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Manganese ferrite nano-particles are synthesised by combustion route by using a mixture of glycine
and ammonium nitrate as fuels with corresponding metal nitrates. The nano-sized Mn ferrite
characterized by X-ray diffraction (XRD), Scanning electron micrographs (SEM) and Energy
dispersive X-ray (EDX) techniques. When the mixture of glycine and ammonium nitrate is used,
moderate crystalline MnFe,Q, is obtained as a single phase with irregular shape. Both the saturation
magnetization (80 emu/g) and the remnant magnetization (50 emu/g) were found to be highly
depending upon the size and crystallinity of the investigated ferrite. Our results indicate that this
method might provide a promising option for synthesizing high-quality nano-sized MnFe,O4 which
has the same saturation magnetization value of bulk Mn ferrite.
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1. INTRODUCTION

In recent years, various technological applications are based on nano- ferrite materials due to
unique magnetic and electrical properties. It is well known that the physical and chemical properties of
the nano-sized magnetic materials are quite different from that of the bulk ones due to their surface
effect (large surface-to-volume ratio) and quantum confinement effects (size- dependent properties).
Manganese ferrite (MnFe,O4) nano-particles are very important due to their magnetic applications,
such as recording media devices, drug delivery, ferrofluid, biosensors and catalysis [1-5].

It is well known that MnFe,O, material has inverse spinel structure because 80% of Mn ions
occupy tetrahedral site (A-site), which is surrounded by four O® ions, and the left 20% of Mn ions
occupy octahedral site (B-site), which is surrounded by six O ions [6,7]. However, manganese ferrite
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belongs to the space group Fd3m. Many preparation technologies of manganese ferrites such as sol-
gel, auto-combustion, thermal decomposition, hydrothermal, ball milling, reverse micelle synthesis,
solid-phase reaction, thermally activated solid state reaction and pulsed laser deposition have been
developed to prepare the single-domain MnFe,O,4 nanoparticles [5- 18].

The solid state reaction between iron and manganese oxides was occurred at temperature
starting from 900 °C to produce Mn ferrite. The extent of this reaction was increased by increasing the
heating temperature in the range of 900-1100 °C [18]. In fact, the minute amounts of Mn,O3 and Fe,O3
were detected in the final product. It was reported that at elevated temperatures, MnFe,Q, is unstable
in air and Mn?* ions on the surface oxidize to form Mn** ions resulting in the dissociation of the
formed MnFe,O,4 [19]. So that any preparation method involves calcination step is not suitable for the
preparation of manganese ferrite nano-particles. In addition, single-domain manganese ferrite nano-
particles have been synthesized with narrow particle size distribution and regular shape via the
combustion technique by using glycine [5]. Authors reported that the maximum magnetization and
coercivity values of the Mn ferrite were found to be 68.58 emu/g and 62.57 Oe, respectively.

Till now, the detailed study on the structural, morphological and magnetic properties for the
MnFe,O,4 nano-particles synthesized by combustion route using a mixture of glycine and ammonium
nitrate has not yet been reported. The present work reports the structural, morphemically and magnetic,
properties of manganese ferrite system prepared by new combustion route. The techniques employed
were XRD, SEM, EDX and VSM.

2. EXPERIMENTAL

2.1. Materials

Mn/Fe mixed oxide sample was prepared by mixing calculated proportions of manganese and
iron nitrates with a mixture of glycine and ammonium nitrate. The mixed precursors were concentrated
in a porcelain crucible on a hot plate at 350 °C for 10 minutes. The crystal water was gradually
vaporized during heating and when a crucible temperature was reached, a great deal of foams
produced and spark appeared at one corner which spread through the mass, yielding a brown
voluminous and fluffy product in the container. In our experiment, the ratio of the H4NNOs:
HoNCH,COOH: Mn(NO3),.4H,0 : Fe(NO3)3.9H,0 were 1: 4 : 1 : 2, respectively. The chemicals
employed in the present work were of analytical grade supplied by Prolabo Company.

2.2. Techniques

An X-ray measurement of various mixed solids was carried out using a BRUKER D8 advance
diffractometer (Germany). The patterns were run with Cu K, radiation at 40 kV and 40 mA with
scanning speed in 20 of 2 ° min™.

The crystallite size of Mn-ferrite present in the investigated solids was based on X-ray

diffraction line broadening and calculated by using Scherrer equation [20].



Int. J. Electrochem. Sci., Vol. 7, 2012 5536

BA
B pcosé @)

where d is the average crystallite size of the phase under investigation, B is the Scherrer
constant (0.89), A is the wave length of X-ray beam used, B is the full-with half maximum (FWHM) of

diffraction and 6 is the Bragg's angle.
Scanning electron micrographs (SEM) were recorded on SEM-JEOL JAX-840A electron

microanalyzer (Japan). The samples were dispersed in ethanol and then treated ultrasonically in order

disperse individual particles over a gold grids.
Energy dispersive X-ray (EDX) analysis was carried out on Hitachi S-800 electron microscope

with an attached kevex Delta system. The parameters were as follows: accelerating voltage 10, 15 and
20 kV, accumulation time 100s, window width 8 um. The surface molar composition was determined

by the Asa method, Zaf-correction, Gaussian approximation.
The magnetic properties of the investigated solids were measured at room temperature using a

vibrating sample magnetometer (VSM; 9600-1 LDJ, USA) in a maximum applied field of 15 kOe.
From the obtained hysteresis loops, the saturation magnetization (Ms), remanence magnetization (M)

and coercivity (Hc) were determined.

3. RESULTS

3.1. XRD investigation

The XRD pattern of the as synthesized solid is shown in Fig.1.
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Figure 1. XRD pattern for cubic spinel MnFe,O4 nano-particles.
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Figure 2. SEM images for MnFe,O4 nano-particles with d

-

ifferent magnifications.
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This figure revealed that the as prepared sample consisted entirely of well nano-crystalline
MnFe,O,4 solid. Indeed, the XRD pattern contains eight sharp lines coincide with the standard data of
the cubic spinel Mn ferrite (Jacobsite) phase (JCPDS card No. 75-0034). The peaks obtained indexed
to the crystal plane of spinel Mn ferrite (220), (311), (222), (400), (422), (511), (440) and (531)
respectively. In fact, the XRD pattern does not contain extra peaks for any impurities indicating to
formation of Mn ferrite as a single phase. As compared with my previous work, the crystallinity of the
manganese ferrite in this work is less than that in the previous work which carried out the glycine as
fuel. This indicates the role of ammonium nitrate when it mixed with glycine during the preparation
process. Indeed, the crystallite size of the as prepared manganese ferrite was 30 nm.

An X-ray data enable us to calculate the different structural parameters such as the lattice
constant (a), unit cell volume (V), X-ray density (Dy), the distance between the magnetic ions (La and
Lg), ionic radii (ra, rg) and bond lengths (A—O and B—O) on tetrahedral (A) sites and octahedral (B)
sites of cubic spinel structure for the produced magnesium ferrite crystallites. The estimated values of
a, La, Lg, ra, s, A-O and B-O of Mn ferrite are 0.8461, 0.3683, 0.3007, 0.0566, 0.0734, 0.19156 and
0.2084 nm, respectively. Whereas, the value of V is 0.6057 nm® while the value of Dy is 5.0583 g/cm®.

3.2. SEM measurement

SEM micrographs of as-prepared powders with different magnifications are shown in Fig. 2a-d.

This figure displays the formation of spongy and fragile solid. In addition, the micrographs
reveal fracture surfaces of the aggregated powders. In other words, the as synthesized sample consisted
of multigrain agglomerations with small discrete crystallites. However, the voids and pores present in
the samples are attributed to the release of large amount gases during combustion process. By
comparing with my previous work, it is found that the manganese ferrite prepared by using a mixture
of glycine and ammonium nitrate displays week agglomeration.

3.3. EDX analysis
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Figure 3. EDX pattern of MnFe,O4 nano-particles with different voltages.
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Energy dispersive X-ray (EDX) analysis of the as prepared specimen was carried out at
different voltages and various areas on the surface of solid. Figs. 3 and 4 display EDX analysis with
different voltages and various areas, respectively.

It is well known that EDX technique supplies the effective atomic concentration of different
constituents on top surface layers of the solid investigated. The relative atomic abundance of Mn, Fe
and oxygen species present in the uppermost surface and bulk layers of the investigated solid are given
in Tables 1 and 2. These tables revealed that the surface concentrations of Mn and Fe species at 10, 15
and 20 keV are very close to those in the bulk of the as synthesized solid. This observation may be
reported to the increase in the mobility of Mn and Fe species with subsequent an increase in the
formation of Mn ferrite. In addition, the surface concentrations of Mn, Fe and oxygen species at 20
keV on different areas over the surface of specimen studied are much closed to each other. This
finding shows the homogeneity of the as prepared solid.
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Figure 4. EDX pattern of MnFe,O4 nano-particles with different areas.

Table 1. The atomic abundance (calculated and found) of elements measured at different voltages over
the same area for the as prepared solids.

Elements

Atomic abundance (%)

Calculated Found (Surface)

(Bulk) 10 15 20
keV keV keV

27.75 22.36 22.37 22.36

23.82 24.20 27.41 26.01

48.43 53.44 50.12 51.63
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Table 2. The atomic abundance (found) of elements measured at 20 keV and different areas over the
as prepared solids.

Elements

0] 22.36 22.36 22.36 22.36
Mn 25.75 24.81 25.34 25.05
Fe 51.89 52.83 52.30 52.59

3.4. Magnetic properties

The magnetic properties of the as-prepared powders were characterized by measuring the
magnetic hysteresis loop at room temperature. The saturation magnetization (Ms) obtained at room
temperature was found to be 80 emu/g and remanent magnetization (M;) was 50 emu/g for the sample
studied. The corresponding squareness ratio (M,/Ms) was found to be 0.625. It was found that the as-
prepared Mn ferrite particles exhibited a saturation magnetization greater than that of MnFe;0.,
prepared by glycine as fuel [5]. In addition the coercivity of the investigated sample was found to 85
Oe. The value of saturation magnetization is very close to the value reported for the bulk MnFe,O, (80
emu/g) [21, 22].

4. DISCUSSION

Mn ferrite material can be prepared via solid state reaction between Mn,0O3 and Fe,O3 [18]. The
propagation of this reaction is controlled by thermal diffusion of Mn and Fe cations through the ferrite
film which covers the surfaces of grains of reacting oxides and acts as energy barrier. The precursor
compounds, preparation method and preparation conditions have different effects on solid state
reaction between ferric and manganese oxides to produce Mn ferrite. In this study, the combustion
route was used for preparation of manganese ferrite. Indeed, the nature of fuel used in this method
affect the different properties of the as prepared ferrite. Such properties were particle size, crystallinity,
cation distribution, microstructure, homogeneity and magnetic moment...etc. In fact, fuelling of the
combustion process achieved by ammonium nitrate produces from combination of nitrate and
ammonium ions liberated from decomposition of the reactants [23]. So, addition of ammonium nitrate
to the used fuel promotes the combustion process and also reduces the possibility of local partial
sintering among the primary particles via dissipation the heat of combustion reaction through the
whole mass investigated [24,25].

In addition, the released heat and gases during the combustion process helps in crystallization
and formation of MnFe,O,4 phase with less agglomeration. In other words, the use of ammonium
nitrate is promising route for formation of moderate crystalline manganese ferrite nano- particles due
to distribution the energy inside the whole reacting particles reducing the aggregation process as
shown in SEM micrographs. In addition, XRD measurement showed that Mn ferrite prepared by a
mixture of glycine and ammonium nitrate has crystallinity less than that prepared by glycine only [5]
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MnFe,0, particles are formed by the counter-diffusion of Mn** and Fe** through a relatively
rigid oxide lattice [5]. During the combustion process, MnO can be prepared by the reduction of any
higher oxide [26, 27]. In other words, MnO is prepared by reduction of Mn,O3 producing Mn ferrite
via the reaction with Fe,O3 particles. However, Alper [28] reported that the diffusing ions might be
Fe?* including Fe** on the basis of detecting Fe?* in the interface. In addition, following reactions
indicate that Fe,O3; decomposes to 2Fe?* and oxygen gas at Fe,Os—spinel interface [29]. Moreover,
oxygen moves through the reacted area to be added to the spinel-MgO interface and form spinel by
reacting with Fe?* and MnO:

At Fe,Oz-spinel interface:
3Fe,03 +2Mn**  —  2MnFe,0,4 +2Fe?* +0.50,  (2)
At MnO-spinel interface:
2Fe?* +3MnO + 0.50, — MnFe,0, +2Mn?* (3)

The appearance of any Fe** ions in MnO by diffusion would contribute to the chemically
created vacancies depending upon the ionic radii of ferric and magnesium speices are 0.080 and 0.065
nm, respectively [30]. In other words, 3Mn?* could be replaced by 2Fe®*" and a vacancy because of
electro-neutrality restrictions. Ferric cations which appear in tetrahedral sites with the introduction of
trivalent cations into MnO can be considered as an embryonic element or nucleus for formation of
inverse spinel in order to satisfy energy stabilization in the structure [31] .On the other hand, Fe**
cations have a tendency to be located in tetrahedral sites with making a strong bond with O? ions in
terms of electro-negativity differences and reach the lowest state of energy. Mazen and Sabrah
reported that the cubic spinel Mn ferrite contains 80% manganese ions (Mn®*) in the tetrahedral (A)
sites whereas 20% Mn** occupy the octahedral (B) sites [32]. These authors claimed that the trivalent
manganese ions are connected by the presence of ferrous ions in the octahedral sites: Mn** + Fe3* =
Mn®" + Fe?*. So, the cation distribution for Mn ferrites can be represented by [Mnos®* Feg2>']a
[Mno2®" Fego?” Feig']gOs [6, 33]. Using neutron diffraction, Mishra et al. [34] measured the
distribution of manganese among tetrahedral and octahedral in the ferrite. These investigators showed
that 30% of the octahedral sites are occupied by trivalent manganese ions. Another neutron diffraction
experiment performed on the cubic spinel structure of MnFe,O, nano-particles showed the existence of
Mn®* and Fe®" ions in both the sub-lattices of A and B [35]. So, manganese ferrite is a kind of cubic
spinel ferrite material with a partial inverse spinel structure.

In this study, manganese ferrite exhibits super-paramagnetic behavior. This can be attributed to
spin canting and surface spin disorder that occurred in these nano-particles [36, 37]. Indeed, the
manganese ferrite prepared by a mixture of glycine and ammonium nitrate has saturation
magnetization (80 emu/g) greater than that for Mn ferrite synthesized by glycine only (68.58 emu/g)
depending upon redistribution of the reacting cations on A and B sites involved in the spinel Mn ferrite
by using a mixture of glycine and ammonium nitrate as fuel [5].. In other words, the higher saturation
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magnetization of Mn ferrite prepared in this investigation could be attributed migration of some Fe®"
ions from B site to A site via conversion of some Fe** ions to Fe** ions with subsequent increase in
the Fea>*—Feg®" super-exchange interactions [38]. This conversion brought about an increase in the
saturation magnetization and a decrease in the crystallinity of manganese ferrite prepared by a mixture
of glycine and ammonium nitrate comparing with that prepared by glycine only due to the contraction
in the lattice which denpends upon the difference in the ionic radii of both ferric and ferrous ions [5].
Indeed, inter-sublattice super-exchange interactions of the cations on the (A—B) are much stronger than
the (A—A) and (B-B) intra-sublattice exchange interactions [39, 40]. However, it has been reported
that the spin disorder may occur on the surface of the nano-particles as well as within the cores of the
nano-particles due to vacant sub-lattice disorder sites (Fea>*) and poor crystal structure [41].

5. CONCLUSIONS

Preparation of Mn ferrite via the combustion route using a mixture of glycine and ammonium
nitrate as fuel brought about formation of moderate crystalline cubic spinel solid, homogeneously
distributed nano- particles with a low grain size. Particle distribution, particle size, homogeneity of
solid and cation distribution can be controlled by simply adjusting the ratio of glycine and ammonium
nitrate. Manganese ferrite synthesized by the investigated fuel exhibits better magnetic properties
depending upon the molar ratio, nature and type of fuel. Higher saturation magnetization (80 emu/g)
and coercivity value (50 Oe) are obtained by using a mixture of glycine and ammonium nitrate as fuel.
So, the magnetic Mn ferrite materials prepared by the combustion method involved a mixture of
glycine and ammonium nitrate as fuel resulted in saturation magnetization greater than those prepared
by using glycine only.
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