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Abstract: Iron sand generally contains minerals such as ilmenite, magnetite, and hematite. Based on the results
of previous tests, the main composition of iron sand in Rhee, Sumbawa regency, is magnetite. One method to
increase the Fe content in iron sand is by pre-treatment with NaOH. NaOH is also used to precipitate heavy
metals in a mineral. In this study, three variations were carried out with the ratio of NaOH: iron sand, namely: 1:
4,2: 4, and 3: 4 at a temperature of 300 C. Furthermore, the calcination results were followed by the synthesis of
Fes04 nanoparticles using the coprecipitation method. The results of the XRF characterization showed an
increase in Fe levels after being processed by the alkalization treatment. The highest concentration was obtained
in 1:4, with a Fe percentage of 91.1%. The results of the XRD characterization showed that the synthesis of
Fes04 was successfully carried out with single phase FesO4 amlording to the data reference 96-9005839 forms
and the space group F d -3 m. Crystal size analysis Using the Debey-Scherrer equation, the respective sizes were

12.7 nm, 8.71 nm, and 9.76 nm, respectively.
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INTRODUCTION

One of the abundant natural resources in
Indonesia is iron sand, which can be found on a beach
north of Sumbawa, West Nusa Tenggara. Generally,
iron sand contains some valuable minerals, including
the mineral ilmenite FeTiOs, magnetite (FesO4), and
hematite (Fe;Os3)[1]. However, each area containing
iron sand has its content and composition, such as the
Banten area, primarily composed of ilminate minerals.
Meanwhile, Lumajang, Tulungagung, and Sumbawa
NTB mainly comprise magnetite minerals.

Nowadays, extensive study is being carried out
on Fe30s nanoparticles because FesOs has unique
properties like superparamagnetic in nanosize. This
nature has developed into fundamentals that can be
applied in a variety of fields, such as drug delivery
system agents (DDS) [2], radar absorption [3],
supercapacitors [4], photochatalitic[4], and magnetic
sensors [5,6].

Several methods for producing FesOs
nanoparticles exist, including sol-gel [7], hydrothermal
[8], coprecipitation[9], and sonochemistry [10,11].
The coprecipitation method is one effective method of
producing FesO. nanoparticles. Besides being quickly
done, it can be carried out in an atmosphere with
controlled temperatures [12]. Using the coprecipitation
approach, we could generate nanoparticles with
particle sizes ranging from 3 to 20 nm from ferrous
and ferric salts in a hydroxide medium under various
conditions [13].

Consider that a broad application requires
synthesis to obtain the purity phase. The attempt
purification can be accomplished using a method
known as alkaline treatment with NaOH. NaOH can

precipitate heavy metals and control water acidity [13,
14]. In the previous study of TiO, extraction from iron
sand, Banten used the method of fusion caustic, which
consists of reacting iron sand with targeted NaOH to
break the bond Fe-Ti-O compound in ilmenite and
form frits [15]. Furthermore, purified iron using an
alkalization method. The results showed that the
impurities of the elements Si, P, and Al were
successfully eliminated at a NaOH concentration of
5M and a sintering temperature of 250C. The higher
the NaOH concentration utilized, the higher the iron
production rate [16].

Based on the description above, this will be
done in research with enhancement rate iron on iron
sand with method alkalization. This will define the use
of XRF to determine the percentage composition of
iron due to alkalization. The XRD characterization
then seeks to determine the system crystal, purity
phase, and crystal size. X-rays from the diffraction
method can describe grid parameters, structure types,
the arrangement of different atoms in the crystal,
crystal imperfections, orientation, grains, and size
items [17].

RESEARCH METHODS
Materials

The materials used in this research were iron
sand from Sumbawa, sodium hydroxide(NaOH),
ammonium hydroxide (NH40H), and distilled water.

Sample Preparation

The procedure begins with separating iron
sand from soil using permanent magnets. Prepare 20
grams of iron sand and 5, 10, and 15 grams of NaOH
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for alkalization. The alkalization process is carried
out by mixing NaOH with iron sand, called the
caustic fusion process. The cutting fusion process is
carried out to break down impurity minerals in iron
sand. This process was carried out at a temperature of
300C for 60 minutes.

Furthermore, water leaching is carried out for
30 minutes at temperatures 75C to decompose NaOH
from iron sand. In the final step, the iron sand is
filtered and dried. Use the oven for 1 hour at a
temperature of 100C.

Synthesis of Fe304 nanoparticles

The coprecipitation approach was used to
synthesize Fe304 nanoparticles in HCL solvent. At
room temperature, 20 grams of iron sand reacted with
60 ml HCL on a magnetic stirrer for 30 minutes.
During the process, the NH4OH solution was
continually lowered until a precipitate of Fe304
nanoparticles formed. The residue is then rinsed with
distilled water until the pH is neutral. Furthermore,
the Fe304 residue was dried at 100°C for 1 hour. The
following equation describes the reaction of the
Fe304 from the iron sand production process [18]:
FesO4+ 8HCL - 2FeCl;s + FeCl, + 4H,0 (1)

2FeCl; + FeCl, + 4H,0 + 8NH4OH-> FesOs +
8NH4CI + 7H,0 2)

Material Characterization

The X-ray fluorescence (XRF) technique is
used to analyze the element composition on iron
sand, and the X-ray diffraction (XRD) technique is
used to study crystal size, phase, structure, and grid
parameters—PANalytical Type X’Pert Pro XRD
characterization).

RESULTS AND DISCUSSION
XRF (X-Ray Fluorescence) Analysis

XRF characterization was carried out to
determine the composition and levels of elements
contained in iron sand before and after NaOH
treatment. This identification technique is based on X-
ray counting, which occurs due to photoelectricity.
Based on the characterization results of each
variation, as shown in Table 1.

Table 4.1 shows the XRF characterization
results of iron sand samples with alkalization and
without alkalization. The result indicates that the
composition of the Fe element in the model was as big
as 82.60% at the beginning. Meanwhile, the
composition element Fe with alkalization experiences
increasing and successfully as big as 91.1%, 90.62%,
and 90.55%. Based on the characterization of the
results, the use of optimal alkalization in research is
variation 1:4. The Ca, Ti, and P elements have been
successfully reduced in composition. Based on Table
4.1, it can also be seen that results alkalization can
reduce rate impurities in iron sand; even Al, Si, and K
content of around 5.6% was successfully removed in a
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way overall on each variation alkalization. With loss
impurity in a way, direct Fe levels will increase.
Ascension marks Fe content of sample beginning to
sample with variation acquisition highest own range
of 8.50%. Based on the results, we can conclude that
alkalization effectively increases iron composition in
iron sand. Content iron Rhee Beach Sumbawa is
classified as tall, which is as big as 82.60%, different
from the rate iron sand found in the Tulungagung area
content iron (Fe) by 86% [1].

Table . XRF characterization of iron sand treatment
outcomes alkalization

Composition (%)

Element Without

Treatment 1:4 2:4 3:4
P 0.46 0.2 0.2 0.2
Ca 1.74 0.66 1.08 1.14
Ti 6.09 4.46 4,78 4.88
\V 0.54 0.47 0.33 0.28
Cr 0.099 0.099 0.11 0.098
Mn 0.67 0.78 0.72 0.71
Fe 82,60 91.10 90.62 90.55
Zn 0.08 0.06 0.07 0.05
Rb 0.38 0.57 0.50 0.54
Eu 0.57 0.63 0.64 0.63
Re 0.3 0.3 0.20 0.2
Ms 0.76 0.74 0.76 0.73
Al 3 - - -
Si 2.6 - - -
K 0.13 - - -
Other 0.26 - - -

XRD (X-Ray Fluorescence) Analysis
Analysis of crystal structure

The phase, size Kristal, structure crystal, and
lattice characteristics of Fe304 nanoparticles were
determined by XRD characterization. The XRD
analysis findings are processed using the X’pert
application Highscore Plus to acquire data about the
structural crystal. The data is validated using
Crystallography Open Database (COD) as the grid
database reference crystal. The XRD test results were
charted using pattern diffraction, as shown in Figure
1.

Figure 1 Represents the results of the XRD
characterization of samples of Fe;O. nanoparticles.
The XRD data indicate polycrystalline in a
qualitative study. Peak diffraction from a piece
discovered in 20: 30.16 0, 35.52 0, 43.17 0, 57.11 0,
and 62.71 0, each with mark field crystals (220),
(311), (222), (400), (422), and (511). Based on the
corners created and the matching with the field
crystal, we may look for a new peak so the resultant
magnetite has a high purity. This result is also
supported by previous XRF testing with Fe content
above 90%. Besides that, Fe levels also affect the
intensity of the resulting diffraction. The sample with
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variation 1; 4 shows more tall peaks than the two
models. High intensity shows that the crystal has its
regularity. Good crystal or degrees the crystal higher
and higher, and many atoms are arranged orderly and
neatly. Quantitative analysis may be performed with
several XRD findings approaches, including using
various software, one of which is HSP. HSP analysis
with code reference 96-9005839 reveals a pattern of
diffraction magnetite that is a 100% match. Based on
the data, magnetite has a crystal system Cubic and a
shaping room group Fd-3m [19]. The cubic spinel
structure FesO4 can be illustrated in Figure 2.
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Figure 1. Diffraction pattern Fe;O4
Nanoparticles.
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Figure 2. Cubic structure of magnetite nanoparticles.
The mineral Fe304 cubic spinel system atoms are
arranged as Fe?*, Fe®*, and oxygen. In a sense, Fe?*

and Fe®* will bind oxygen in the tetrahedral and
octahedral regions. [20].

Crystal Size Analysis
The analysis of the size of the deck crystal is

done using the Debye-Scherrer equation [21]:
K.A

= BCosB
3)
D represents the crystal size, K is a constate (0.9), B
is the width at half maximum, and 6 is the diffraction
angle.
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The FWHM value at the highest peak can be
used to calculate crystal size. The prominent peak is
created at a blade angle of 35 degrees based on the
diffraction pattern of Fe304 nanoparticles. The
results are shown in Figure 3.
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Gambar 3: Fitting FWHM pada puncak utama
nanoparticle Fe304

Based on Figure 3, the analysis qualitatively
showed a higher diffraction peak and a smaller peak
width in sample 1:4. In contrast, the peak height
decreased for samples 2:4 and 3:4, and the peek width
grew. The higher the peaks and the smaller the peaks
were displaced, the smaller the crystal size. The result
of the calculation of the crystal size using the debye-
Scheerer equation was the size of 12.7nm, 8.71 nm,
and 9.76 nm.

CONCLUSION

Studies on the impact of alkalization on iron
sand rate and the production of magnetite
nanoparticles based on iron sand have been
successful. Test results rate beginning sand Rhee iron
is obtained amounting to 82.60%. Meanwhile, the
characterization test results rate with treatment
alkalization received consecutive as big as 91.10%
(1;4), 90.62% (2:4), and 90.55% (3:4). Synthesis
magnetite nanoparticles have also succeeded with
method coprecipitation. Quantitative analysis was
performed using high score Plus (HSP), and data
successfully confirmed matching with reference code
96-9005839. Based on the matching results, single-
phase magnetite is obtained. Meanwhile, the crystal
size calculations were 12.7nm, 8.71 nm, and 9.76 nm.
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