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ABSTRACT

This study has encountered with the fabrication of ferrites (Mg and Mn) using citric acid as anionic surfactant in sol-gel method followed by calcinations
at varied temperatures (300, 600, 800°C) for 2h, respectively. The fabricated ferrites have been characterized by FTIR (Fourier Transform Infrared
Spectroscopy), XRD (X-Ray Diffraction), SEM (Scanning Electron Microscope) and TEM (Transmission Electron Microscope). The FTIR spectrum for
MnFeO; shows that some functional groups already removed under 300°C calcination due to several oxidation numbers possessed by Mn leading to
more flexibility. The XRD diffractograms for both MgFe,0, and MnFeO; show that the transition phase from amorphous to crystalline structure
occurred in the temperature range of 300-600°C. The SEM mappings based on the Fe distribution for both MgFe,0, and MnFeO; show that more Fe
distributed over the ferrites surface at 600 and 800°C, while the SEM mappings for both ferrites (Mg and Mn) show less Fe distribution at 300°C
calcination, thus, it indicates more repulsion force bearing by higher amounts of Fe atoms at higher thermal agitation due to volume expansion. The
TEM spectra proved that both ferrites existed as crystals after calcined at 600°C. The fabricated ferrites have remarkable electrical properties useful for

the manufacture of semiconducting materials.
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1. INTRODUCTION

It has been known that spinel ferrites, with the
general formula, MFe,O4 (M= Co, Zn, Mg, etc.), possess
important electrical and magnetic properties, where they
form close packed face-centered cubic (fcc) crystals while
the M*>" and Fe*" ions can form either tetrahedral or
octahedral structures placed inside the fcc unit cell (Figure
1). On the other hand, perovskite ferrites, with the general
formula, MFeO; (M= larger cation than Féﬂ which is
capable to form 12-fold coordination with oxygen), is more
suitable for octahedral coordination exist in cubic crystals
[1]. Generally, perovskite structures are more flexible since
they can exist in one or more structural phase transitions
particularly at lower temperature [2]. Both Mg- and Mn-
ferrites have been found in broad applications including
heterogeneous catalysts, sensors, and semiconductors [3].
Moreover, nanostructure ferrite materials have attracted
great attentions due to their remarkable properties
encountered with their impressive magnetic and electrical
behaviors [4].

The electrical and magnetic properties of ferrites
depend on their size, shape, crystalline structure and
cationic distributions, which can be controlled during
fabrication process.
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Metal nitrates have been found to be used as the
starting material in the previous study using thermal
method [5], polymerized complex method [6], simple salt
method [7], electrospinning method [4], sol-gel method
[8,9] and high energy ball milling method applying high
sintering temperature [10,11]. Other miscellaneous methods
related to ferrites fabrication, i.e. the soft mechanochemical
method, which involved low sintering temperature [12],
reverse micelle method with metal sulphate as starting
materials [13], solid state reaction method [14], co-
precipitation method with manganese ores as starting
material followed by high calcination temperature [15] were
reported in previous investigations.

Previous studies show that the crystalline ferrite will
be formed at temperature above 500°C, with average
crystalline size below 100nm [7,4, 5,16,]. The Increase in
calcination temperature lead to increase in the size of crystal
[4,5]. High calcination temperature lead to the existence of
mixture of single crystal and multicrystal structure [10]. By
applying the Vibrating Sample Magnetometer (VSM)
increase in milling time caused to the increase in
magnetisation [12]. The magnetic moment depends on the
particle grain size and cation distribution. The decrease in
the number of structural matters surround particles had led
to the magnetization reduction in ferrite- nanoparticles [16].
While [4] obtained magnetisation value getting increased by
increasing the calcinations temperature (500 — 800°C).
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The important features of Mg- and Mn-ferrites have
been viewed in this study where both ferrites are prepared
by sol-gel method using citric acid anionic surfactant to aid
the mixing process. T he fabrication is accomplished by
calcinations at varied temperatures (300, 600 and 800°C).
The effects of calcinations are characterized by FTIR, XRD,
SEM and TEM, and will be the subject to be highlighted in
this study.
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Fig. 1 Framework for spinel lattice cell with tetrahedral and
octahedral inside the lattice.

2. EXPERIMENTAL
2.1 Materials, method and instruments

The chemicals, Fe(NO3)-9H,0 (OReC,Grade AR),
Mg(NOs3),-6H,0 pure (HmbG), MnO, (MERCK Schuchard
OHG, Germany), CcHgO;-H,O (OReC, Grade AR) were
selected as precursors in this investigation. Fourier
Transform Infrared spectroscopy, FT-IR (Perkin Elmer)

Magnesium nitrate hydrate + Iron 3
nitrate hydrate + citric acid + deionized

v

water ez

was conducted to obtain infrared spectra. The FTIR with 20
scans per second in the IR region (400 em’- 4000 cm™)
was used to investigate the absorption band of ferrites
compounds particularly addressing to tetrahedral and
octahedral absorption. The crystalline structure and size of
ferrites was studied by XRD (Philips XL 40), with anode
CuKa 1 radiation, 30 mA current, 40 kV voltage, and
wavelength of 1.54060 nm scanning for 26= 10°- 80°, The
incorporated EDAX analysis and SEM mapping was
applied to obtain the atomic distribution on the surface of
ferrites, while the TEM (JEM- 2100) with 200 kV high-
resolution, was used to observe the morphology such as
size, shape and arrangement of the lattice planes in the unit
cell.

2.2 Fabrication of ferrites (Mg and Mn)

2020 g of Fe(NO;3);'9H,0, 641 g of
Mg(NOs3),-6H,0, and 9.61 g of CsHgO; were dissolved in
deionised water and made up to 100 mL. The concentration
of Fe(NO;);-9H,0:Mg(NO;), 6H,0:C¢HgO,; were in the
ratio of 0.5 M: 0.25 M: 0.5 M. The solution mixture was
stirred and heated at 60°C for 3 h and followed by 80°C,
until the mixture changed to gel form. The gel was then
dried in an oven at 100°C for 24 h and followed by calcined
in a muffle furnace at 300, 600, and 800°C for 2h,
respectively. Figure 2 shows the outline of the fabrication
process. The similar treatment was done by replaced the
Mg(NO;),6H,0 with 2.17 go f MnO,, with the
concentration of Fe(NO;);-9H,0:MnO,:C¢HgO5 in the ratio
of 0.5 M: 0.25 M: 0.5 M [5]. Characterization was done by
using XRD, FTIR, SEM-EDAX and TEM. The flow
diagram of the fabrication process of Mg- and Mn- ferrites
is presented in Figure 2.

Manganese oxide + Iron nitrate hydrate
+ citric acid + deionized water

v

Heat at 60°C followed by 80°C with constant stirring until it turned gel.

v

Heat the precursor at 100°C for 24h.

v

Calcined at 300°C, 600°C, and 800°C for 2h

v

Characterized by XRD, FTIR, SEM-EDAX,TEM

Fig. 2 The fabrication process of Mg- and Mn- ferrites.
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3. RESULTS & DISCUSSION

3.1 XRD analysis

Figure 3.1 (a) and Figure 3.1 (b) show the
diffractograms for both MgFe,O, and MnFeO; at different
temperatures (100, 300, 600 and 800°C) where both ferrites
(Mg and Mn) still existed as amorphous materials at 100°C.
As the temperature increased to 300°C the material
structure of both ferrites (Mg and Mn) changed to semi-
crystal with the appearance of some broaden peaks at
certain 20 (Bragg’s angle), and when the calcinations

continued to 600°C and 800°C both ferrites (Mg and Mn)
existed in crystalline form with the existence of sharp peaks
in characteristic patterns of Mg-ferrite and Mn-ferrite,
respectively. On more detail examination, the formation of
crystalline structure at 600 C was obtained to be faster for
Mn-ferrites compared to Mg-ferrite assumed by more
flexible Mn-ferrite related to several oxidation numbers
belong to Mn element. T he higher thermal effect gave
larger movement to atoms to do self rearrangement forming
their crystalline structure.

- (311)

— 100°C heating temperature
300° calcined temperature
—— 600°C calcined temperature

— 800°C calcined temperature

— (220)

—— (400)
— (511)

—— (440)

- (422)

! | |
ﬂ.‘l"ﬂ"l"-‘!i,"\‘-'r‘."# pnAMMradsdl bnd \«nd | TORY | PRI | J’ LY ) PRI | T Y

i 20 30 40 50 60 70 80
2-Theta Scale

Fig. 3.1 (a) XRD patterns for MgFe,O4 at different
temperatures (100, 300, 600, and 800°C). Sol gel
method using citric acid surfactant.

3.2 FTIR analysis

Figure 3.2 (a) and Figure 3.2 (b) show the FTIR
spectra for MgFe,04 and MnFeO; which are observed in the
range of 4000-400 cm™'. Both figures show that many peaks
which are responsible for different functional groups,
appear in the 3600-1200 cm™ range. For FTIR spectra of
MgFe,0,, peak at 3421.77 cm™ indicates the presence of O-
H group, 234532 cm™ corresponds to trace of adsorbed
CO,, 1384.64 cm’ corresponds to NO; and C-H bending
appears in 850-1200 cm™ [16,17]. When MgFe,0, is
calcined at 300°C, some functional groups in 4000- 1200
ecm’ are eliminated, whereas O-H and NO; groups are
retained in the structure due to stronger chemical bonding.
When MgFe,O, is calcined at 600°C and 800°C, all
functional groups in 4000- 1200 cm™ are eliminated. For
MnFeOs, at 100°C, the peak at 3393.33 cm’! corresponds to
O-H group, 1624.21 em’ corresponds to CO group, and
1384.49 cm™ corresponds to NO;™ group [5]. When MnFeOs
is calcined at above 300°C, all functional groups in the
range 3600- 1200 cm’ are eliminated. This implies that
manganese ferrite has more flexible structure, as manganese
is a transition metal and has many oxidation states, whereas
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Fig. 3.1 (b) XRD patterns for MnFeOs at different
temperatures (100, 300, 600, and 800°C). Sol gel
method using citric acid surfactant.

magnesium is an alkaline earth metal which only has +2
oxidation state, thus magnesium ferrite has more rigid
structure. The existence of undesired functional groups will
affect the conducting performance of the ferrites.

3.3 SEM - EDAX analysis

The elemental distribution on the surface of ferrites
on exposed areas can be examined through EDAX analysis
in couple interface with SEM. The distribution of an
element in a compound is important as it will affect the
conducting performance of ferrites in their applications.
Table 3.1 shows the elemental distribution of Mg and Fe in
MgFe,0, surface where at higher temperature (300°C) the
interested element concentrations is found higher than that
at lower temperature (100°C), while the similar trend is also
found for Mn and Fe distribution in the surface of MnFeO;.
However, as the thermal treatment was increased to 600°C,
the element concentrations of both ferrites (Mg and Mn)
have atendency to reduce again except for Fe atomic
concentration in MgFe,O,4. The impressive phenomenon is
encountered with the effect of thermal agitation yielded
drifts in atomic movements causing instability in element
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distribution on the material surface. H owever, with the
special attention to the Fe distribution on the Mg-ferrite
surface, it can be deduced from the more rigid structure of
Mg-ferrite limited the Fe atomic movement in Mg-ferrite.
Having seen in SEM mapping demonstrated by
Figure 3.3 (a) and Figure 3.3 (b) the distribution of Fe
atoms on the surface of Mg-ferrites is likely to be denser
and more homogeneous under the calcined temperature of
600'C compared to the one of 100°C. This phenomenon is
confirmed by the results shown in Table 3.1 obtained from

EDAX analysis where the concentration of Fe atoms is
about 50% (600°C), which is almost as twice as the
concentration of Fe atoms in lower temperature, i.e. approx.
26% (100°C). The mechanism can be elucidated from the
thermal agitation where under the 100°C heating less Fe
atoms get the chance to move toward the Mg-ferrite surface.
Additionally, the rather rigid structure of Mg-ferrite
prevents the mobility of atomic movement under lower
temperature.
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Fig. 3.2 (a) FTIR spectra for MgFe,0O4 heated at
100°C, calcined at 300C, 600°C and 800°C

Fig. 3.2 (b) FTIR spectra for MnFeO3 heated at 100°C,
calcined at 300C, 600°C and 800°C

Table 3.1 The weight (%) of metal distribution on the surface of ferrites (Mg and Mn) at interested temperatures (100, 300 ,

600 and 800 C).
Temperature ("C) Mg/ MgFe,04 (%) Fe/ MgFe,04 (%) Mn/ MnFeO; (%) Fe/ MnFeOj; (%)
100 5.11 26.17 22.89 22.21
300 8.56 50.70 30.33 30.25
600 6.11 50.62 18.97 18.46
800 7.43 59.57 27.92 26.83

Fig. 3.3 (a) SEM mapping of Mg-
ferrite for Fe distribution at 100°C.

Fig. 3.3 (b) SEM mapping of Mg-
ferrite for Fe distribution at 600°C.
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On the other hand, a different trend is found for the
distribution of Mn atoms under different thermal treatment,
i.e. at 100°C and 600°C, as shown by Figure 3.3 (c) and
Figure 3.3 (d). The distribution of Mn atoms at the surface
of Mn-ferrite is likely to be unaffected by increasing
temperature from 100°C to 600°C. Regarding the values in
Table 3.1 obtained from EDAX analysis, it seems that the
concentrations of Mn atoms on the surface of Mn-ferrites
are not too varied by altering the temperatures from 100°C
to 800°C. Therefore, the concentration of Mn atoms at the
Mn- ferrite surface are found to be around 23% (100°C) and
19% (600°C). The effect of temperatures does not change
remarkably the concentration value of Mn atoms as
confirmed by the results shown in Table 3.1. This
phenomenon probably can be elucidated by the flexibility of
Mn-ferrite structure with several oxidation numbers
possessed by manganese element in the periodic table and
their perovskite nature [18]. As a result, it is possible that at

higher temperature (600°C) the concentration of Mn atoms
is a little higher than that one at lower temperature (100°C)
as demonstrated by the SEM mappings in Figure 3.3 (c) and
Figure 3.3 (d).

Having compared the concentration of Fe atoms in
the surface of Mg-ferrite and Mn-ferrite, respectively, as
shown from the SEM mappings exhibited in Figure 3.3 (e)
and Figure 3.3 (f), the scattering of Fe atoms in Mn-ferrite
surface looks more uniform compare to that one posed by
the scattering of Fe atoms in Mg-ferrite. However, from the
data listed in Table 3.1 obtained by EDAX analysis, the
concentration of Fe atoms in Mg-ferrite at 800°C (i.e. =
59%) is found as more than twice higher as the

concentration of Fe atoms in Mn-ferrite at 800°C (i.e. =
27%), it indicates a higher density found for Fe atoms on
the surface of Mg-ferrite encountered with the more rigid
structure of Mg-ferrite due to Mg alkaline earth element
mobility

hindered the of Fe atomic movements.

Figure 3.3 (c): SEM mapping of Mn-
ferrite for Mn distribution at 100°C.

Figure 3.3 (d): SEM mapping of Mn-
ferrite for Mn distribution at 600°C.

Figure 3.3 (e): SEM mapping of Mg-
ferrite for Fe distribution at 800°C

3.4 TEM Analysis

The results from XRD, FTIR and SEM-EDAX
analyses show that ferrites are successfully formed under
600°C calcinations. Figure 3.4 (a) and Figure 3.4 (b) show
the TEM images using Fast Fourier Transformation method
for MgFe,04 and MnFeO; calcined under 600°C,
respectively. Mo reover, the TEM image of Mg-ferrite
shows a concentrated atomic mass in the exposed region in

Figure 3.3 (f): SEM mapping of Mn-
ferrite for Fe distribution at 800°C

the bulk structure, while the TEM image of Mn-ferrite
demonstrates a scattering atomic concentration in the
exposed part in the Mn-ferrite bulk structure. T he TEM
images verified that in the bulk region under 600°C
calcination, the distribution of atomic concentration in Mn-
ferrite is more uniform in the bulk part, while the atomic
distribution in the bulk region of Mg-ferrites is much less
uniform and rather concentrated at the exposed region. This
phenomenon is unsurprising since the mobility of atomic
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movement is much greater found in Mn-ferrites rather than
the corresponding Mg-ferrite, which is going back to the

chemical properties of Mn transition element with several
oxidation numbers and Mg alkaline earth element.

Fig. 3.4 (a) TEM micrograph of
Mg-ferrite at 600°C.

4 CONCLUSION

The sol gel method applying citric acid anionic
surfactant has successfully fabricated the Mg- and Mn-
ferrites at 600°C and 800°C calcinations. F rom the
characteristic study, it has showed that the atomic
movement found much greater for Mn-ferrites during the
thermal treatment encountered with the more flexibility
structure of Mn-ferrites correlated with Mn oxidation
numbers compared to the more rigid structure of Mg-
ferrites.  Therefore, the sol gel method gives more
advantage on the synthesis of Mn-ferrites on this respective
case.
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