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Qualitative Analysis of Magnetic Moment in
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Abstract: A novel low temperature preparation technique
(<500°C) is employed for synthesizing nanoscale Barium Titanate
-Nickel ferrite composites, where the particle size is controllable.
Two different ratios of hard and soft site composites (BTO-NFO
80:20, BTO-NFO 70:30) are synthesized and characterized to
study their unique structural, morphological and magnetic
properties. The structural refinement studies using XRD data
showed 43 % of hard phase (anorthic structure) and 57% of soft
phase (Cubic Structure) for BTO-NFO 80:20 and similarly 76%
of hard phase and 24% of soft phase in the BTO-NFO 70:30
composite respectively. The SEM and EDAX are used to identify
smaller particles of 10 nm using histogram and their sample
purity. The VSM analysis at room temperature shows
superparamagnetic behavior within the soft ferro magnet with
maximum retentivity 2.39 emu/g and saturation magnetization,
10.71 emu/g stating that the composites can be used for various
biological applications like drug delivery, hyperthermia, MRI, etc.
The ratio Mr/Ms is much less than 0.5, which states that
multidomain grains or single domains are formed and the particle
interaction is by magneto-static interaction confirming its
superparamagnetic nature

Key Words. Barium Titanate, Nickel ferrite, Nanocomposite,
Superparamagnetic, Low Temperature, Magnetic Moment,
Bandgap Energy, Coprecipitation, Sol Gel-Auto Combustion,
Physical Mixing.

I. INTRODUCTION

M ultifunctional materials have brought greater interest to

researchers for the last decade. Materials like Multiferroics
and ferroics have the possibility of opening enormous
applicationsin the field of magneto-electric materias, which
can have two paralel properties at the same time. Such
properties can exceed the traditional use of magneto-electric
materials. These applications include the scope of controlling
magnetic phase by electric fields to magnetically controlled
ferroelectrics. A large number of theoretical, experimental
and application-oriented publications were done in these
multifunctional materialsin the past years.
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Multiferroics was also listed as the only one in top ten “Areas
to study” in the field of Material Science in the upcoming
years. Today such materials have expanded their properties
and are also used for advanced electronic devices [1], [2].
These composites have magneto-electric coupling, which is
the ability to control the magnetic phase under the influence
of an electric field and vice versa [3]. Such materials can also
be termed as Magneto-electric Multiferroics. It is to be noted
that when two different phases coexist with each other as
multiferroics, there is a dilution between the electric and
magnetic phases. In recent periods different types of
Multiferroic composites are reported [1]-[6]. It isto be noted
that the preparation techniques play a significant role in
achieving the desired properties of the final composite
material. Though the future will need more such types of
composite materials, there are some problemsin synthesizing
such multiferroics which need to be solved [4]. Besides
research, multiferroics have potential applications as novel
electronic memory devices, transducers, actuators, capacitive
filters or inductive filters for telecommunication, magnetic
field sensors, electric-write magnetic-read memory devices
etc. [7]-[14]. Nano ferrites or nano-multiferroics have
various applications in areas like nova storage devices,
Nano-electric generators, ferro-fluids, microwave devices,
antennas, magnetic refrigerators, heterogeneous catalysts,
targeted drug delivery and as repulsion-suspension in
levitated railway systems [14]-[16].

Among various ferroelectrics like Lead Titanate, Lead
zirconium titanate, Barium Titanate, Rochelle salt etc,
Barium titanate is used widely due to its less toxicity
compared to lead based materials. These materials have high
energy storage properties and are environmentally friendly in
nature. It is believed that Barium titanate based ceramics can
not only improve the electric energy storage performance but
also be used in high level advance applications including
advanced pulsed power capacitors, High electron maobility
transistors, flexible polymer dye sensitized solar cell,
photodetectors, tunable microwave devices, mid-infrared
electro optical waveguide modulators etc. [17]-[22]. Nickel
ferrite on the other hand are soft ferrite materials that are
multifaceted having ferromagnetic properties with low eddy
current loss, high electrochemical stability and low
conductivity. They also show super paramagnetic behavior
which can be used in applications including gas sensors,
magnetic fluids, magnetic hyperthermia, battery catalysts,
magnetic storage devices, microwave devices etc. [22]-[28].
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More recently a biomechanical energy harvesting device has
been fabricated by Hangzhou et al, using apair of multiferroic
laminates of high magneto-electro strictive properties [15].
With Barium titanate composite blended with PDMS
(polydimethylsiloxane), Hajra et a constructed a hybrid
nano-generator device that can generate a maximum
electrical output of 320 V and 12pA [16]. Since previous
research on barium titanate and nickel ferrite shows that the
multiferroic behavior can be significantly improved by
choosing appropriate  synthesizing techniques, low
temperature preparation techniques are used to prepare BTO-
NFO nano composites of two different ratios, 80-20 and 70-
30 respectively; and their enhanced magnetic properties are
deliberated in this paper.

A. Preparation of Hard site material:

The composite material consists of two particles. One is the
hard phase and another one is the soft phase in terms of its
Ferro properties. The ideaisto prepare ananocomposite with
barium titanate on the hard site and Nickel ferrite on the soft
side. For the preparation of barium titanate particles the
coprecipitation method is employed. At first a stoichiometric
amount of Barium Chloride, Titanium tetrachloride and
Oxalic acid are dissolved in deionized water which is
magnetically stirred for 30 minutes. The solution is then left
to settle down to form precipitate and the decanting process
is carried out several times. Later the precipitate is heated on
a hot plate at 80-degree Celsius to form powdered barium
titanate particles. The particles are later crushed in motor
pistol and then collected
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Figure 1. Synthesis of Barium Titanate by co-
precipitation Method.

B. Preparation of Soft site material:

The Soft side Nickel ferrite is synthesized by Sol gel auto
combustion technique. In deionized water, the stoichiometric
amount of Nickel nitrate, ferric nitrate and citric acid is
dissolved. The solution is magnetically stirred and heated
until the solution turnsinto the preferred gel condition, that is
further heated at a low temperature in a hot plate until it is
self-combusted to form dark brown powders. The precursor
powder is then annealed at 400°C for 6 hours. The fina
Nickel ferrite powders are collected.

C. Preparation of Nanocomposite material:

For preparation of nanocomposites, a physical mixing route
is employed. 80 and 70% weight ratio of as-prepared barium

Retrieval Number: 100.1/ijrte.D66281110421
DOI: 10.35940/ijrte.D6628.0110522
Journal Website: www.ijrte.org

titanate are mixed with 20 and 30% weight ratio of as-
prepared nickel ferrite particles which are grinded for 1 hour
by using motor and pistol. Thus, the composites are taken in
two different ratios of 80:20 and 70:30 respectively and are
named as BTO-NFO 80-20 and BTO-NFO 70-30. These two
sample powders are further given for characterization.
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Figure 2. Synthesis of Nickel Ferrite by Sol-Gel auto-
combustion Method.

Ni(NO,), +Fe(NO,);+
CH0,(1:2)

II. EXPERIMENTAL TECHNIQUES:

The prepared nanocomposites are given for the following
characterization. For Structural analysis, 3rd generation
Empyrean X-ray diffractometer, Mavern Panalytical with Cu
Ko (A=1.540598 A) radiation is used. Morphology along with
their particle size distribution are analyzed using Scanning
Electron Microscopy (SEM) Jeol JSM 6390model equipped
with EDX for determination of chemical composition and
weight percentage of chemicals. For Magnetic studies, 7407
lakeshore- Vibrating sample magnetometer calibrated to 1.5
Tesla at room temperature is used to find the magnetic
moment of BTO-NFO composites.

[1l. RESULTSAND DISCUSSIONS:

A. Structural analysis.

The structural analyses of the samples (BTO-NFO 80-20 and
BTO-NFO 70-30) are carried out using XRD. All peaks are
indexed in accordance with matching JCPDS card
number,40-0405 for BTO & 88-0380 for NFO. Barium
titanate is found to have anorthic (triclinic) structure whereas
Nickel ferrite possesses Cubic structure. All the lattice
parameters a, b, ¢, a, B and y were found to be similar to pure
BTO & NFO JCPDS card numbers. The lattice parameters
are tabulated and it is observed that except c al other lattice
parameters increase with increase in the soft site
concentration. The intensity of the peak increases with an
increase in the hard site content. Also, when compared with
the BTO-NFO 70-30 sample, sharper and new defined peaks
are observed in the BTO-NFO 80-20 composite. This means
that new peaks are found with high concentrations of the hard
site materials. The lattice parameter and cell volume are
calculated and tabulated as shown in Table 1.
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Figure 3. The XRD patternsfor BTO-NFO 80-20 and 70-30 respectively.

Further to find the average crystallite size of the prepared nanocomposite, Scherrer’s equation is used considering the
diffraction peaks of Higher intensities for BTO and Highest peak (311) for NFO.

Table 1: Comparison of standard and calculated lattice parameter and cell volumefor BTO-NFO 80-20 and BTO-

NFO 70-30.
a b c o B v Cell Val.
Standard Value (BTO) 7471 14.08 14.344 89.94 79.43 84.45 1476.20
Standard Value (NFO) 8.335 - - 90 90 90 579.11
Calculated Value BTO-NFO 80-20
BTO 7.75904 12.27372 12.84260 90.03665 74.02673 86.02760 1172.73
NFO 8.305567 - - 90 90 90 573.0
Calculated Value BTO-NFO 70-30
BTO 7.88895 12.49493 12.83136 90.92310 74.44412 88.92589 1217.97
NFO 8.330284 90 90 90 578.10

Table 2: Average crystalline size of BTO-NFO nanocomposite calculated using Scherrer’s equation.

Range of Particles (nm
Peaks Taken 9 (hm) Average size (nm)
From To
BTO-NFO -
80-20 Diffraction peaks of 19.24 30.77 25.44
70-30 Higher intensties 22.88 32,08 26.99

By substituting K=0.9 in the equation, D= k*A\/ (B*Cos0), the
resultant values are tabulated in table 2 where a smaller
crystalline size of 19nm and 22 nm are observed in BTO-
NFO 80-20 and BTO-NFO 70-30 nanocomposites
respectively. In comparison, it is seen that the average
crystallite size for BTO - NFO increases with theincrease in
soft site concentration in both cases of 80-20 and 70-30
samples. The structural refinement studies using XRD data
showed 43 % of hard phase (anorthic structure) and 57% of
soft phase (Cubic Structure) for BTO-NFO 80:20 and
similarly 76% of hard phase and 24% of soft phase in the
BTO-NFO 70:30 composite respectively.

IV. MORPHOLOGICAL ANALYSIS:

The SEM micrograph along with histograms of particle size
distribution for both the samples are shown in figure 4 and 5.
From the SEM image very dense microstructures were
observed with average particle size less than 10nm. It is
interesting to notice that the grain size is uniformly
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distributed throughout the sample. It is to be noted that the
grain size obtained from SEM is smaller when compared to
the crystalline size of the sample caculated from XRD
analysis. The typical SEM micrograph and particle size
distribution with histogram of BTO-NFO samples are shown
in figures below. Dense microstructure has been observed
from the SEM micrograph. It isvery interesting that the grain
sizesare uniformly distributed throughout the sample. All the
samples have similar particle distribution (As shown below).
The grain sizes obtained from SEM are smaller than the
crystallite size calculated from the XRD analysis. It divulges
the multiple crystallites or agglomerationsin asingle particle
and form grains, which are separated by crystallographic
grain boundaries inside the grains. A much Dissimilarities
between crystallite size (from XRD analysis) and grain size
(from SEM analysis) has been
reported by another set of
researchers[1], [2].
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Figure 4. Typical SEM micrograph and particle size distribution with histogram of BTO-NFO 80-20 and of BTO-
NFO 70-30 nanocomposite.
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Figure 6. EDAX analysisfor BTO-NFO revealsthe presence of elementsalong with weight %.

Itis stated that these are sometypical characteristics of oxide-based materials which are the limitations of the XRD technique.
The EDAX analysis was performed on the surface of the samples to determine its chemical compositions. The EDX spectrum
(Figure 6) reveds the presence of Barium, Titanium, Nickel, Iron and Oxygen el ementsin BaTiOs-NiFexO4 in 80-20 and 70-

30 samples respectively.

The quantitative data extracted from the EDX spectraare enlisted in table 3 and it confirmed that no element/s (impurity) is/are
present in the composite sample other than Ba, Ti, Ni, Fe and O.

Table 3: Quantitative data extracted from the EDX spectra of BTO-NFO Nanocomposite.

80-20 70-30
Sample Element Apparent Weight % Atomic % Apparent Weight % Atomic %
Concentration Concentration
Ba 7.60 36.03 8.28 9.09 40.19 10.41
Ti 311 14.18 9.35 2.85 12.12 9.00
BTO-NFO Ni 0.93 4.38 2.36 146 6.46 391
Fe 1.39 6.82 3.86 2.06 9.44 6.01
(¢} 8.43 38.59 76.15 7.72 31.78 70.66
Total 100.00 100.00

V. VSM ANALYSIS

The Magnetization field-dependent curve is taken at room temperature (300 K) and it is observed that the composite has a
superparamagnetic behavior within the soft ferromagnet with negligible coercivity and remanence magnetization with the
absence of hysteresis|oop [10,35]. Magnetic coercivity He, retentivity M, and saturation magnetization Msanalyzed from the
hysteresis, are tabulated and further the Mr/Msratio is calculated. From the tableit is observed that on increasing the soft side

content, coercivity, retentivity and saturation magnetization increases.
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Table4. My, Ms, Hc and M/Msratio values for BTO-NFO 80-20 and 70-30 nanocomposites.

Sample M, (emu/qg) Ms (emu/g) H. (kOe) M:/Ms
BTO-NFO 80-20 1.6628 7.35433 0.17631 0.22609845
BTO-NFO 70-30 2.39392307 10.71538 0.17730 0.22341000

The maximum retentivity 2.39 emu/g and saturation
magnetization, 10.71 emu/g is obtained for BTO-NFO 70-30
nanocomposites. The coercivity of both samples are almost
negligible which states that there exists a superparamagnetic
state within the ferromagnetic sample.

The obtained Ms is applicable for various biological
applications like drug delivery, hyperthermia, MRI, etc. The
ratio Mr/Msisknown as the squareness ratio and it measures
how sguare the hysteresis loop is. i.e. it is the characteristic
parameter of the magnetic materialsand providesinformation
by which the direction of magnetization orients to the nearest
easy axis magnetization direction after the magnetic field is
switched off. The squarenessratio for the prepared sampleis
much less than 0.5, which states that multidomain grains or
single domains are formed and the particle interaction is by
magneto-static interaction confirming its superparamagnetic
nature. It isimportant to note that such magnetic behavior is
observed at just 0.1 % concentrations on both hard and soft
sites of the nanocomposite.

VI.CONCLUSION:

A novel low temperature cost effective simple technique was
employed to successfully synthesize pure Barium Titanate -
Nickel ferrite nanocomposites. Since both preparation
methods have control over their particle size, smaller particles
of 10 nm can be synthesized for various nano applications.
Themain aim of thiswork isto analyze the magnetic moment,
Spectroscopic and Optical bandwidth of the nanocomposites
for novel magnetic and optical applications. Based on the
results, the composites have better Structural, morphol ogical
and optical properties compared to other oxide-based
nanocomposites. It is important to note that such magnetic
and optical behavior is observed at just 0.1 % concentrations
on both hard and soft sites of the nanocomposite.
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The obtained low Ms values and Mr/Ms rétio are applicable
for various biological applications like drug delivery,
hyperthermia, MRI, etc.
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