properties can be tuned by changing FE ion content in the
composites.

2. Experimental

The composites were synthesized using the nanoparticles of Mn0.9Zn0.1Fe2O4 (MZF) and
BaTiO3 (BT) with BT to MZF ratio of 37:63, 50:50 and 75:25 by sintering at 1000�C for
6 hours. The optimized composition of MZF nanoparticles (Mn0.9Zn0.1Fe2O4) were syn-
thesized using co-precipitation method as mentioned in our earlier work [8]. While, the
BT nanoparticles were synthesized by hydrothermal method. The stoichiometric amount
of Ba(OH)2.8H2O and TiO2 were mixed in deionized water. Further, the NaOH was
added to the solution according to metal ions to hydroxide ions ratio 3:5 for holding the
Ti-ion (FE) state. The solution was sealed in an autoclave and heated at 200�C for 10h.
The excess NaOH was removed with deionized water until the pH reached 7, and then
dried at 100�C [9]. Finally, the synthesized compositions were used for the preparation
of FM-FE composites in solid-state reaction method. Micrographs were recorded using
Field Emission Scanning Electron Microscopy (FESEM) CARL-ZEISS ULTRA 55. The
XRD patterns were recorded using Bruker (Advanced D8) diffractometer equipped with
Cu-Ka source. The magnetization plots were carried out using a Quantum Design
PPMS-VSM. The disc shaped pellets were coated with silver paste for making electrodes.
The dielectric constant measurements were carried out using Agilent E4980A LCR meter
at 300K in the frequency range from 20Hz to 2MHz. The ferroelectric hysteresis meas-
urements were carried out using Radiant PE-loop tracer at room temperature.

3. Results and discussion

The crystal structure of MZF and BT nanoparticles are cubic spinel and tetragonal respec-
tively confirmed from X-ray diffraction analysis as reported in literature [8–9]. Figure. 1
shows the XRD pattern of FM-FE composites with different compositions. According to the
Joint Committee on Powder Diffraction Spectra (JCPDS), the diffraction peaks evidenced in
Figure. 1 are related to the crystal structure of MZF – BT, which confirms the simultaneous
existence of FE (indexed with ‘�’) and FM (indexed with ‘�’) phases. It is observed that BT
(tetragonal) is formed as major phase.

Figure 2 shows the FESEM micrographs of FM-FE composites with variation of
BT-content 37, 50 and 75%. The variation of porosity and grain size is observed for the
different FM-FE composites. Moreover, the microstructure changes from large to small
sized grains when BT content increases. This is attributed to a decrease in apparent density
of the system with addition of BT in MZF. It is observed from the micrographs that the
composite system consists of two kinds of regions: one corresponds to FM and the other
corresponds to FE phase. We also observed mixed phase grain boundaries in FM-FE com-
posites from micrographs.
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Figure 1. XRD pattern of FM-FE composites of different Ti to Fe ratio respectively.

Figure 2. FESEM micrographs of FM-FE composites of different Ti to Fe ions ratio respectively.
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Figure 3 (left) shows the magnetization (M(H)) plots of the FM-FE composites at 300 and
5K with variation of 37, 50 and 75% BT-content. The increase in coercivity and decrease in
magnetization is observed in theM(H) plots at 300 and 5K with the inclusion of BT-content.
This indicates the existence of non-magnetic ferroelectric phase with ferrite phase. The M
(H) plot of pure MZF shows the soft ferrimagnetic nature with high magnetic moment as
reported in our earlier work [8]. The soft ferrimagnetic nature in FM-FE composites is
reduced due to the suppression of MZF spinel ferrite phase with inclusion of non-magnetic
FE phase as supported by XRD data analysis. The magnetic particles are separated by ferro-
electric particles, which influences the magnetic coupling among the magnetic particles. The
magnetization (M(T)) plots were recorded from 5 to 350K in zero field cooled (ZFC) and
field cooled (FC) mode (Figure. 3, right). The M(T) plot of MZF show long range FM order.
We observed significant changes in M(T) plots when we include FE ions in FM ordered sys-
tem. And the long range order is decreased due to the FM-FE coupling in the composites.

Figure 3. The M(H) and M(T) plots (from left to right) of FM-FE composites with different Ti to Fe ions ratio
respectively.
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The magnetization decreases as indicated by M(T) plots with increasing BT-content. This
indicates the tunability of magnetic properties by changing FE ion content in the FE-FM
composites [10–15].

The variations of the dielectric constant (e) and dielectric loss (tan d) of FM-FE compo-
sites in the frequency range from 10Hz to 1MHz at room temperature are shown in Figure 4
(i) and (ii), respectively. It is observed that the dielectric constant and loss values decreases
with increasing frequency, until it reaches saturation value around 10 KHz. The variation of
dielectric constant with frequency is due to the fact that the electric dipoles are unable to fol-
low the alternate electric field oscillations under higher frequencies. At low frequencies,
dielectric constant is found to have higher values due to the presence of heterogenetic in the
FM-FE composites, which gives rise to space charge polarization and interface polarization.
Since, in the FM-FE composites the ferroelectric grains is surrounded by the ferrite grains or
vice versa, the FE-FM distribution makes two types of inter grain connectivity which imply
two types of ionic relaxations in the low frequency region confirming the results from
FESEM micrographs. Two dielectric relaxations are observed in the frequency (f) dependent
dielectric constant (e) and loss (tan d) of the samples corresponding to the FESEM micro-
graphs. The FM-FE composites show high values of dielectric constant (e) and dielectric loss
(tan d) with an increase in ferrite content (MZF). The impurities and imperfections present
in the system causes the polarization lag with the applied field. Apart from this, the density
(porosity) of the composites is also a key factor which will affect the dielectric constant and
loss [16–18].

Figure 5 shows the ferroelectric hysteresis data at room temperature for FM-FE compo-
sites as a function of composition. The P-E loop of the composite shows rounded tips
instead of typical hysteresis loops, indicating high leakage. The reduction in saturation
polarization is due to the porosity present in the system with increasing BT-content. Gen-
erally, the ferroelectric properties of the composites can be explained with domain size,
structure and wall movement. The coupling between ferromagnetic and ferroelectric order-
ing will cause the magneto-electric coupling which gives the interesting multiferroics prop-
erty [19]. Moreover, the ferrite domains are bigger than the ferroelectric domains which
causes strong magneto-electric coupling at the domain walls. When the BT-content is
increased in the composites, the decrease in coercivity (Ec) and saturation field (Es) is

Figure 4. The frequency (f) dependent dielectric constant (e) and loss (tan d) of the FE-FM composites
(a), (b) and (c) sintered at 1000�C respectively.
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observed. Generally, the coercive field is related to grain connectivity or diffusivity at the
grain boundaries which depends on the relative theoretical density. In this case, the com-
position of composite (different FM-FE matrix) will affect not only the relative density but
also the distance between the ferroelectric ions (poles). This will alter the interaction
between the internal poles in the composite because ferroelectric region is surrounded by
ferrite region. So the change in the coercivity is observed with BT-content variation. The
decrease in saturation polarization is due to porosity in the BT-rich compositions which is
supported by FESEM micrograph analysis [18–19].

Figure 5. The polarization vs. electric field plots of the FE-FM composites of different composition sintered
at 1000�C.
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4. Conclusion

The (MZF – BT) composites were synthesized using Mn0.9Zn0.1Fe2O4 and BaTiO3 nanopar-
ticles with BT to MZF ratio of 37:63, 50:50 and 75:25 by sintering at 1000�C. The XRD pat-
tern confirms the coexistence of FM and FE phases. The FESEM micrographs show two
types of grains with varying porosity. The variation of magnetic field dependent (M(H)) and
thermomagnetic M(T) properties, ferroelectric hysteresis loops and dielectric properties
indicate the coexistence of FM-FE coupling. The formation of FM and FE phases are con-
firmed using structural, magnetization and electrical studies. The study directs the magnetic
field controlled ferroelectric properties in the FM-FE coupled regions of the composites.
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