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Preparation and Magnetic Properties of MnFe,0,
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MnFe,0,4 octahedra have been prepared by reaction of Mn”" ions and Fe*" in alkaline condition via heat
treatment of the coprecipitation product. The as-prepared powders were characterized in detail by con-
ventional techniques such as powder x-ray diffraction; field emission electron microscopy and transmission
electron microscopy. Vibrating sample magnetometer was used to determine the magnetic properties at
room temperature. The results show that the MnFe,O,4 octahedra were single crystals with cubic jacobsite
structure and a size distribution from 0.8 to 1.0 pm. The octahedra obtained at 1100 and 1200 °C exhibited
a ferromagnetic behavior with the coercive force (H,) value of 49.03 and 39.23 Oe, saturation magnetization
(M) value of 42.93 and 47.98 emu/g and remanent magnetization (M,) value of 2.16 and 2.55 emu/g,
respectively. It is indicated that the heat treatment temperature has a significant effect on the formation of
the jacobsite structure. Furthermore, a possible mechanism was also proposed to account for the growth of

these products.
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1. Introduction

MnFe,0, is one of the most important magnetic materials,
which has a normal spinel structure with tetrahedral A-sites
occupied by Mn*" ions and octahedral B-sites by Fe'* ions,
which can be expressed as (MnéEFeSE A (MnggFeézFeﬁ)BO4
(Ref 1). Nanostructures of MnFe,O,4 have been widely used in
electronic applications, contrast-enhancement agents in mag-
netic resonance imaging (MRI) technology and recording
media because of its unique magnetic, optical, chemical and
electronic properties (Ref 2, 3). The performance of these
devices is mainly due to the ratio of material surface and
volume. Normally, the performance is better as the ratio of
surface and volume become greater. Therefore, nanostructured
MnFe,0O4 has superior performance than the corresponding
blocks and is also the basic module to build nanodevices.

In recent years, different kinds of MnFe,O4 nanostructured
materials have been successfully synthesized, such as nanopar-
ticles (Ref 4-11), nanorods (Ref 12, 13) and nanofibers (Ref
14). A TEA-assisted route was normally used to obtain the
octahedral-like MnFe,O4 crystallites (Ref 15). Here, we report
a simple route without any assistant for the preparation of
MnFe,0, octahedra, which were synthesized by reaction of
Mn?" ions and Fe*" in alkaline condition, and the influence
of heat treatment temperature on magnetism in MnFe,O4 was
investigated. A possible mechanism was also proposed to
account for the growth of these products.
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2. Experimental Procedures

2.1 Materials

The sample was prepared using the following powder
precursors (analytical grade): Fe (NO3);'9H,O and MnSOy
H,O obtained from Tianjing chemical reagent factory and Xi’an
chemical reagent factory, respectively. Furthermore, the double-
distilled water was used for the aqueous phase.

2.2 Syntheses of MnFe,0, Octahedra

In a typical experiment, 164 g of Fe (NOs3);9H,O
(0.04 mol) was dissolved in 30 mL anhydrous ethanol with
continuous stirring about 20 min. Then, 40 mL (0.5 mol/L) of
MnSO, (0.02 mol) was added into the solution. After the
solution was stirred for 10 min, the 55 mL (3 mol/L) of NaOH
solution was added to form coprecipitation product, which were
filtered and washed several times with deionized water and
absolute ethanol. Finally, the precipitates were kept at 900,
1000, 1100 and 1200 °C for 1 h, respectively, and then
naturally cooled in air.

2.3 Characterization of Products

X-ray powder diffraction (XRD) patterns of the products
were obtained on a Japan shimadzu limited XRD-7000
diffractometer at a voltage of 60 kV and a current of 80 mA
with Cu Ko radiation (A = 1.5406 A), employing a scanning
rate of 8° min~' at the 20 rang from 20° to 80°. Field emitted
scanning electron microscopy (FESEM) images were taken on
a JEOL JSM-6700F microscope. Transmission electron micros-
copy (TEM) images were obtained on a JEOL JEM-3010
transmission electron microscope at an accelerating voltage of
200 kV. Magnetic measurements were carried out at room
temperature using a USA Lakeshore 7307 Vibrating sample
magnetometer (VSM) with a maximum magnetic field of
10 kOe. The Thermogravimetry (TG) and Differential thermal
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analysis (DTA) measurements were simultaneously measured
up to 1400 °C at a heating rate of 10 °C/min using a Shanghai
ZRY-2P.

3. Results and Discussion

3.1 FESEM analysis

Figure 1(a)-(d) show the FESEM images of the samples
which were synthesized by heat treated coprecipitation product
at 900, 1000, 1100 and 1200 °C for 1 h, respectively. It can be
seen from Fig. 1(a) that the product prepared at 900 °C were
reunited particles with size range from 0.4 to 0.5 pm. When the
temperature was increased to 1000 °C, the particles grew into
octahedral nanostructure with size range about 0.8-1.0 um, as
shown in Fig. 1(b). The octahedral microcrystals with small
octahedral particles were obtained, as the temperature increased
to 1100 °C (Fig. 1c). After the temperature was increased to
1200 °C, the blocks and small particles were prepared as shown
in Fig. 1(d). Moreover, from the inset of Fig. 1(d), there was a
fragmented octahedral, which is due to the high temperature.
The results indicated that 1100 °C for 1 h was the best reaction
condition to the obtain MnFe,O,4 microcrystal.

3.2 XRD Analysis

Figure 2(a)-(d) show the XRD patterns of the samples
prepared at 900-1200 °C for 1 h. The peak position and relative
intensity of all diffraction peaks for the product match well with
standard powder diffraction data. The samples obtained at
900 °C can be indexed to those of the thombohedra structure of
hematite a-Fe,O; (JCPDS card No. 33-0664), orthorhombic
structure of bixbyite Mn,O; (JCPDS card No. 24-0508) and

cubic structure of manganese iron oxide (Mngog3F€0.017)203
(JCPDS card No. 24-0507) as shown in Fig. 2(a). It is revealed
that (Mn0.983Feo_017)203 was formed from the reaction OfF6203
and Mn,0;. When the temperature was up to 1000 °C, all the
diffraction peaks in Fig. 2(b) can be well indexed to
(Mng 9g3F€0.017)205. After the temperature was increased to
1100-1200 °C, a peak of cubic structure of jacobsite MnFe,Oy4
(JCPDS card No. 10-0319) can be observed in Fig. 2(c) and
(d). Tt is indicated that MnFe,O,4 can be obtained at high heat
treatment temperature of 1100-1200 °C for 1 h.
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Fig. 2 XRD images of samples obtained at different heat treatment
temperatures for 1 h. (a)900 °C; (b) 1000 °C; (c) 1100 °C; (d)
1200 °C

Fig. 1 FESEM images of samples obtained at different heat treatment temperatures for 1 h. (a) 900 °C; (b) 1000 °C; (c¢) 1100 °C; (d) 1200 °C

Journal of Materials Engineering and Performance

Volume 20(9) December 2011—1639



3.3 TEM Analysis

The representative TEM image is shown in Fig. 3(a),
consistent with those of a sample observed by FESEM in
Fig. 1(c). The insets show the sketch images of Fig. 3(a) were
electron beam parallel to the [111], [100] and [111] direction of
octahedral, respectively. The sizes of the smooth surface
octahedral were about 1.0 um. The SAED pattern taken from
a single octahedron can be exactly indexed to a MnFe,0, single
crystal recorded from the [111] zone axis (Fig. 3b). The SAED
and TEM analyses revealed that MnFe,O, octahedra were
single crystal cubic phase structure.

3.4 Magnetic Measurements

Figure 4(a) and (b) show the magnetic hysteresis curves for
the MnFe,04 octahedra obtained at 1100 and 1200 °C,
respectively. The MnFe,O4 microcrystal exhibited a weak
ferromagnetic behavior with coercivity (H.) value of 49.03
and 39.23 Oe, remanent magnetization (M,) value of 2.16 and
2.55 emu/g, saturation magnetization (M) value of 42.93 and
47.98 emu/g, which are much smaller than the theoretical

(a)

values of 120.8 emu/g and bigger than the MnFe,O, nano-
crystal of 7.8 nm exhibited a low saturation magnetization of
23.9 emu/g. The saturation magnetization of ferrite microcrys-
tal is generally believed to be due to the decreased particles size
and presence of a magnetic dead or antiferromagnetic layer on
the surface (Ref 7, 15). It is obvious that the magnetic of
MnFe,0, were increasing as the growth of crystals.

3.5 DTA and TG of MnFe,0, Precursor

DTA and TG data (recorded from room temperature to
1400 °C) of the as-synthesized precursor recorded simulta-
neously at a rate of 10 °C/min were shown in Fig. 5. The DTA
pattern shows a small endothermic transformation between
room temperature and 80 °C. This endothermic peak was
accompanied by a weight loss of ~11% in the TG curve which
was attributed to the loss of a small quantity of ethanol
adsorbed on the solid surface of the as-prepared sample, which
did not remove even after room temperature drying (Ref 16).
An exothermic peak centered at 700 °C in DTA which
accompanied by a weight loss of ~33% in the TG curve could

Fig. 3 TEM images of samples obtained at 1100 °C for 1 h. (a) TEM; (b) SAED
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Fig. 4 Magnetic hysteresis curves measured at room temperature
for MnFe,O, octahedra heat treatment at 1100 °C (a) and 1200 °C
(b) for 1 h
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Fig. 5 DTA/TG of the MnFe,0O4 precursor obtained at a heating
rate of 10 °C/min
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be observed. This can be attributed to the decomposing a mount
of Fe(OH); and Mn(OH), precipitates. Moreover, a strong
exothermic peak at 1100-1200 °C in DTA was accompanied by
a weight loss in the TG curve. It is indicated that MnFe,O,4 can
be obtained from Mn,Oj; and Fe,Oj. In this paper, DTA-TG as
well as the heat treatment of the precursor was carried out in the
presence of air atm and the O,, which decomposed from the
reaction of Fe,O; and Mn,O3; might result in a strong
exothermic peak at 1100-1200 °C.

3.6 Mechanism Analysis of Synthesis

The experiment results revealed that MnFe,O,4 octahedra
can be obtained via heat treatment of coprecipitation product,
which were synthesis by reaction of Mn®" ions and Fe*" ions in
alkaline condition. The MnFe,O,4 formation proceeds may be as
follows: first, Mn®" and Fe*" ions reacted to OH™ in aqueous
ethanol solution formed Fe(OH); and Mn(OH), coprecipitation
product, respectively (Eq 1, 2); Subsequently, the obtained
Fe(OH); and Mn(OH), deposition dehydrate into Fe,O; and
Mn,0O; (Eq 3, 4). Finally, MnFe,O,4 can be prepared via the
reaction of Fe;O3; and Mn,O3 (Eq 5). The chemical reaction
can be expressed as:

Mn** +20H™ — Mn(OH), | (Eq 1)
Fe’™ + 30H™ — Fe(OH), | (Eq 2)
AMn(OH), + 05 — 2Mn, 03 + 4H,0 (Eq 3)
2Fe(OH), — Fe, 03 + 3H,0 (Eq 4)
2Mny 05 + 4Fe;05 — 4MnFe; 04 + O; | (Eq 5)

In this process, the coprecipitation reaction of Eq 3 and 4
lead reversible reactions of Eq 1 and 2 towards right direction.
Finally, we obtained MnFe,O, octahedra via heat treatment of
coprecipitation products in high temperature condition.

The shapes of MnFe,0,4 octahedra were dependent on the
formation of nucleus and its growth speed in different
directions. It is believed that the absence of anhydrous ethanol
can reduce the formation speed of Fe(OH); nucleus and
growth. At first, [Fe(H,0)]:" molecules were adsorbed by
anhydrous ethanol, which can reduce the growth speed of [111]
direction. The resulting of formation octahedron shapes due to
the growth speed of [100], [010] and [001] direction was
equally and the ratio of {100} to {111} was 1.73 (Ref 17).

4. Conclusions

In summary, MnFe,0,4 octahedra have been successfully
prepared via heat treatment of coprecipitation products without
any assistant. Moreover, the influence of heat treatment
temperature on magnetism of MnFe,O4 octahedra was inves-
tigated. A possible mechanism was also proposed to account
for the growth of these samples. These MnFe,O4 octahedra
have potential applications in design of nanoscale devices,
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ultrahigh-density magnetic storage devices and biomedicine for
targeted drug delivery fields.
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