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NiTiO3;/MnFe,04 ferrite composites: synthesis, optical,
ferroelectric and magnetic properties
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This work reported the successful synthesis of ilmenite-spinel (1 —x)NiTiO3-xMnFe,O4 (x =0, 0.05 and 0.10) composites
by a simple sol-gel method. Phase formation of composites was analyzed by the X-ray diffraction method. All the synthesized
samples formed diphasic ilmenite-ferrite composites without any trace of impurity or intermediate phase. The optical proper-
ties of synthesized composites were characterized by diffuse reflectance UV-visible spectroscopy. MnFe,O,4 phase modified
the optical band gap of NiTiO3 material and shifted its optical bandgap value toward lower energy. Ferroelectric and magnetic
hysteresis loops were investigated at room temperature. The hysteresis loops indicated the typical ferromagnetic and ferroelec-
tric nature of all composites at room temperature. In P-E loops, the remanent polarization (P,) and saturation polarization (Ps)
showed a slight increase in the sample with 5% MnFe,04 phase addition. However, the lossy P-E loop was observed in the
sample with the addition of 10% MnFe,Oy4. The presence of ferrite MnFe,O4 phase in NiTiO3 material enhanced the magnetic
properties of NiTiO3 at room temperature. The M-H loops of NiTiO3-MnFe,; 0,4 composites presented a ferromagnetic behavior
with a dramatic increase in saturation magnetization with an increase of ferrite phase addition.

Keywords: Sol-gel processes; NiTiO3, MnFe; 04, composites, ferroelectric properties, magnetic properties

1. Introduction electric phases is expected to have relatively strong
magneto-electric coupling between ferroic charac-
teristics.

NiTiO3 (NTO) is a material that belongs to the
family with formula ATiOs3, in which A is a tran-
sition metal such as Fe, Mn, Co, Ni, and so on.
It is of particular interest because of its optical,
electrical, and magnetic properties. NiTiO3 is an
semiconductor with a bandgap value ranging from
2.2 eV-2.8 eV [4] and is antiferromagnetic with a
Neel temperature about —251-+-—252°C [5]. Pre-
vious reports showed that NiTiO3 exhibited ferro-
electric characteristics at room temperatures [6—8].
Generally, magnetic properties of NiTiO3 ceramic
can be changed by metal transition dopants [9-11].
Doping with transition metal can induce ferromag-
netic properties due to induction of oxygen vacan-
cies [9]. Lenin et al. reported that Fe doping in
the NiTiOs lattice can enhance magnetic properties
[11]. In contrast to this result, Tursun et al. found
_— that the Zn, Cu, Mn, Co, and Fe doped NiTiO3 sam-
" E-mail: bac.luonghuu@hust.edu.vn ple exhibited ferroelectric properties and the Fe,

The multiferroic ceramics are materials in
which both ferromagnetic and ferroelectric behav-
iors occur simultaneously and both magnetic and
electric properties can be controlled by changing
the applied electric and/or magnetic fields. Mag-
netic fields can affect the electrical polarization and
conversely an electrical field can affect the magne-
tization. However, the coexistence of both electric
and magnetic properties in a single-phase material
is almost mutually exclusive because the mecha-
nism of the occurrence of combined ferroelectric
and ferromagnetic properties is unfavorable, which
limits the practical applications [1]. That is why
numerous researchers have been looking recently
for alternative ways to integrate two or more mag-
netic and electric phases in one material that can
obtain ferroelectric and ferromagnetic ordering in
the material [2, 3]. A composite of magnetic and
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Cu, Zn doped NiTiO3 samples with 5 mol.% dop-
ing had ferromagnetic properties [10]. However,
the magnetic saturation (M) and remanent magne-
tization (M,) values of doped NiTiO3 samples were
small and caused a reduction in ferroelectric prop-
erties of NiTiO3 material.

Manganese ferrite (MnFe,04-MFO) ceramic is
a spinel ferrite material which is one of the im-
portant magnetic oxides, with specific physical and
chemical properties [12, 13]. MnFe;O4 has soft
magnetic properties with low coercivity, high mag-
netic permeability, and moderate saturation mag-
netization [14, 15]. This material can be employed
as a magnetic phase in composite materials to en-
hance magnetic properties. Many studies previ-
ously reported on composites of ferroelectric mate-
rials, such as BiFeOs3, BaTiO3, PbTiO3 and spinel-
type ferrites such as MnFe, 04, CoFe,O4 [16-18].
Jain et al. reported that Bagg3Cag 19Srg.07TiO3-
MnFe;04 composites showed a slight drop in di-
electric, piezoelectric, and ferroelectric properties,
with MnFe,O,4 addition. However, there is a sig-
nificant increase in magnetic and magneto-electric
properties [19]. Pachari et al. studied the effects
of several types of ferrite (ZnFe;O4, CoFe,;O4 and
Cog.5Zng 5Fe;04) on the magnetic properties and
reported that the BaTiO3-CoFe,04 composites en-
hance magnetoresistance and magnetocapacitance
effects, which were dependent on the percentage
of ferrite [20]. There are a few works that study
NiTiO3 ilmenite ceramic, to synthesize the com-
posite and study the effect of magnetic phase on
the optical and ferroelectric properties. Ansari et
al. synthesized NiTiO3-NiFe,O4 composites by a
sol-gel combustion route with onion extract used as
a fuel [21], and reported that the NiTiO3-NiFe;O4
nanocomposites showed superparamagnetic behav-
ior with saturation magnetization (M) of 6 emu/g
and coercive field (H.) and remanent magnetiza-
tion (M,) approximately equal to 0. This work sup-
ported a green method to prepare NiTiO3 compos-
ites. Nevertheless, this work has not investigated
the optical and ferroelectric properties of compos-
ites. As per our knowledge, no information on opti-
cal, ferroelectric, and ferromagnetic characteristics
of NiTiO3-MnFe,O4 composites are available in
the literature. In this work, we have reported a sim-

ple method to prepare the NiTiO3-MnFe;O4 com-
posites. Optical, ferroelectric, and magnetic char-
acterizations of prepared composites were system-
atically carried out.

2. Experiment

2.1.

Monohydrate citric acid (C¢HgO7-H>0O) was
purchased from Guangdong Xilong Chemi-
cal Co., China. Nickel (II) nitrate hexahydrate
(Ni(NO3)2-6H,0), iron (III) nitrate nonahy-
drate (Fe(NO3)3-9H,0), manganese (II) chloride
tetrahydrate (MnCl,-4H,0) and tetraisopropoxyti-
tanium (Ti[OCH(CHj3)]4) were purchased from
Sigma Aldrich and used without further purifica-
tion.

Materials

2.2. Sample preparation

The (1 — x)NiTiO3-xMnFe,O4 (where x = 0,
0.05 and 0.10) composites were synthesized by
a sol-gel method and referred to as NTO-yMFO,
where y stands for MnFe,O4(MFO) content. Citric
acid solution was used as a solvent and a chelat-
ing agent. First, citric acid was dissolved into dis-
tilled water to make a solution with molar concen-
tration of 1.5 M. Tetraisopropoxytitanium (TTIP)
was dropped into the above solution under vigorous
stirring for about 1 h at 70°C. After that, nickel ni-
trate was introduced into the solution and the mixed
solution was kept stirring for around 1 h. Then, iron
nitrate and manganese chloride were added with
appropriate molar portions of metal nitrates fixed
at Mn:Fe ratio of 1:2. The solutions were continu-
ously stirred at 70°C until a gel was formed. The
gel precursor was dried at 100°C for a day to re-
move excess water and turned into a foam block of
xerogel. The xerogel was heated at 400°C for 2 h
and annealed at 800°C in air for 3 h with a heating
rate of 10°C/min. After cooling to room temper-
ature, it was ground in an agate mortar to obtain
composite powders. The overall synthesis proce-
dure of (1 — x)NiTiO3-xMnFe;O4 composite sam-
ples is schematically represented in Figure 1.

For P-E loop measurement, (1 — x)NiTiOs-
xMnFe;04 composite powders were well mixed
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Fig. 1. Schematic diagram of the sol-gel method to synthesized (1 —x)NiTiO3-xMnFe;O4 composites

with 3 wt.% polyvinyl alcohol (PVA, 5%) and then
uniaxially pressed into a disc with a diameter of 10
mm and ~ 1 mm under pressure of 150 MPa. The
pressed pellets were sintered at 1200°C with a heat-
ing and a cooling rate of 5°C/ min in air for 5 h in
a box furnace. After sintering, the sintered pellets
were polished, cleaned, and a silver electrode was
deposited on both sides of the pellet.

2.3. Characterization

X-ray diffraction (XRD) pattern was measured
by an X-ray diffractometer (Philips- X’PertPro) us-
ing Cu Ka (A = 1.54056 A) radiation. The Raman
spectra were employed by a micro Raman spec-
trophotometer (JASCO Raman NRS-3000). Mi-
crostructure of the samples was observed by scan-
ning electron microscopy (Tabletop Microscope
HITACHI TM4000Plus) with acceleration voltage
of 15 kV. The room temperature optical reflectance
data of the synthesized samples were investigated
using a UV-Vis Spectrometer (JASCO V- 750).
Ferroelectric hysteresis loops (P—E) were tested by
a ferroelectric tester (Radiant Precision Premier II).
The magnetic properties of the NiTiOz and (1 —
x)NiTiO3-xMnFe;O4 composites were recorded at
room temperature in range of —10 kOe < H
< 10 kOe by a vibrating sample magnetometer
(Lakeshore 7400).

3. Results and discussion

3.1. Structural analysis

Figure 2 depicts the XRD patterns of synthe-
sized (1 — x)NiTiO3-xMnFe>O4 (x = 0, 0.05 and

0.10) composites annealed at 800°C for 3 h. All
samples included the observed diffraction peaks
at 20 = 24.03, 33.16, 35.72, 40.76, 49.54, 53.90,
57.35, 62.35, and 64.06, which corresponds to the
(hkl) lattice planes of (012), (104), (110), (113),
(024), (116), (018), (124), and (300), respectively.
It belongs to the rhombohedral structure with R
3 space group of NiTiO3 structure. The observed
peaks and corresponding planes are well matched
with standard JCPDS 33-0960. It is noted that the
expected diffraction peaks of MFO in compos-
ite materials can be detected diffraction peaks at
260 = 30.31, 37.32 which exhibited a cubic spinel
crystal structure with space group Fdm3 (JCPDS
card number 74-2403). The relative intensity of the
MnFe,04 diffraction varied corresponding to the
MnFe,; 04 content. The X-ray diffraction spectra of
the synthesized powders indicated that mixed crys-
talline spinel-ilmenite phases have been formed
without any trace of foreign phases. These re-
sults exhibited the successful formation of the NTO
and MFO crystal phases in the composites, and
no prominent chemical reactions happened during
the synthesis process, which obtained the individ-
ual separation of ferroelectric and ferromagnetic
phases. Rietveld refinement was carried out for
analysis of crystal structure. For refinement work,
constituent information phases were used from the
crystallography open database. The refined crystal
parameters of the constituent phases and their com-
posites are shown in Table 1. The presence of both
phases in composites has not influenced the crystal
structure of the individual phase, showing that no
additional chemical interactions between ferroelec-
tric and ferromagnetic phases form the impurity
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Fig. 2. XRD pattern of a) (1 —x)NiTiO3-xMnFe, 0,4 composites and b-d) Rietveld refinement analysis

Table 1. Lattice parameters and crystalline size of (1 —x)NiTiO3-xMnFe,04 composites

Sample Lattice parameters Unit cell Crystalline Ryp
volume (A3) size (nm) %
NTO MFO NTO MFO NTO MFO
a(A) c(A) a(A) phase phase  phase phase
NTO 5.0284  13.7912 - 301.98 - 35 - 17.6
NTO-5SMFO  5.0285 13.7916 8.3373 302.00 579.53 37 26 18.7
NTO-10MFO 5.0343 13.8074 8.3341 303.04 578.86 38 27 18.3

phase and and that their symmetry is maintained
in the synthesized composite materials. Moreover,
the addition of MnFe,O, phase resulted in a slight
change in lattice parameters of NiTiO3; phase. The
a and c lattice constants of NiTiO3 increase slightly
with an increase of MnFe,O4 content. Further, the
a lattice constant of MFO had the opposite trend
to the lattice constant of NiTiO3. The addition of
MFO caused an expansion of NTO lattice that in-
duced strain, which can affect the electrical charac-
teristics of the composite samples. It can be clearly
seen that the diffraction peak intensity of the MFO

phase increased with the increasing of MFO con-
centration, which confirmed the two phases coex-
isted in composites. The cell volume of NTO phase
increased with an increase of MFO content. The
increasing of unit cell volume of NTO can be as-
cribed to the expansion strain of the NTO phase.
In contrast, the cell volume of the MFO phase in-
creased, which means that the MFO lattice was ex-
panded. The strain formation can be one of the crit-
ical parameters which influence the optical, elec-
tric, and magnetic properties of composite samples.



NiTiO3/MnFe; 0y ferrite composites 47

3.2. Raman analysis

Figure 3 shows the Lorentzian deconvoluted
Raman spectra of (1 — x)NiTiO3-xMnFe;O4 com-
posites monitored in the range of 150-1000 cm™! at
room temperature. The pristine NiTiO3 presented
ten Raman active modes (5A, + 5E,) of ilmenite
structure, which are in agreement with reports in
the literature [22]. However, the intensity of these
vibration modes of Raman signals of composite
samples showed the breadth of Raman modes.
These results were due to the overlapping of Raman
modes of MFO with vibration modes of ilmenite
structure. The intensity of Raman modes of MFO
was very weak in comparison with those of vibra-
tion modes in NiTiO3 material. Therefore, these vi-
bration modes were not observed clearly in Raman
spectra.

Intensity (a.u.)

200 300 400 500 600 700 800 900 1000
Wavenumber (cm™)

Fig. 3. Raman spectra of a) NTO, b) NTO-5MFO and
¢) NTO-10MFO composites

However, the overlapping of the Raman vibra-
tion modes of both phases caused the broaden-
ing Raman vibration modes. We can observe these
modes by deconvolution of the Raman spectrum of
the composite samples. Lorentzian least square fit-
ting was used to fit the experimental data to ana-

lyze the line width. Ten Raman vibration modes
corresponding to pure NiTiOs materials were ob-
served from the fitting curves. In addition, the Ra-
man vibration mode of MnFe,O4 at 653 cm~! was
observed in the Raman spectra due to the symmet-
ric stretching of oxygen atoms along Fe—O bonds
in the tetrahedral sites in MnFe,O4 material [23].
The intensity of the Raman vibration band of MFO
phase increased with an increase of MFO con-
tent, which revealed the MFO phase existed in the
synthesized samples. No modes of impurity phase
were detected from Raman spectra, which indi-
cated the high purity of the prepared composite
samples.

3.3. Surface morphology

The SEM images of the (1 — x)NiTiOs-
xMnFe,04 ceramics are presented in Figure 4. All
images show remarkably clear boundaries; how-
ever, the grain size is not homogeneous and grains
are in a wide range of size distribution. The aver-
age grain size of the samples was estimated using
IMAGE-J software [24]. It is clear from the figures
that the pure NiTiO3 samples have smaller grains
and more pore in comparison with composite sam-
ples. The average grain size of pure sample is about
3.7 um. It increases to 4.7 um and 5.0 pm for com-
posite samples with 5 and 10 mol. % MnFe,Oy4, re-
spectively. Moreover, the pores decrease with intro-
ducing MnFe;Oy4. The addition of MnFe,O4 phase
in NiTiO3 material can work as a sintering aid,
which increases the rate of diffusion and enhances
the performance of the densifying mechanism.

3.4. Optical properties

The optical properties of synthesized (1 —
x)NiTiO3-xMnFe;O4 composite powders were
studied by UV-Vis diffuse reflectance spectra,
which is presented in Figure 5. The color of (1 —
x)NiTiO3-xMnFe,O4 composites changed from the
light yellow color of pure NiTiOj3 to the black color
of NiTiO3-MnFe;O4 composites. The absorption
spectrum of NiTiO3; showed two main absorption
regions: 300 nm — 550 nm (the transition 3A2g(3F)
— 3T1g(3P)) and 650 nm — 900 nm (the tran-
sition 3A,(3F) — 3T1,(3F)) [25, 26]. The op-
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Fig. 5. a) Optical absorbance spectra and b) plotting of (athv)? versus photon energy of (1 — x)NiTiO3-xMnFe,04

composites

tical absorption of NiTiO3-MnFe;04 composites
exhibited a broad band in 300 nm — 550 nm re-
gion, which indicates that the band edge absorption
has been extended to the visible light region when
the MnFe,O4 was introduced into NiTiO3 to form
composites. The optical band gap was estimated
using the Wood-Tauc method [27]. The optical ab-
sorption of materials was presented by equation
(ahv) ~ (hv-E,)", where o is the linear absorbance
coefficient, AV is the photon energy, E, is the opti-
cal band gap energy, and » is a constant which re-
lates to different types of electronic transition (n =
2 and 1/2 for an indirect and direct bandgap mate-
rial). The plot of (athv)? as a function of photon
energy (hv) of the synthesized powders was ex-
hibited in Figure 5b. The optical band gap values
were determined by extrapolating the linear portion
of (ahv)? versus hv plot to the point at (ahv)? =
0 [28]. The relationship between bandgap energy
and MFO content is illustrated in the inset of Fig-

ure 5b. The E, value decreased with an increase of
MFO content. It decreased from 2.23 eV to 1.38 eV
for pure NiTiO3 and NiTiO3-MnFe,O4 composites
with 10 mol.% MFO, respectively. These results
revealed that the optical bandgap of NiTiO3 were
significantly changed by the MnFe;O4 phase. The
bandgap energy of MnFe;O4 material is narrower
than that of NiTiO3 and this could result in decreas-
ing the band gap value of the composites. The de-
crease of bandgap values of host materials due to
ferrite phase is in agreement with the results which
reported from previous studies [29, 30]. Moreover,
there are many other factors that can be responsi-
ble for decreasing bandgap energy, such as strain,
grain size effect, etc. [31, 32]. This result indicated
the ability to modify the optical bandgap value by
simple manipulation of the MFO content.



NiTiO3/MnFe; Oy ferrite composites

49

0.15 0.15
—_ a &
‘€ 0.104 £ 0.104 b
o L
o <"005
2 0.05 =0,
E " g
© 0.00 — 20.00 /
= ©
[ N
N 0054 / 20,054
™
s 3
© -0.10 -0.104
& o
0.15 B T o A . S S S S
12 -10 -8 6 4 2 0 2 4 6 8 10 12 -12-10 8 6 4 -2 0 2 4 6 8 10 12
Electric field (kV/cm) Electric field (kV/icm)
0.15 0.15
—=—pr
— c d
4 | ——P
£ 0.10 0421
o
S —
% 0.054 T
s G 0091
5 000 %
s =0.06
N -0.051 o
]
S -0.104 0.5
o
-0.15 ey r —— 0.00 .
1210 8 -6 -4 -2 0 2 6 8 10 12 0

4
Electric field (kV/iem)

5 10
Electric field (kV/icm)

Fig. 6. Ferroelectric loops of a) NTO, b) NTO-5MFO, c) NTO-10MFO composites and d) dependence of P and

P, of composites on MFO content

3.5. Ferroelectric properties

The ferroelectric properties of prepared samples
have been determined from the P-E loop recorded
at room temperature under the constant field of 10
kV/cm, which is shown in Figure 6a-d. The P-
E loops of prepared samples showed a typical P-
E loop, indicating the ferroelectric properties of
these samples. However, the shape of P-E loops
depended on the ratios of phases between ferro-
electric phase and ferrite phase. The pure NiTiO3
without ferrite phase exhibited a small hysteresis
loop. Increasing the ferrite phase to 5%, the P-E
loop of this sample is well saturated with the cal-
culated values of remanent polarization (+P,) of
0.063 uC/cm? and saturation polarization (+Ps) of
0.108 uC/cm?. These values are higher than those
of the pure NiTiO3 sample with remanent polariza-
tion (+P,) of 0.017 ;,lC/cm2 and saturation polariza-
tion (+P;) of 0.056 uC/cm?.

It showed that both saturation and remanent
polarization values of synthesized composites in-
creased with an increase of ferrite content. The

value of P increased with MnFe,O4 content,
which could be related to the space charge con-
tribution of the ferrite phase [33]. The addition of
a magnetic phase into a ferroelectric phase gener-
ally caused ferroelectric properties to decline be-
cause the presence of the ferromagnetic phase re-
sulted in a leakage current in the composite, con-
sequently the ferroelectric properties of the com-
posite decreased [34, 35]. However, the addition
of the ferromagnetic phase in the ferroelectric ma-
terial can enhance the ferroelectricity at certain
content due to attribution of coherent interfaces.
The ferroelectric properties rise when ferroelec-
tric content increases to a threshold [36]. In our
work, we observed that ferroelectric properties in-
creased at 5% MnFe,04 content. However, the
lossy current occurred with decreasing of polariza-
tion at a high electric field when MnFe,O4 con-
tent was 10%. An increase of coercivity value
and a round-shaped P-E loop at high MFO con-
tent can be attributed to higher loss and a rise
in conductivity in the composites [30, 36]. Our
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results showed similar trends with some other
system composites of the ferroelectric and fer-
romagnetic phase reported in the literature, such
as Na()isBi()_jTiO3 - BaFe12019 [33], COFCQO4—
Pb0 7Cap3TiO3 [37]. Sharma et al. observed that
ferroelectric behaviors of CoFe,O4-Pbg 7Cag 3TiO3
composites at room temperature were strongly de-
pendent on ferrite concentration [37]. The polar-
ization value of CoFe,04-Pbg 7Cag 3TiO3 compos-
ite increased with the increasing of ferrite content.
Pattanayak et al. showed that the values of sat-
uration polarization and remanent polarization of
Nag 5BigsTiO3-BaFe ;019 composites increased
with BaFe ;019 content up to 30 wt.% and then
dramatically decreased because of an increase of
leakage current through ferrite paths [33]. Jain et al.
reported on the ferroelectric and magnetic proper-
ties of Bag g3Cag 19Sro o7Ti03-MnFe,O4 multifer-
roic composites [19]. Bag gzCag.10S10.07TiO3 ma-
terial showed a ferrimagnetic hysteresis loop with
considerable saturation magnetization; however, it
exhibited a slight reduction in dielectric and ferro-
electric with MnFe,O4 addition [19].

Figure 7 shows the leakage current of pristine
NiTiO3 and (1 —x)NiTiOz-xMnFe,O4 composites
as a function of an applied electric field. The leak-
age current of all samples increased with the in-
creasing of an applied field. The increment of leak-
age current versus rising of the electric field is non-
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Fig. 7. Leakage current density vs. electric field of
NiTiO3 and (1 — x)NiTiO3-xMnFe,O4 compos-
ites

linear, which suggested non-Ohmic characteristic
of this system. In addition, it also increased with
increasing of MnFe,O4 content. The result may be
due to the attribution of lower resistive MnFe,O4
material in a higher resistive NiTiO3 phase.

3.6. Magnetic properties

Figure 8 showed the magnetization vs. mag-
netic field hysteresis loops for the spinel-ilmenite
(1 — x)NiTiO3-xMnFe,O4 composite samples at
room temperature. The pure NiTiO3 consisted of
paramagnetic materials, which is consistent with
reports in the literature [5]. The loops of NiTiO3-
MnFe,04 composites clearly exhibited the ex-
istence of an ordered magnetic structure in the
ilmenite-ferrite composite. Magnetic parameters
of synthesized composites are presented in Ta-
ble 2. The magnetic behavior of (1 — x)NiTiO3-
xMnFe;04 composites showed similar behavior,
with a clear S-shaped ferromagnetic hysteresis
loop. The magnetic saturation magnetization (M),
remanent magnetization (M,), and coercive field
(H.) of the composites have a strong dependence
on the addition of the MFO. As the analysis in the
XRD above, results implied that the MnFe,O, fer-
rite phase formed in the composite samples, which
explained why the magnetic properties of these
samples were enhanced and exhibited the ferro-
magnetic behavior. The increase in magnetic prop-
erties of synthesized composites is expected be-
cause magnetic properties of composites depend
on the ferrite amount added into composites. The
remanent and saturation magnetization increased
with an increase of MFO content, which indicated
a significant increase in magnetic characteristics
with the MFO addition in NTO. The addition of
MFO phase resulted in an increase of M and M,,
which play a crucial role in determining the magne-
tization of synthesized composites because NiTiO3
is a nonmagnetic material. The higher saturation
magnetization in composite samples with higher
MFO content could be explained by the individ-
ual ferrite grain distribution in composite, which
acts as a center of the magnetization and the sat-
uration magnetization of the composites is the vec-
tor sum of these individual contributions. The clear
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Fig. 8. a) Magnetic hysteresis loops of the (1 — x)NiTiO3-xMnFe;O4 nanocomposite samples measured at room
temperature and b) dependence of M and M, of composites on MFO content

Table 2. Magnetic parameters of (1 —x)NiTiO3-xMnFe,O4 composites

Samples = Magnetic Remanent Coercivity Remanent Ratio
Saturation magnetization (Oe) M, IM,
(emu/g) (emu/g)
0 0.005 0.0001 70 0.02
x=5% 0.691 0.174 135 0.252
x=10% 1.283 0.417 150 0.325

P—E and M—H hysteresis loops of the synthesized
composite samples showed that both ferroic prop-
erties in (1 — x)NiTiO3-xMnFe,04 composites ex-
isted at room temperature.

4. Conclusions

In this work, we reported the synthesis of
NiTiO3-MnFe;O4 nanocomposites with a one-step
sol-gel method. The XRD confirmed the forma-
tion of mixed phases of ilmenite NiTiO3 and spinel
MnFe;0O4. The optical bandgap value of com-
posites decreased with an increase of MnFe,Oy4
content. The composites exhibited both ferroelec-
tric and magnetic behaviors at room temperature.
There is a significant increase in magnetic qualities
with the existence of spinel MnFe,O,4 in NiTiO3
ceramics. Magnetic studies exhibited the forma-
tion of ferromagnetic hysteresis loops with sat-
uration magnetization for all composite samples.

This research showed a simple approach to synthe-
size mixed phases of ilmenite NiTiOz and spinel
MnFe;04 materials to modify optical properties
and to enhance ferroelectric and magnetic prop-
erties, which could be applied in development of
multifunction materials.
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