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Synthesis of Nano-Magnesium Ferrite Spinel

Abstract— Magnesium ferrite spinel has unique physical and rapid solidification, Electro-deposition,
chemical properties.
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wet chemical

They find applications in catalysis,  methods like co-precipitation, hydrothermal, sonochemical
medicine, magnetic recording yeactions, sol-gel method, combustion, micro-emulsion, and
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devices etc. The Nanoparticles synthesized were characterized
by X-ray diffraction (XRD), Scanning Electron Microscopy
(SEM) and Thermo Gravimetric-Differential Thermal Analyzer
(TGA-DTA). Studies showed that, spherical nano-crystalline
magnesium ferrite with cubic structure was synthesized by co-
precipitation method. SEM images showed that particles size
range was from 86 to 161nm. The nanoparticles were prepared
from hydrated iron sulphate and hydrated magnesium sulphate
as precursors at room temperature.

Keywords— co-precipitation; magnesium ferrite;
nanoparticles; nano-crystallin.

l. INTRODUCTION

The materials classified as ferrite spinel are very important
because they have wide technological applications due to
their interesting magnetic, electrical and chemical properties
as well as thermal stability. The general formula for ferrite
spinel is (M, Fe,)[M4Fe,—Xx]O,4. The metal element M stands
for divalent element which can be Mg, Zn, Mn, Fe, Co, Ni, or
mixture of them [1, 2]. In the case were M is Mg we will
have a Magnesium ferrite. The x in general formula stands
for degree of inversion and the two extremes are normal
where (x=0) and inverse were (x=1), there are also
intermediate mixed states [1]. The normal spinel magnesium
ferrite (MgFe,0,) is one of the important ferrites, it is realised
when (x=0), it has a cubic structure and it is soft magnetic n-
type semiconducting material [3, 5]. The magnesium ferrite
spinel find use in microwave devices, magnetic recording
media, transformer cores, noise filters, rod antennas and in
addition, they are very important in heterogeneous catalysis,
adsorption, sensors and cancer treatment [1-5,11]. The
following variables: thermal treatment, type of precursors,
molar ratio and synthesis route affect cation distribution in
the lattice of magnesium ferrite hence great care should be
taken during synthesis. The cation distribution affects the
properties of magnesium ferrite and its areas of applications

[4].

The synthesis of nanoparticles as compared to their bulk
counter parts have attracted wide attention in research, due to
the unique properties that are exhibited by nanomaterials
because of their limited size. There are a number of synthesis
routes that are aimed at producing magnesium ferrite spinel
with specific properties. The methods are gas condensation,
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high energy ball milling [1-7]. The co-precipitation process is
pH sensitive but it’s simple and cost effective, sol-gel
technique is sophisticated and requires expensive alkoxide
precursors, combustion method has low processing time and
low operating temperature, micro-emulsion has easy control
of particle size and overall homogeneity. Furthermore, wet-
chemical routes require high temperature to obtain the final
product [4, 5].

The synthesis route plays an important role on the
physical, chemical, structural and magnetic properties of
spinel ferrite [5]. In the present work co-precipitation at room
temperature was employed to produce magnesium ferrite
spinel (MgFe,O,4) because it is simple and cost effective. The
resulting properties, size, structure and morphology, of the
synthesised magnesium ferrite spinel were characterized
using X-ray diffraction (XRD), Scanning Electron
Microscopy (SEM) and Thermal Gravimetric-Differential
Thermal Analyzer (TGA-DTA).

1. EXPERIMENTAL SECTION

A. Materials

All reagents were of analytical grade and they were used
without further purification: Iron sulphate (FeSO4.7H20);
Magnesium sulphate
MgS04.7H20); distilled water; Sodium Hydroxide (NaOH).

B. Synthesis of Magnesium ferrite spinel

Magnesium ferrite spinel was synthesized by co-
precipitation method at room temperature. 0.1M each of
FeSO,.7H,0 and MgS0,.7H,0 was prepared and mixed. The
mixed solution was stirred for 30 minutes using magnetic
stirrer at 450 rpm. A burette was used to deliver NaOH to the
mixed solution drop wise while stirring. Precipitant was
added until a pH of 9.5 was achieved then stirring was
continued for another 1hr. The supernatant liquid was left in
contact with precipitate overnight for aging. The precipitant
was then filtered and washed with distilled water 3 times.
Drying of the filtrate was done at 80°C for 2hrs. The
precipitate was then calcined at 300°C for 3hrs.

(Thiswork is licensed under a Creative Commons Attribution 4.0 International License.)
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C. Characterisation

The XRD diffraction (Shimudza, 700N), were recorded
using Cu-Ké (1.5406A) monochromatic radiation source,
operating voltage and current maintained at 40kV and 30mA
respectively in the 20 range 10-800. Thermo-gravimetric
analysis and differential thermal analysis (TGA-DTASII
EXSTAR 6300R, Japan) was performed using nitrogen at a
heating rate of 10°Cmin™. Scanning electron microscopy
(SEM) analysis (HITACHI S-3700N) was used to study
morphology of the particles.

I1l. RESULTS AND DISCUSSION
A. X-Ray Analysis Magnesium ferrite spinel

The XRD for magnesium ferrite is shown in figure 1. The
crystalline size (D) of the synthesized nanoparticles was
measured using Scherer’s equation

D=0.97/BcosO @)

Where, A is the x-ray wavelength, B is equal to full width
half maximum (FWHM), and 0 is Bragg angle. The average
crystalline size after considering all the major peaks is
25.6nm. An analysis of the XRD revealed that synthesized
material is composed of diffraction peaks that agree with the
international standard diffraction data card, JCPDS (89-4924)
and provides evidence for formation of MgFe,O,. The most
intense reflections observed at 26 values are at 30.38, 35.70,
43.39, 53.92, 57.40, 63.10, and 74.6 degrees are assigned to
(220), (311), (400), (422), (511),(440), and (533) planes of
cubic spinel structure. The findings above indicate that
synthesized material is crystalline and lattice parameter for
each peak is shown in Table 1. The values of lattice parameter
are almost equal an indication that the material is indeed
cubic. The lattice parameter values agree with those obtained
by Maensiri et al. [2]
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Figurel: X-ray diffraction for magnesium ferrite spinel
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Table 1: Planner distances and lattice

parameter
d (Planner
distances) a (lattice
Miller indices | 2(©) A parameter) (A)

220 30.38 2.9381 8.3102
311 35.70 2.5115 8.3299
400 43.39 2.0825 8.3299
422 53.92 1.6980 8.3185
511 57.40 1.6031 8.3302
440 63.10 14713 8.3231
533 74.60 1.2705 8.3313

B. SEM studies Magnesium ferrite spinel

The SEM photomicrograph contains information about
the synthesized materials surface topology and size [10]. The
morphology of Magnesium ferrite spinel (MgFe,0,) particles
was studied using SEM under high vacuum and suspended in
ethanol the image is shown in figure 2. The image shows that
the synthesized particles are spherical and they agglomerates.
The particle size from SEM varies from 86 to 161nm this is
much bigger than crystallite size obtained from XRD using
Scherer’s equation (1).

C. TGA-DTA Analysis Magnesium ferrite spinel

Thermo-gravimetric study for magnesium ferrite spinel is
shown in figure 3. The thermal study was done from room
temperature to 900°C in nitrogen atmosphere with a heating
rate of 10°C/min. The study of weight loss with temperature
increase is important in determining absorption of water,
sample purity, carbonate content, removal of organic impurity,
change of structure and the decomposition reactions [5]. The
graph in figure 3 shows a total weight loss of 16.52%. The
weight loss can be divided into two categories the first which
has a weight loss of 15% is from room temperature to 600°C
shows more or less a gradual weight loss pattern in that range.
The weight loss can be attributed to dehydroxylation or
chemisorbed water.

Figure 2: SEM images for magnesium ferrite spinel

The second category only shows a slight weight loss of
1.52% which could mean that in the range 600°C. The second
category only shows a slight weight loss of 1.52% which
could mean that in the range 600°C to 900°C there could be a
structure change and formation of pure spinel magnesium
ferrite. The percentage weight loss for the synthesized
nanomaterial could indicate the amount of hydroxyl groups
present since the TGA is for calcined material hence it can be
assumed that all the physically absorbed water had been
driven off. The low percentage of the weight loss for the
temperature range agrees with above statement. The amount

(Thiswork is licensed under a Creative Commons Attribution 4.0 International License.)
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of hydroxyl groups lost can indicate the ability of a material to
have high fluoride adsorption capacity because hydroxyl sites
are active sites for fluoride adsorption [8, 9].
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Figure 3: TGA and DTA curves for MgFe,0,
IV. CONCLUSION

Magnesium ferrite spinel (MgFe,O,4) particles with a
spherical shape and a crystalline size of 25.6 nm were
successfully synthesized wusing co-precipitation method.
Studies from TGA-DTA shows that the produced ferrite still
had some hydroxyl in the structure this is supported by weight
loss of 16.52%. The XRD shows that the produced spinel is
not entirely pure MgFe,O, as it shows the existence of
amorphous phase in the synthesized nanoparticles. There is
need to increase calcination temperature or calcination time in
order to have completely pure crystalline magnesium ferrite
spinel. There is high probability that the synthesized magnetic
magnesium ferrite spinel can be applied in different areas like
catalysis, Catalyst support, sensing equipment, adsorption
processes and biomedical application (cancer).
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