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 This study successfully synthesized Magnetic Iron Oxide 
Nanoparticles (MIONs) through two different processes, namely 
mechanical synthesis (MIONs – M) and chemical synthesis (MIONs 
– N). The synthesized samples were characterized using X-Ray 
Fluorescence (XRF), Scanning Electron Microscopy (SEM), X-ray 
Diffraction (XRD), and Vibrating Sample Magnetometer (VSM) to 
determine the elemental composition, morphology, structure, and 
magnetization of the samples. XRF analysis revealed that iron (Fe) 
dominated both samples, with concentrations reaching 93.91% for 
MIONs – M and 89.91% for MIONs – N. SEM morphological 
analysis showed that the MIONs tended to be spherical and 
experienced agglomeration, with particle size distribution around 120 
nm for MIONs – M and 30 nm for MIONs – N. XRD data indicated 
that both samples exhibited a cubic spinel Fe3O4 phase, consistent with 
the AMCSD 0000945 model data. Using the refinement method and 
Debye-Scherrer equation, the crystallite size and density of MIONs – 
M were found to be larger than MIONs – N. This correlates with VSM 
data analysis, where the saturation magnetization of MIONs – M 
(49.51 emu/g) was greater than that of MIONs – N (26.54 emu/g). 
These results provide important insights into the characteristics of 
MIONs and their implications for technological and industrial 
applications. 
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Introduction 

The study of nanomaterial characteristics has seen rapid advancements in the fields of science 
and technology [1]. Nanoparticles offer numerous advantages over microparticles or bulk 
materials [2]. Specifically, the properties of nanoparticles are more pronounced than those of 
microparticles [3, 4], and their flexibility makes them suitable for current technological and 
industrial applications. This technological development allows materials to be conjugated 
with various additional molecules, creating new systems with enhanced and innovative 
specifications [5]. One material that is currently widely researched and developed for various 
applications is Magnetic Iron Oxide Nanoparticles (MIONs), particularly Fe3O4 (magnetite) 
nanoparticles [6-8]. 

Fe3O4 nanoparticles are of great interest due to their unique properties and potential 
applications in various fields. For example, in medicine, Fe3O4 nanoparticles are used as drug 
delivery agents by utilizing magnetic microgels [9], immunotherapy for treating murine 
mammary adenocarcinoma (breast cancer), as contrast agents for MRI, and in hyperthermia 
cancer treatment, combined with microorganisms using a bio-physical approach [10]. In 
industry, Fe3O4 can be applied as an adsorbent for removing malachite green from aqueous 
solutions [11], improving the durability of electrodes in lithium batteries, as supercapacitors 
for energy storage, and as sensitive electrochemical sensors for the simultaneous detection of 
dopamine, ascorbic acid, and uric acid [12]. 

The properties of Fe3O4 nanoparticles have become a topic of discussion due to their potential 
applications in fields such as environmental engineering, biomedicine, microfluidics, and 
electric field mechanics [2,13]. This is because Fe3O4 nanoparticles exhibit unique magnetic 
properties compared to their bulk counterparts. Under high-temperature treatment, 
ferromagnetic particles exhibit superparamagnetic behavior at specific crystal sizes, typically 
below ~10-8 m [14], [15]. Additionally, the magnetic spin, size, and morphology of Fe3O4 
nanoparticles contribute to their magnetic properties, especially as superparamagnetic 
materials. 

Fe3O4-based superparamagnetic materials are highly intriguing to explore, particularly in 
terms of their synthesis process. Research by Taufiq et al. [6] revealed that it is possible to 
synthesize Fe3O4 nanoparticles in the size range of 30–100 nm by varying the amount of ferric 
chloride and solvent. This approach promotes efficient adsorption of impurities in water and 
magnetic flocculation. The results demonstrated that the synthesized Fe3O4 nanoparticles 
exhibited superior magnetic performance compared to commercial Fe3O4 nanoparticles (100 
nm), enabling effective recovery and separation of the magnetic flocculant. The removal rates 
for COD, ammonia nitrogen, and total phosphorus were found to be 93.48%, 100%, and 
84.62%, respectively, after 7 days, with a magnetic flocculant recovery rate of 95%. However, 
the study did not thoroughly evaluate the impact of size variation on other functional 
properties, such as thermal stability or biocompatibility, which are critical for further 
applications. Although the magnetic performance is reported to be better than that of 
commercial Fe3O4, there is no detailed quantitative measurement, such as magnetization 
saturation (Ms), coercivity (Hc), or remanence (Mr), to provide a more objective comparison 
of performance. This study focuses on the characteristics of MIONs synthesized through 
different processes, namely mechanical preparation and chemical synthesis. Mechanochemical 
preparation involves the use of a planetary ball mill, while chemical synthesis is performed 
via the coprecipitation method. The coprecipitation method is a synthesis technique that 
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involves the simultaneous precipitation of iron precursors in solution to produce Fe3O4 
nanoparticles. This process entails the reaction of iron salt solutions with a base under specific 
temperature conditions to form magnetite nanoparticles [15-17]. The coprecipitation method 
offers advantages such as precise control over particle size and the ability to produce 
nanoparticles with desired magnetic properties. 

Experimental Method 

A. Material 

The basic materials used in this study were iron sand from Sine Beach, Tulungagung, East 
Java. Other synthetic materials were hydrochloric acid (HCl) 37% Merck, ammonia hydroxide 
25% (NH4OH) Merck, distilled water, DI Water, and alcohol. While the tools used included 
permanent magnets, hot plate magnetic stirrer, digital scales, stopwatches, 100 ml measuring 
cups, 100 ml beakers, 250 ml beakers, spatulas, filter paper, tissues, funnels, droppers, marble 
mortars, tweezers, pH paper, petri dishes and ovens. 

B. Mechanochemical Preparation for MIONs - M 

The mechanochemical preparation process for MIONs – M begins with the separation of iron 
sand using a magnet to isolate iron-rich material from non-magnetic impurities. The 
separated material is then washed with deionized water and a dilute HCl solution to remove 
impurities and enhance purity, followed by rinsing with deionized water until the pH of the 
rinsing solution reaches 7. The material is then dried at 100 °C. Subsequently, the material is 
reduced to nanoscale dimensions through ball milling for 12 hours at a rotational speed of 
500 rpm, ensuring homogeneity and increased surface area. Finally, the material is heated in 
a furnace at 300–500°C for 4 hours to crystallize magnetic phases such as MIONs -M. The 
mechanochemical preparation process for MIONs – M is illustrated in Figure 1. 

 

Figure 1. Illustration of mechanochemical preparation of MIONs–M Samples 

C. Synthesis of MIONs-N with coprecipitation method 

For the preparation of the MIONs–N sample, the synthesis process also began by washing 
the iron sand with distilled water and drying it under sunlight until fully dry. The iron sand 
was then separating the iron sand using a permanent magnet to isolate iron sand from non-
magnetic impurities. The next step involved reacting 20 g of iron sand powder with 58 ml of 
HCl solution using a magnetic stirrer hotplate at room temperature with a stirring speed of 
720 rpm for 30 minutes. Once the solution was homogeneously mixed, it was filtered to obtain 
a solution containing Ferrous Chloride (FeCl2) and Ferric Chloride (FeCl3). A total of 18 ml of 
FeCl2 and FeCl3 solution was then titrated with 25 ml of NH4OH solution and stirred on a 
magnetic stirrer hotplate at a speed of 720 rpm for 30 minutes. The titration product was then 
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washed with DI water until neutral pH (pH 7) was achieved. The synthesis process continued 
by filtering the washing product to obtain Fe3O4 nanoparticles. In the final step, the Fe3O4 
nanoparticles were oven-dried at 100oC for 1 hour to obtain the MIONs–N sample. The 
synthesis process for MIONs–N is illustrated in Figure 2. 

 

Figure 2. Illustration of Chemical Synthesis of MIONs–N Samples 

C. Sample Characterization 

The characterization of MIONs–M and MIONs–N samples was performed using several 
advanced instruments. X-ray diffraction (XRD) analysis was conducted with an X'Pert3 
Powder (PANalytical Company B.V., Netherlands) over a 2θ range of 11° to 90°. This 
characterization aimed to study the formed magnetite phase, particle size, and lattice 
parameters based on the AMCSD 005203 model data. The proportion of the phases formed 
was analyzed using the Rietveld method, assisted by Rietica software. Scanning Electron 
Microscopy (SEM) (FEI, Type: Inspect-S50, China) was employed to investigate the 
morphology of the MIONs–M and MIONs–N samples. X-ray fluorescence (XRF) 
(PANalytical, Type: Minipal 4, UK) was used to determine the elemental composition of the 
iron sand. Meanwhile, magnetization, coercivity, and susceptibility tests were conducted 
using a Vibrating Sample Magnetometer (VSM) with the Physical Properties Measurement 
System (PPMS) Quantum Design PPMS® VersaLab™ Cryogen-free 3 Tesla, USA. 

Result and Discussion 

The MIONs–M and MIONs–N samples are samples resulting from different syntheses, where 
the MIONs–M sample is a sample synthesized by mechanical methods while the MIONs–N 
sample is the result of chemical synthesis. Both samples were characterized using an XRF 
instrument to determine the elemental composition of each sample. This is important to do 
to determine the composition contained in the sample. Different elemental contents can affect 
the magnetic performance, stability, and usability of the sample material. The complete XRF 
characterization results of the samples are shown in Figure 2. 
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Figure 2. Element content of MIONs – M and MIONs – N samples 

Figure 2 shows the elemental composition of the MIONs – M and MIONs – N samples. The 
percentage of iron (Fe) dominates both samples, followed by titanium (Ti), and calcium (Ca), 
as well as other minor elements. The elemental content in the MIONs – M and MIONs – N 
samples can be compared with several previous research reports. The results of the data 
comparison show that the Fe element content is generally relatively similar to the results of 
another research. Details of the elemental comparison can be seen in Table 1. 

Table 1. MIONs Compound Compare in Another Research 

Compound 
Percentage (%) 

MIONs – M MIONs – N Ref. [17] Ref. [19] Ref. [20] 

Si 1.83 0.8 0.82 0.80 0.84 

P 0.2 0.4 0.21 1.35 0.18 

Ca 1.17 0.94 0.15 0.92 0.16 

Ti 5.07 0.87 5.80 7.20 5.85 

V 0.44 0.42 0.45 0.40 0.46 

Cr 0.12 0.24 0.11 0.14 0.13 

Mn 1.45 0.66 0.43 0.60 0.47 

Fe 87.66 93.28 89.80 86.10 90.00 

Zn 0.04 0.1 0.05 0.11 0.04 

Eu 0.79 -- 0.80 - 0.78 

Re 0.3 -- 0.28 - 0.32 

Bi 0.93 0.77 0.94 0.76 0.95 

Cu -- 0.15 - 0.12 - 

Ni -- 0.15 - 0.15 - 

Re -- 0.5 - 0.72 - 

Ir -- 0.72 - - - 
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Table 1 shows the elemental composition of the MIONs – M and MIONs – N samples. In 
general, the elemental composition contained in both samples is consistent with several 
existing references. The results of data analysis show that the iron (Fe) element content is 
more dominant than other elements for both samples, where the MIONs – M sample contains 
86.00% and MIONs – N is 89.91% Fe. The Fe element content of the MIONs – N sample is in 
accordance with previous research which showed a value of 90% [21]. This shows that the 
MIONs – N sample with the coprecipitation synthesis method has optimum purity than the 
mechanical method.  

The purity of the sample elements plays an important role in optimizing the mechanical and 
magnetic properties of the sample. In addition to the Fe element, the titanium (Ti) element is 
in the second highest position of the two samples. The Ti element content reaches 5.07% for 
the MIONs – N sample. This Ti element content is in accordance with the reference, which is 
around 0 to 5.80%. The high Ti in this case is due to the calcination effect which still leaves 
impurities. 

Manganese (Mn) is one of the elements contained in the MIONs – N and MIONs – M samples, 
each at 0.66% and 1.45%. This percentage is in line with reference data from previous research. 
The content of other elements such as silicon (Si), phosphorus (P), and calcium (Ca) also show 
different values. MIONs – M has a Si content of 1.83% while MIONs – N is 0.8%. This value 
is close to the reference data which shows a value of 0.80% to 0.84% [16]. In contrast to the Si 
element, the phosphorus element shows a significant difference between the two samples, 
where the MIONs – N sample has a content of 0.20% while the MIONs – M sample is 0.40%. 
This difference is due to the behavior of element breakdown in the synthesis process or raw 
materials. The same thing was also detected in the element Calcium (Ca) where the MIONs - 
M sample contains less Ca, which is 1.17% compared to the MIONs - N sample which is in 
the range of 0.94%. Other elements such as vanadium (V), chromium (Cr), and zinc (Zn) show 
good consistency between the two samples and the reference, with element contents close to 
the data in the literature. It is also interesting to find the elements europium (Eu) and rhenium 
(Re) only in the MIONs - M sample and the elements copper (Cu), nickel (Ni), rhenium (Re), 
and iridium (Ir) only in the MIONs - N sample.  

These results indicate that the composition of these elements may not be uniform or only exist 
under certain conditions [22]. The morphology of the MIONs - M and MIONs - N samples 
was successfully characterized using an SEM instrument as shown in Figure 3. The 
characterization of both samples was carried out at two different magnifications, namely 
magnification with a scale bar of 100 µm and 2 µm. The difference in scale bars aims to see 
the surface characteristics of the two MIONs samples. At a scale bar magnification of 100 µm, 
the surface characteristics of the two MIONs samples were not detected well and tended to 
be random. In contrast to the scale bar magnification of 2 µm, the characteristics of the two 
MIONs samples were spherical and appeared to experience agglomeration between one 
particle and another. These results are well confirmed by previous studies which stated that 
magnetite has a spherical shape [23]. In addition, both MIONs samples were spread into 
several clusters which means that magnetite tends to experience agglomeration as a result of 
the electromagnetic properties of the two samples, namely the attractive force between the 
magnetic dipoles of magnetite particles. These results are also in line with previous research 
reports which explain that magnetite particles in nano sizes have strong properties to 
experience agglomeration [8]. 
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Figure 3. Morphology of samples (a) MIONs – M with a scale bar of 100 µm, (b) MIONs – M with a 
scale bar of 2 µm, (c) Particle size distribution of MIONs – M, (d) MIONs – N with a scale bar of 100 

µm, (e) MIONs – N with a scale bar of 2 µm, (f) Particle size distribution of MIONs – N 

Figure 3 also shows the particle size distribution of both MIONs samples. The results of data 
analysis show that the MIONs – M sample has an average magnetite particle size of 120 nm 
while the MIONs – N sample has an average size of around 30 nm. These results strengthen 
previous research studies which state that the formed magnetite nanoparticles are in the nano 
order. In addition, these results are also reinforced by previous empirical data which state 
that nanoparticles are easier to form when synthesized using the down-top method [24]. 
Figure 4 is the result of the diffraction pattern of Magnetic Iron Oxide (MION) nanoparticles. 
The results of data analysis show that both samples have a cubic spinel Fe3O4 phase that is in 
accordance with the AMCSD 0000945 model data. The highest diffraction peak of the particle 
is observed at an angle of 2θ 35.24o with the hkl plane (311) while the distribution of other 2θ 
peaks is identified at angles of 18.13o, 30.25o, 43.03o, 56.97o, 63.59o, and 75.28o which 
correspond to the miller indices (111), (220), (222), (422), (511), (026) and (335), respectively. 
There is also a goethite peak (400) indicated. This is due to the presence of impurity factors 
caused by the calcination temperature being too low [6]. 

Figure 3 also observes a difference in the width of the main peaks of the two samples. This 
indicates a difference in size formed from the MIONs - M and MIONs N samples. The results 
of data analysis also show that no new phases were found in the two samples. These data 
indicate that the impurity of the MIONs sample is relatively small. In addition, from the 
diffraction peaks formed, no new peaks were found indicating that the degree of crystallinity 
of the MIONs is relatively high. To strengthen this analysis, the XRD data of both samples 
were analyzed using the refinement method and Debye Scherrer calculations and the results 
can be seen in Figure 4(b) and Table 2. 



   P-ISSN: 2615-1278, E-ISSN: 2614-7904 

188 
 

 

Figure 4. Diffractogram Pattern of MIONs 

The results of the crystal structure analysis showed a slight difference between the lattice 
parameters of the MIONs - M and MIONs - N samples measured using the refinement 
method and the Debye-Scherrer method. Based on the refinement method, the crystal size of 
the Fe3O4 particles for the MIONs - M sample was 106.68 nm, while for the MIONs - N sample 
it was 9.05 nm. Meanwhile, the results of data analysis using the Debye-Scherrer method 
showed the crystal size of the Fe3O4 particles was 136.68 nm for the MIONs - M sample and 
12.53 nm for the MIONs - N sample. These results indicate that the MIONs - M sample 
synthesized using the mechanical method is much larger compared to the MIONs - N sample 
using the chemical method.  

Table 2. MIONs Theoretical Calculation Results Output 

Parameter M N 

Rietveld Method 

Crystallite Size (nm) 106.68 9.05 

Cell Volume (Å3) 591.64 581.35 

Scale*Volume (Å3) 0.002950 24.03 x 104 

Molecular Weight (gr) 1852.51 1852.51 

Density (gr/cm3) 51.97 5.29 

Lattice Constant (Å) (a=b=c) 8.39 8.34 

Rp 16.78 15.85 

Rwp 19.21 19.92 

X2 1.55 1.27 

Brag-Factor 10.99 8.79 

Debye-Scherrer Method 

Crystallite Size (nm) 136.68 12.53 

Lattice Constant (Å) (a=b=c) 8.39 8.40 

The results of this data analysis are also in accordance with previous studies, which state that 
the size of magnetite particles produced using the coprecipitation method gets a value at nano 
size [25]. These results also strengthen the statement that the down-top method is very 
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effective in fabricating magnetite particles on a nanometer scale. Furthermore, the different 
particle sizes show that MIONs - N using the modified coprecipitation method has a much 
smaller size than MIONs - M. In addition, the cell volume between the two samples also has 

a slight difference. The cell volume for the MIONs - M sample has a value of 591.64 Å³ and 

for the MIONs - N sample it is 581.35 Å3. This difference in value is the effect of the difference 
in crystal size of the two samples.  

The molecular weight for both MIONs - M and MIONs - N samples is consistent at 1852.51 
grams. This shows that the molecular weight is not affected by the synthesis method of the 
two samples. However, this is different from the density value of the material of the two 
samples. The density of the MIONs - M sample has a value of 51.97 g/cm3 while the MIONs 
- N sample is in the range of 5.29 g/cm3. This difference is due to the significant difference in 
crystal size between the two samples where the porosity value of the MIONs - N sample is 
higher than that of the MIONs - M. Referring to the lattice parameters of the data analysis 
results, in general the results of the MIONs - N sample data analysis are much more accurate 
than those of the MIONs - M sample. This can be seen from several results of the measurement 
lattice parameters, where the lattice parameter values of the MIONs - N sample are smaller 
than those of the MIONs - M. Such as the Rp (residual profile) and Rwp (weighted residual 
profile) values, the MIONs - M sample has values of 16.78 and 19.21 respectively, while the 
MIONs - N sample has values of 15.85 and 19.92 respectively. For the 𝜒2 number value in the 
MIONs - M sample is 1.55 while the MIONs - N sample is 1.27. Likewise for the Bragg factor 
value, the Bragg factor for the MIONs - M sample is 10.99 and the MIONs - N sample is 8.79. 

VSM characterization was carried out to determine the magnetization properties of the two 
samples. Analysis of VSM data on both samples, namely MIONs - M and MIONs - N, 
obtained a magnetization hysteresis curve which can be seen in Figure 5.  

 

Figure 5. Hysteresis curve for MIONs - M and MIONs - N samples 
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Superparamagnetic materials are a type of material that only shows its magnetization 
response when given an external magnetic field and has no permanent magnetization or very 
little when the field is removed. Figure 5 shows the results of data refinement using the 
Langevin equation theory calculation [26] and the magnetization values are shown in Table 

3. Based on the results of data analysis, both samples are classified as superparamagnetic 
materials. This result is because the remanent magnetization and magnetic field coherence of 
both samples are relatively small. Theoretically, the sample magnetization equation is shown 
in equation (1).   

𝑀 = 𝑀𝑠 [coth (
𝜇𝐻

𝑘𝑏𝑇
−

𝑘𝑏𝑇

𝜇𝐻
)]   (1) 

where M is the sample magnetization, μ is the magnetic moment, 𝐻 is the magnetic field (𝑇), 
kB is the Boltzman constant which has a value of 1.38 x 10-23 J/K and T is the room 
temperature (𝐾). The magnetic parameter values are divided into several variables, namely 
saturation magnetization (𝑀𝑠), remanent magnetization (𝑀𝑟), and coercivity field (𝐻𝑐). 
Through the magnetic data parameters above, the magnetic domain diameter (D) value can 
also be calculated as in equation (2). 

𝐷 = (
18𝐾𝐵𝑇

𝜋

𝜒𝑖

𝜌𝑀𝑠
)

1

3
   (2) 

where 𝜒𝑖 is the initial susceptibility of the sample, ρ is the particle density (obtained from the 
Rietica output) and Ms is the saturation magnetization (emu/g). Particle size data through 
equation (2) are also shown in Table 3. 

Table 3. List of Outputs for Equation (1) and Equation (2) 

Parameter MIONs – M MIONs – N 

Ms (emu/g) 49,508 ± 0,118 26,543 ± 0,084 

Mr (emu/g) 0,016 ± 0,003 0,074 ± 0,003 

Hc (T) 0,031 ± 0,001 0,035 ± 0,001 

χ (emu/g.T) 0,029 ± 0,006 1,074 ± 0,041 

D (nm) 1,754 x 10-9 1,898 x 10-7 

μ (J/T) 7,275 x 10-24 5,025 x 10-19 

Table 3 shows that the 𝑀𝑟 and 𝐻𝑐 values of both samples are very low. It can be concluded 
that the MIONs - M and MIONs - N samples have characteristics as superparamagnetic 
materials. This result is supported by the research results reported by Karaagac and Köçkar 
[27], they claim that superparamagnetic particles have coercivity field values close to zero. 
Based on the Langevin equation, the 𝑀𝑠 of MIONs - M sample is 49.508 ± 0.118 emu/g and 
the MIONs - N sample is 26.543 ± 0.084 emu/g. This magnetization shows that the MIONs - 
M sample has a higher magnetization capacity than the MIONs - N sample. In addition, the 
calculation of the magnetic moment also shows a significant difference between the two 
samples, the MIONs - N sample has a much larger magnetic moment (5.025 x 10-19 J/T) 
compared to the MIONs - M sample 7.275 x 10-24 J/T). This difference indicates that in the 
single domain area the smaller the particle size, the smaller the saturation magnetization 
value. Furthermore, through the equation used to calculate the magnetic domain diameter, it 
is found that the diameter of the MIONs-M magnetic domain is around 1.754 x 10-9 nm, while 
the diameter of the MIONs-N magnetic domain is around 1.898 x 10-7 nm. When the diameter 
of this magnetic domain is compared with the XRD test results, the value is relatively smaller.  
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The difference in value is caused by the XRD and SEM characterization using the bright-field 
method through the assistance of an electron beam to capture the morphology of 
nanoparticles so that the particle size is relatively larger while the VSM test uses the dark-
field mode [24]. This phenomenon is reinforced by the findings of Anushree and Philip [28], 
which states that the particle size using dark-field mode such as VSM will produce a relatively 
smaller nano-crystalline Ni-Cu Alloy size compared to bright-field SEM mode [12]. In 
previous studies, iron oxide-based magnetic nanoparticles such as Fe3O4 have been 
extensively studied because of their unique properties, such as very low remanent 
magnetization and field coherence values so that they can be categorized as 
superparamagnetic materials. In addition, research by Dias et al. [29] confirmed that the 𝑀𝑠 
of superparamagnetic nanoparticles is highly dependent on particle size, with smaller 
particles tending to have lower Ms values.  

These results are in line with the findings in this study where MIONs - N which have smaller 
particle sizes compared to MIONs - M have lower Ms values compared to MIONs - M. This 
is due to the more dominant surface effect on particles with smaller sizes. This characteristic 
is very important and interesting to apply in the application of several fields of nanomaterials 
and nanotechnology. Furthermore, research by Verma et al. [30] highlights only the potential 
applications of magnetic nanoparticles, particularly in biomedical fields. Specifically, the 
study suggests their potential for use in magnetic field-based drug delivery systems (DDS) 
due to the significant role of magnetic moment and particle size. However, this does not 
confirm direct application of the authors' research but rather indicates its prospective utility 
in such systems. 

Conclusion 

The results of the analysis of the elemental composition, morphology, and crystal structure 
of Magnetic Iron Oxide Nanoparticles (MIONs) show several important findings that 
improve our understanding of the characteristics of magnetite materials. The composition of 
iron (Fe) dominates the content of MIONs – M and MIONs – N samples. This indicates that 
MIONs – M and MIONs – N samples are pure iron-based materials that are important for 
magnetic applications. Titanium (Ti) is detected in the MIONs-N sample with an impurity 
level of 5.07% and silicon (Si), calcium (Ca) manganese (Mn) is present in both samples, which 
may influence their functional magnetic properties. Differences in phosphorus (P) and 
calcium (Ca) contents also indicate potential variations in the synthesis process or raw 
materials. SEM characterization reveals that MIONs particles tend to have a spherical shape 
and experience agglomeration.  

The particle size distribution of MIONs – M has an average size of about 120 nm while MIONs 
– N is in the range of 30 nm. XRD data analysis shows that the Fe3O4 particle structure pattern 
has a spinel structure phase that is in accordance with the AMCSD 0000945 model data. The 
MIONs - M sample has a larger peak width than the MIONs - N sample so that the 
crystallinity size of the MIONs - M sample is larger than that of MIONs - N. Calculations 
using the refinement and Debye-Scherrer methods show that the crystallinity size and density 
of the MIONs - M sample have larger values than those of MIONs - N. Thus, the chemical 
synthesis method produces smaller morphology and magnetization than the mechanical 
method. This is important to be a reference in designing the mechanical and magnetic 
properties of natural iron sand-based samples for the development of nanomaterial and 
nanotechnology studies. 
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