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AbstractThis study explores the micromagnetic behaviour of MnFe2O4 derived from natural iron sand through the coprecipitation method,without the need for calcination. Using manganese chlo-ride and iron sand as precursors, one can create MnFe2O4. Through theutilisation of X-ray Diffraction (XRD), Scanning Electron Microscope-Energy Dispersive X-Ray (SEM-EDX), and Vibrating SampleMagnetometer (VSM), one can effectively analyse and understand the crystal structure, morphology, and magnetic properties. Thecrystal size was reduced by a fac-tor of 0.40 nm, as revealed by XRD crystal structure analysis. Additionally, the XRD results indicatedthe absence of impurities, confirming the presence of a single phase. In addition, the SEM analysis revealed that samples 1, 2, and3 underwent agglomeration. The particles have a cubic shape. The analysis using EDX indicates that there are no other elementspresent in the Mn, Fe, and O. Additionally, the VSM analysis confirms that the sample exhibits magnetic hardness. Sample 1 exhibitsexceptional magnetic properties, with Ms values of 217.53 emu/g, Mr 34.27 emu/g, and Hc 127.42 emu/g. Photoluminescence (PL)spectroscopy was used to observe the optical properties of MnFe2O4. Sample 1 exhibits a distinct emission spectrum at 440 nm,representing the purple band. Sample 2 displays a sharp emission spectrum at 448 nm, indicating the blue band. Lastly, Sample 3demonstrates a clear emission spectrum at 427 nm, signifying the purple band.
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1. INTRODUCTION

Research and application of nanotechnology have developed
rapidly in the last decade. Magnetic materials have attracted at-
tention. The manufacture of MnFe2O4 has been carried out for
many applications such as MRI (Ravichandran and Velumani,
2020) , removal of clean water (Thy et al., 2020) , catalysis (Qin
et al., 2020) , antibiotics degradation (Dieu Cam et al., 2021) ,
etc. The chemical synthesis and presence of multivalent metal
ions in its spinel structure give MnFe2O4 its significance. This
compound, MnFe2O4, falls under the category of inverse spinel
ferrites. In this structure, both Mn2+ and Fe2+ ions are found in
the tetrahedral sites, while Fe3+ ions are located in the octahe-
dral sites (Arun et al., 2020) . Similar to a physical chemist, one
can observe an enhancement in electronic conductivity when
transitioning be-tween divalent and trivalent ions in the inverse
spinel structure during the redox reaction pro-cess. Because

it is possible to adjust experimental parameters such reaction
temperature, time, proportion of oxidation or reducing agent,
and addition of nucleating agent, the chemical oxi-dation pro-
cess plays an essential and appealing role in the synthesis of
MnFe2O4.

Previous research was conducted about MnFe2O4 for var-
ious purposes. Peng et al. (2023) added rGO in MnFe2O4
as composite rGO/MnFe2O4 with the chemical process for
electrical heating and mi-crowave absorbing material. With
a thickness of 3 mm and a reflection loss of 43.2 dB at 14.1
GHz at 800◦C, the resistance that results is 19.18 Ω. MnFe2O4
doped Zn and Dy in their re-spective magnetic and structures.
Shayestefar et al. (2022) prepara-tion and characterization
of MnFe2O4 doping Zn and Dy in structure and magnetic
properties, respectively. The study found that the crystal size
and magnetic saturation ranges are 13 to 30 nm and 30 to 67
emu/g, respectively. Kumar et al. (2022) are doing a syn-thesis
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of MnFe2O4 coating PEG-2000, respectively. The crystallite
size results in the range of 36-45 nm and saturation mag-
netization of 68 emu/g. Amulya et al. (2021) reported the
synthesis of MnFe2O4 nano-particles using sono-chemical. It
is crystallite size results in the range of 16-24 nm. Correspond-
ingly, influences of Mn in Fe3O4 materials in-crease structural
and magnetic properties (Abdullah et al., 2023; de Góis et al.,
2022) .

Based on this literature, we present first time in this research
the micro-magnetic activity of MnFe2O4 in permanent mag-
netic materials using a co-precipitation approach and without
cal-cination temperatures. These syntheses use natural iron
sand and manganese chloride as main precursors. The charac-
terizations were carried out using X-Ray Diffraction, Scanning
Electron Microscopy, and Energy Dispersive X-Ray, Vibrating
Sample Magnetometer, and Photoluminescence (PL).

2. EXPERIMENTAL SECTION

2.1 Materials and Instrumentation
The main precursor’s manganese chloride (Mecrk), natural iron
sand NaOH (Merck), HCl 37% (Merck), Whatman filter paper,
hot plate, magnetic stirrer. It was carried out in this research
using the co-precipitation approach. The mass ratio that will
be used as shown in the Table 1.

Table 1. Comparison of Manganese Chloride and Natural Iron
Sand

Sample Manganese Chloride:
Code Natural Iron Sand

1 4: 6
2 5: 5
3 3: 7

The characterization using X-Ray Diffraction (XRD) Smart-
lab. The morphology of MnFe2O4 was tested using Scan-
ning Electron Microscope-Energy Dispersive X-Ray Spec-
troscopy (SEM-EDX) Hitachi. To determine the magnetic
properties of MnFe2O4 tested using Vibrat-ing Sample Mag-
netometer (VSM) DXV-9000 and the optical properties using
photolumines-cence (PL) Horiba.

2.2 Methods
The manganese chloride material was ground using a mortar
cup, then the Iron Sand was sifted through a 120 mesh sieve
and then weighed with the required mass in grams. In addition
to the standard materials above, NaOH (1M) is also necessary
as a precipitate in the artificial process & aqua dest as a solvent.
The synthesis was carried out by mixing 4 grams of Fe2O4, and
50 mL of HCL (37%) and stirring for 30 minutes, and then
the solution was filtered using Whatman filter paper. The filter
solution was mixed by adding 6 grams of MnCl, then started
using a magnetic bar on a hot plate for 30 minutes. Then add
the re-solution to 150 mL of NaOH (1M) solution slowly drop
by drop while stirring using a magnetic bar on a hot plate at

a speed of 700 rpm and 180◦ for 2 hours. Then the washing
process is carried out using Aquades and ethanol to neutralize
the pH and remove the salts formed during the reaction. If a
precipitate form at the bottom of the beaker, then the water
in the beaker is removed carefully using a dropper so that the
sediment is not wasted. Washing was carried out on a sched-
uled basis until the precipitate formed had a neutral pH. Then
dried using an electric roast at a temperature of T = 250 with
a time of t = 2 hours. The dried precipitate is then ground
and ground as a powder. The sample in the form of a fine
powder was then dryed at a temperature of 200 for 2 hours. To
determine the microstructure of MnFe2O4 tested with X-Ray
Diffraction (XRD). The morphology of MnFe2O4 was tested
using Scanning Electron Microscope-Energy Dispersive X-Ray
Spectroscopy (SEM-EDX). To determine the magnetic proper-
ties of MnFe2O4 tested using Vibrating Sample Magnetometer
(VSM) and the optical properties using Photoluminescence
(PL).

3. RESULTS AND DISCUSSION

3.1 Structural of MnFe2O4
Several diffraction patterns, characteristic peaks of a sample, are
tested by X-Ray Diffraction (XRD). XRD testing was carried
out to determine the phase formed, the highest peak, and the
crystal structure of MnFe2O4 with composition variations in
Figure 1 and Table 2.

Table 2. Crystal Parameters at Miller Index 311

Sample 2𝜃 Intensity
FWHM

Crystal
Code (deg) (a.u) Diameter (nm)

1 35.72 173.16 0.56 0.51
2 35.72 174.66 0.57 0.13
3 35.53 174.06 0.58 0.40

XRD diffraction patterns are plotted in 2D graphs, namely
x and y, where the x-axis is the diffraction angle, and the y-
axis is the peak intensity. Each peak in the diffraction pattern
oc-curs due to X-rays reflected from the plane against the
XRD-tested sample. The positions of the peaks have different
intensities depending on the crystal structure, this is evident
from the appearance of diffraction peaks with Miller indices
(111), (220), (311), (420), (551), (440) and (620), which is the
spinel cubic structure of MnFe2O4.

Based on the analysis of the data from Table 2, using the
Scherrer equation, the crystal grain size shown in the Table 2
is obtained for the sample MnFe2O4 composition 4:6 (sample
1) 0.5102 nm and MnFe2O4 composition 5:5 (sample 2) 0.13
nm and a 3:7 compositions (sample 3) 0.400 nm. As seen in
Figure 1 in sample 3, there is a peak shift due to differences in
com-position variations resulting in a decrease in the intensity
value and an increase in the FWHM value. Grid parameter
value increased due to the difference in the radius of Mn (1.72)
com-pared to Fe (0.67) (Al-Zahrani et al., 2022) . This is
caused by the heating process and the dif-ference in the ratio of
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Table 3. Magnetic Properties of MnFe2O4 with Variation Compositions

Sample Code Ms (emu/g) Mr (emu/g) Hc (Oe) B (×109 Oe2) k1
1 217.53 34.27 127.42 0.96 0.96
2 208.78 33.63 113.41 0.81 0.99
3 30.46 6.86 118.70 0.95 0.99

Figure 1. Diffraction pattern of MnFe2O4

faithful samples (Akhlaghi and Najafpour-Darzi, 2021; Cheng
and Ji, 2024; Kalaiselvan et al., 2022) . Table 2 shows that the
height of the intensity peak identifies the crystal size of a sample.
From the Deybe Scherrer equation, it shows that the grain size
value produced will be inversely proportional to the FWHM
value, while the FWHM value is influ-enced by the intensity of
each crystal plane, where the higher the intensity, the smaller
the FWHM value (Sukmarani et al., 2020) . The wider the
FWHM value, the better the atomic order. From the results of
this XRD test, it does not have impurities because it has been
con-firmed that the single phase is seen in the EDX results.
This proves that MnFe2O4 has a high degree of crystallinity.

3.2 Morphology of MnFe2O4
To analyze the morphological structure of a material, charac-
terization was carried out using Scanning Electron Microscopy
(SEM). Through the SEM test, the microstructure and parti-
cle size of the manganese ferrite material can be known. Mi-
crostructure observations of the MnFe2O4 magnetic powder
were carried out using the SEM-EDX in Figure 2 and Figure
3.

The images on samples 1,2 and 3 each at 1000× magnifi-
cation which has a surface morphology with random particles
from the smallest particle size to the largest particle size. From
the his-togram in Figure 2, it can be observed that the effect
of increasing the ratio of manganese and iron sand makes the
particle size around 120-280 nm. Sample 1 for particle size is
shown in the range of 140-280 nm, then the particle size of
sample 2 is shown in the range of 120 -170 nm and the particle
size in sample 3 is shown in the range of 120-220 nm. The
difference in particle size affects the addition of manganese and
ferrite (Sharifi et al., 2021) . The EDX spectrum is depicted
in Figure 3, which includes components such as manganese,
iron, and oxygen. The resulting atomic weight percentage and
atomic percentage are shown for each particular operation.

3.3 Magnetic Properties of MnFe2O4
Using a Vibrating Sample Magnetometer, the samples were
conducted to determine the mag-netic characteristics of MnFe2
O4. The hysteresis curve in Figure 4 below illustrates the
strength of the material’s magnetic characteristics. From this
angle, one can observe the coercivity (Hc), remanent magneti-
sation (𝜎r), and magnetisation magnitude (𝜎s).

Figure 4 shows a change in the hysteresis curve’s shape,
indicating a change in magnetic prop-erties. Previous research
by López-Ortega et al. (2015) states that permanent magnetic
materials are declared for all particle sizes above 40 nm. From
the results of this study, the value of coercivity tends to decrease,
as in Table 3. The anisotropy parameter can be determined
by B = H2

c /15, where Ha is the magnetic field, and the mag-
netocrystalline constant (k1) can be defined as k1=1-𝜇oMsHc
(Al-Zahrani et al., 2022; Bhandare et al., 2020; Westerstrand
et al., 1975) . Soft magnetic material and hard magnetic mate-
rial are magnetic materials that have different characteristics
(Herrmann, 1991; Iusipova, 2022) . Hard magnetic material
is a magnetic material that still retains its magnetic properties
after being magnetized, is called a permanent magnet, and has
a coercivity greater than 125.6 Oe (Li et al., 2012) . While soft
magnetic properties are a material that is easy to magnetize but
also easy to lose its magnetism after it is not magnetized, this
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Figure 2. Morphological Results and Distribution Particle Size of MnFe2O4

material has a coercivity of less than 12.56 Oe (Chakradhary
and Akhtar, 2020; Qu et al., 2022; Sharifianjazi et al., 2020) .
The coercivity ob-tained from the research is a hard magnetic

and permanent magnetic material, respectively.
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Figure 3. EDX Spectrum with Various Compositions

Figure 4. Hysteresis Loop of Variation Composition

3.4 Optical Properties of MnFe2O4
Figure 5 shows optical properties of all sample synthesized with
PL (Photoluminescence). These results suggest that Sample 1
is showing sharp emission spectra at 440 nm, matching to the
purple band, Sample 2 at 448 nm, corresponding to the blue
band, and Sample 3 at 427, matching to the purple band.

Figure 5. Photoluminescence Results of Variation
Compositions

4. CONCLUSIONS

Using the coprecipitation method without calcination, this re-
search aims to synthesise the micromagnetic activity of MnFe2O4
from natural iron sand. Using manganese chloride and iron
sand as precursors, one can synthesise MnFe2O4. Character-
ising the crystal structure, morphology, and magnetic prop-
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erties involved the use of X-ray Diffraction (XRD), Scanning
Electron Microscope-Energy Dispersive X-Ray (SEM-EDX),
and Vibrating Sample Magnetometer (VSM). The XRD anal-
ysis revealed a cubic crystal shape and crystal size values that
aligned with the SEM characterisation results of the MnFe2O4
sample. Additionally, the particles exhibited a tendency to
clump together. This study discovered hard magnetic mate-
rials and permanent magnetic materials. Photoluminescence
(PL) spectroscopy was used to observe the optical properties
of MnFe2O4. Sample 1 exhibits a distinct emission spectrum
at 440 nm, rep-resenting the purple band. Sample 2 displays a
clear emission spectrum at 448 nm, representing the blue band.
Lastly, Sample 3 demonstrates a sharp emission spectrum at
427 nm, also corresponding to the purple band. The findings
are suitable for producing materials with long-lasting magnetic
properties.
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