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Manganese oxides have an extreme importance in many industrial and environmental fields; so the scientists
have sought to prepare these oxides in simple, cheap and environmentally friendly ways. From the viewpoint
of economy efficiency and environmental demand, this article is aiming to prepare the most important oxide of
manganese (hausmannite) in nanoscale by using combustion method via egg white. Scanning electron micrographs,
energy dispersive X-ray and X-ray diffraction measurements display the structural and morphological properties
of Mn oxide nanoparticles. The as-prepared systems are spongy, homogeneous and fragile. However, the vibrating
sample magnetometry study shows that the as-prepared manganese oxides are found to be paramagnetic at room
temperature.
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1. Introduction

Manganese oxides are important materials in vari-
ous applications such as air pollution control, corrosion-
inhibiting pigment, high-density magnetic storage me-
dia, catalysts, ion exchange, molecular adsorption, elec-
trochemical materials, batteries, varistors, solar energy
transformation, electronics, and information technol-
ogy [1–4]. Based on the extreme importance of man-
ganese oxides in many industrial and environmental
fields, scientists have sought to prepare these oxides in
simple, cheap and environmentally friendly ways. In fact,
there are many different ways to prepare manganese ox-
ides through physical and chemical methods [5, 6]. Un-
fortunately, these methods have many drawbacks that
cannot be prevented or avoided which are represented in
the presence of toxic organic solvents, production of haz-
ardous by-products, and intermediary compounds and
high energy consumption [7]. One revolutionary field of
the modern era is nanotechnology whose main aim is to
reach the best products with the least effort and at lowest
costs while preserving the environment. Hence the full
integration between nanotechnology and the green chem-
istry approach is very important due to the previous rea-
sons. Green synthesis routes for materials are interesting
due to various advantages of this synthesis such as low
energy consumption, shot time for synthesis, reaction in
nonequilibrium phase, high quality, simple facility, and
high productivity. Thus, green preparation methods are
good synthesis methods at low temperature due to re-
dox reaction of nitrate salts (as oxidants) and organic
compounds like egg white (as reductant, fuel), by which
nanopowder can be synthesized easily.
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Hausmannite is a complex oxide of manganese contain-
ing both di- and trivalent manganese. The formula can
be represented as Mn2+Mn3+2 O4. It belongs to the spinel
group and forms tetragonal crystals. The wide range of
technological applications of Mn3O4 depends on its ad-
vantages as reported in [8–17]: (i) it is one of the most
stable oxides of manganese. (ii) It is active catalyst for
various catalytic reactions such as the decomposition of
NOx, drinking water treatment process and the oxidation
of both C6H6 and CO2. (iii) It can be used as an anode
for lithium ion batteries. (iv) It is one of the most promis-
ing electrode materials for commercial super-capacitors.
(v) The separate application of hausmannite nanoparticle
is reported for dye remediation by adsorption or photo-
catalytic degradation. Hausmannite nanoparticles have
been synthesized by various methods [12–23]. Overall,
the synthesis mechanism of Mn3O4 can be divided into
two main categories. The first category is the oxida-
tive pyrolysis of manganese salts, such as the calcination
method. The second category is the method for the oxi-
dation of intermediate manganese hydroxide, Mn(OH)2,
such as the solvothermal method.

The Deraz research group reported to formation and
characterization of various spinels based on manganese
via different preparation routes [24–26]. This group
found that the combustion technique is capable of pro-
ducing nanocrystalline materials, at a lower calcination
temperature in a surprisingly short time. This quick,
straightforward process can be used to synthesize homo-
geneous, high-purity, crystalline oxide ceramic powders
including ultrafine hausmannite and its derivatives with
a broad range of particle sizes.

This study is focused the formation and characteriza-
tion of hausmannite nanoparticles by using combustion
method depending upon egg white as new method for
green synthesis of Mn3O4 NPs.
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2. Experimental

2.1. Rapid synthesis of hausmannite nanoparticles

One sample containing Mn oxide nanoparticles
(Mn3O4 NPs) was prepared by mixing calculated amount
egg white (2.5 ml) and manganese nitrate tetra hydrate
(2.51 g) with vigorous stirring without pH adjustment.
Then, the mixture was vigorously stirred at about 80 ◦C
until a dried precursor was obtained. The mixed pre-
cursors were concentrated in a porcelain crucible on a
hot plate at 400 ◦C for quarter hour. The crystal wa-
ter 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 voluminous and fluffy prod-
uct in the container. Manganese nitrate employed in the
present work was of analytical grade supplied by Prolabo
Company. A general flowchart of the synthesis process is
shown in Fig. 1.

Fig. 1. Process flowchart for fabricating Mn3O4 NPs.

2.2. Characterization technique

An X-ray measurement of various mixed solids was
carried out using a BRUKER D8 advance diffractome-
ter (Germany). The patterns were run with Cu Kα

radiation at 40 kV and 40 mA with scanning speed
in 2θ of 2◦ min−1.

The crystallite size of Mn3O4 NPs present in the inves-
tigated solid was calculated by using the Scherrer equa-
tion based on X-ray diffraction line broadening [27]:

d =
Bλ

β cos θ
, (1)

where d is the average crystallite size of the phase under
investigation, B is the Scherrer constant (0.89), λ is the
wave length of X-ray beam used, β is the full-width half
maximum (FWHM) of diffraction, and θ is the Bragg
angle.

Scanning electron micrographs (SEM) was recorded on
JEOL JAX-840A electron microanalyzer. The sample
was dispersed in ethanol and then treated ultrasonically
in order to disperse individual particles over gold grids.

Energy dispersive X-ray analysis (EDX) was carried
out on Hitachi S-800 electron microscope with an at-
tached kevex Delta system. The parameters were as

follows: accelerating voltage 15 kV, accumulation time
100 s, window width 8 µm. The surface molar composi-
tion was determined by the Asa method, Zaf-correction,
Gaussian approximation.

The magnetic properties of the investigated solid were
measured at room temperature using a vibrating sam-
ple magnetometer (VSM; 9600-1 LDJ, USA) in a max-
imum applied field of 15 kOe. From the obtained hys-
teresis loops, the saturation magnetization (Ms), rema-
nence magnetization (Mr), and coercivity (Hc) were de-
termined.

3. Results and discussion

3.1. Structural characteristics

Figure 2 shows the pattern of XRD for the as-prepared
sample. The planes corresponding to (1 0 1), (1 1 2), (1
0 3), (2 1 1), (0 0 4), (2 2 0), (1 0 5), (3 1 2), (3 0
3), (3 2 1), (2 2 4), ( 4 0 0), and (3 0 5) are in good
agreement with the standard values of tetragonal haus-
mannite Mn3O4 structure (JCPDS NO. 24-0734) [28].
No additional peaks of other phases have been detected,
indicating high purity and moderate crystallinity of the
Mn3O4 product.

Fig. 2. XRD pattern for the investigated sample.

TABLE I

Some structural properties of the as prepared solid

Sample d [nm] a [nm] b [nm] c [nm] V [nm3]
Mn3O4 50 0.5777 0.5777 0.9552 3.1558

Mn3O4 is well-known to have the normal spinel struc-
ture in which the Mn2+ ions occupy the tetrahedral sites
while the Mn3+ ions occupy the octahedral sites. Mn3O4

also has a stable tetrahedral structure in which the oxy-
gen octahedron is tetragonally distorted due to the Jahn–
Teller effect on Mn3+ ions [29]. These results are in
good agreement with preparation of hausmannite by us-
ing glycine as fuel [24]. The calculated values of the crys-
tallite size (d), lattice constant (a) and unit cell volume
(V ) of Mn3O4 phase, depending on the data of X-ray, are
given in Table I.

Egg white-assisted combustion route is a simple one-
step and “green” strategy for the synthesis of Mn3O4.
This route features environmental benignity, high yield,
inexpensive, and high safety. This method brought about
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formation of Mn3O4 via the heat treatment of a mixture
of calculated amounts of both manganese nitrate and egg
white at 400 ◦C for 15 min on hot-plate without any in-
dication for other crystalline by-products such as MnO
or Mn2O3. Similar results were observed with presence
of glycine instead of egg white [24]. However, the re-
cent work for our research group showed that a mixture
of Mn2O3 and MnO2 can be formed by heating of Mn
nitrate on hotplate at 400 ◦C [24].

3.2. Morphological characteristics

Scanning electron micrographs (SEM) can be used for
study the morphology of the as-synthesized sample as
shown in Fig. 3. The exact examination of this fig-
ure shows formation of spongy, homogeneous, and fragile
material with appearance of voids and pores in the as-
prepared solid.

Fig. 3. SEM images for the as-prepared sample.

3.3. EDX measurements

Figure 4 shows EDX measurement of the as-prepared
sample at 20 keV. This measurement displays the effec-
tive atomic concentrations of different constituents in-
volved in the sample studied. This figure shows that
the as-prepared sample consisted entirely of Mn (77.45%)
and O (22.55%) elements. The data of XRD and the
ratios between Mn and O elements ensured that the as-
prepared solid consisted entirely of Mn3O4 phase. How-
ever, EDX technique enables us to study of the homo-
geneity of elements in the as-prepared samples. The con-
centrations of different constituents at different points
over as-synthesized solid are very close to each other in-
dicating the homogeneity of the as-prepared system.

Fig. 4. EDX spectrum for the as-prepared sample.

3.4. Magnetic studies

The magnetic properties of nanoparticles are influ-
enced mainly by the method of preparation, cation dis-
tribution, grain size, sintering temperature and oxygen
parameter and oxygen anion vacancies in lattices [24, 30].
However, the magnetization of spinel materials originates
from the difference in the magnetic moments of the ions
at the octahedral lattice sites and those at the tetrahe-
dral lattice sites. The magnetic study was carried out in
room temperature on the as-prepared sample with maxi-
mum magnetic field at 15 kOe. Figure 5 shows the room
temperature vibrating sample magnetometer (VSM) plot
for the as-prepared sample. Mn3O4 nanoparticles ex-
hibit paramagnetic behavior. The maximum magnetiza-
tion (Ms) and coercivity (Hc) observed for as-synthesized
sample were 0.887 emu/g and 36 Oe, respectively, with
magnetic retentively (Mr) value of 0.00185 emu/g. The
lowest magnetization of the synthesized Mn3O4 may be
due to the spin canting and spin slanting effect of the
nanosized particles. This kind of canted moments of spin
in the surface of the nanosized particles is caused by the
reduction in magnetization. The principle finite size ef-
fect arises due to the presence of more number of dan-
gling bonds at the surface which produce a disordered
shells enfolded core of spins in an aligned manner [31].



150 N.M. Deraz

Fig. 5. Magnetic hysteresis loops for Mn3O4 sample.

4. Conclusion

Mn3O4 nanoparticles were successfully prepared by
using combustion method at 400 ◦C in the presence of
glycine. X-ray structural analyses confirmed that Mn3O4

nanoparticles crystallize in the tetragonal system. In
XRD and SEM results, Mn3O4 nanoparticles exhibit a
crystallite size at 50 nm. EDX spectra proved the pres-
ence of Mn and O and also confirmed the composition
of the sample. SEM micrographs showed spongy, homo-
geneous, and fragile solid. The magnetization and coer-
civity of hausmannite were 0.887 emu/g and 36 Oe, re-
spectively. The observed results confirmed that the pro-
cessing protocol unavoidably influenced the structural,
morphological, and magnetic properties of the nanosized
hausmannite. Moreover, the processing method may be
chosen as an effective tool for attaining successful result
in order to tune the behaviour of the nanomaterials with
respect to the application.
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