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Abstract

The magnetization of iron sand from Anoi Itam beach, Sabang, Indonesia, was investigated through sample test-
ing and synthesis using the co-precipitation method. The purpose of this study is to analyze the magnetic proper-
ties of iron sand and review its potential in photocatalytic processes. Before being synthesized, the natural iron
sand was separated and milled. The iron sand was dissolved in 37% v/v HCI, stirred, and heated for 30 min. This
solution was filtered and precipitated with 6.5 M NH4OH while stirring and heating for 30 min. The magnetite
formed was washed repeatedly with distilled water until it reached a normal pH, and then dried. Magnetite char-
acterization tests were performed using XRF, XRD, VSM, and UV-Vis spectroscopy. The test results showed that
the iron sand had a high magnetic quality with a concentration of 91.17% after the synthesis process. The result-
ing magnetite phase structure had a spinal inverse cubic shape, with the highest peak at the Miller index (311).
From the VSM test, it is known that the resulting magnetite exists in a soft magnetic form with superparamagnet-
ic groups. From optical absorption, magnetite has a gap energy of approximately 2.8 eV. It can be concluded that
the magnetite from Anoi Itam Sabang has potential as a photocatalytic absorbent in the visible light wavelength
region.
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1. Introduction and engineering. Various types of research have
been carried out in improving the quality of iron
sand. One of them is by making iron sand in na-
nometer size. Through various preparation tech-
niques, it has been informed through journals
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The study of iron sand has attracted the in-
terest of scientists both in the fields of science
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nals and international scale journals. There is
research on the synthesis of Fe2Os from iron
sand using the hydrochloric acid dissolved met-
al method [1], synthesis of iron sand on the
study of crystal structure and dielectricity of
nanoparticles magnetite based on Zn2* iron
sand doped synthesized by the co-precipitation
method [2], synthesis and magnetic properties
of FesO4-Montmorillonite nanocomposites
based on temperature variations [3]. Other
studies also discuss magnetic iron oxide nano-
particles: synthesis and surface coating tech-
niques for biomedical applications [4], synthe-
sis of Fes0s4 nanoparticles and their magnetic
properties [5] and synthesis and characteristics
of black, red and yellow nanoparticles from iron
sand [6].

The existence of iron sand in Aceh Province
has been studied to predict the content of min-
eral compounds. Several studies have shown
that iron sand has the potential to be used in
producing magnetite nanoparticles [1,7-13].
Preparation of nanoparticles that have been de-
veloped in FesO4 powder has been carried out
using the co-precipitation method [14-18],
spray pyrolysis method, forced hydrolysis
method, iron hydroxide reduction oxidation re-
action method, iron hydroxide microwave irra-
diation, iron(III) nitrate combustion, micro
emulsion techniques and hydrothermal prepa-
ration techniques [16]. Apart from the co-
precipitation method, all of these methods can-
not be used on a large scale due to low synthe-
sis results, clumping formation and non-
uniform size distribution.

The co-precipitation synthesis method is the
method chosen in this study because the syn-
thesis 1s the most commonly used to produce
magnetic nanoparticles. This co-precipitation
synthesis method is an easy method to produce
large quantities of magnetic particles [19]. No
special stabilizing agent is required during the
synthesis process and the product can be dis-
solved in water which is promising for environ-
mentally friendly applications [15].

From several studies, magnetite (Fe30O4) has
been used to form composites with TiOz parti-
cles due to its high magnetic properties, low
toxicity and biocompatible in living tissues [20—
26]. In addition, Fe3Os4 nanoparticles have a
small energy band <3 eV so they can be used in
the photocatalyst process. Another advantage
of FesOs nanoparticles with the addition of
TiO2 particles is that they can slow down the
formation of recombination between holes and
electrons in FesO4 nanoparticles in the photo-
catalytic process [27,28].

The ability of TiO2 photocatalysts in the Ul-
traviolet region (A < 400 nm) is very good but
the ability to absorb it is low in visible light
[29]. This causes the mass transfer of TiO2 to
be limited in the photocatalytic degradation
process, thereby reducing the effectiveness of
TiO2 in water treatment. As a result, the affini-
ty for organic pollutants is weak; their absorp-
tion is low, resulting in a slow photocatalytic
degradation rate. In addition, there are also
challenges in the process of recovering TiOs
particles from water treatment both from the
economic and safety fields [30]. Several studies
by forming TiO2 composite nanoparticles with
magnetic [31-33]. The results obtained from
the magnetic-TiO2 photocatalyst present an in-
crease in separation properties when an exter-
nal magnetic field is used [34]. This makes the
photocatalyst material recoverable due to its
magnetic properties such as superparamag-
netism [35-37].

Therefore, the study of the magnetic proper-
ties of iron sand from Sabang needs to be in-
vestigated as a material that plays an im-
portant role in the photocatalytic process. An-
other cause, namely the abundance of magnet-
ite in iron sand, has not been supported by ef-
forts to optimize this material, so this study is
important in improving the functional quality
of this iron sand.

2. Materials and Methods
2.1 Materials and Tools

Iron sand was collected from Anoi Itam
Beach in Sabang, Aceh Province, Indonesia.
HCl (87% v/v) from Merck, NH40H from
Merck, and Aquades produced from Merck Mil-
lipore Ultrapure (Type 1) water. The equip-
ment used was a 100 mesh sieve, scales, bar
magnets, ball mill with a Planetary Mill
(Fritsch, P6), Erlenmeyer, magnetic stirrer, fil-
ter paper, pH meter, mortar, and oven.

2.2 Magnetite Nanoparticle Synthesis

The co-precipitation method is used in the
synthesis of magnetite nanoparticles because
the simple synthesis process does not require
high temperatures or lower research costs.
Here are the stages: In the first stage, Iron
Sand is first washed thoroughly with distilled
water and then dried. The iron sand was then
separated from the non-magnetic material us-
ing a bar magnet with five repetitions and
sieved. In the next process, the iron sand was
ground with a Ball Mill with a ball-to-sand ra-
tio of 5:1 with a rotating speed of 350 rpm
(rotations per minute) for 5 h.
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In the second stage, 20 g of milled iron sand
was weighed, mixed with 50 ml of HCIl in an
Erlenmeyer flask, stirred with a magnetite stir-
rer at a rotational speed of 800 rpm, and heat-
ed at 80 °C for 30 min. After the iron sand was
dissolved, it was filtered through a filter paper.
The filtered solution was then mixed with 6.5
M NH.OH at a ratio of 1:5. This solution was
stirred using a magnetite stirrer at a rotational
speed of 800 rpm and heated at 80 °C for 30
min. The same was also done for other varia-
tions of magnetite, which was rotated at 900
rpm and 1000 rpm. This precipitate formed
magnetite, which was then washed several
times with distilled water and once with etha-
nol. The acidity of the solution was measured
using a pH meter if it reached a normal pH of
7. When the normal pH was reached, the mag-
netite was filtered and dried in an oven at 100
°C for 1 h. The dried sample was dark black
and hardened, and then the magnetite sample
was ground using a mortar and pestle.

2.3 Characterization of Magnetite Nanoparti-
cles

The chemical compounds on the iron sand
and magnetite were measured using XRF Pan-
alytical type Minipal 4, and the phase structure
was investigated using XRD (Shimadzu MAXi-
ma). Furthermore, the optical absorption of
magnetite was determined using by Vis spec-
trophotometer (Shimadzu UV-1280). Finally,

the magnetic properties of iron sand and mag-
netite were observed using a Vibrating Sample
Magnetometer (Oxford YSMI.2H). For the
VSM test, the samples were cut to a size of
2x2x2 mm and then weighed less than 10 mg,
as the optimum function of the sensor system
on the VSM. The sample was then placed in a
small container and inserted into the sample
holder rod. For hysteresis measurements (M
versus H), the measured data are the magneti-
zation data as a function of a given external
magnetic field.

3. Results and Discussion

The magnetite properties of iron sand from
Anoi Itam, Sabang were successfully synthe-
sized by the co-precipitation method. The ele-
mental and compound contents of the iron sand
were identified using XRF, and the test results
are shown in Table 1.

Table 1 shows that the dominant elements
are Fe and Ti, along with their compounds
Fe203 and TiO:. An increase in the total con-
centration of Fe from each treatment (PBA,
86.22%; PBM, 90.44%; and PBI, 91.17%. How-
ever, it 1s different from the total concentration
of Ti, which decreased from 6.08% to 4.31% af-
ter the synthesis process. However, the concen-
trations of Si, Al, and Br were lost after the
synthesis process. Likewise, the concentrations
of other elements decreased after processing by
separation, grinding, and synthesis. The crys-

Table 1. Percentage of concentrations of elements and compounds in Anoi Itam Sabang iron sand.

Total concentration (%)

Total concentration (%)

Element PBA PBM PBI Compound PBA PBM PBI
Al 2 0 0 Al:O5 3 0 0
Si 1.6 0 0 Si0, 2.7 0 0
p 0.31 0.26 0.25 P05 0.54 0.46 0.46
Ca 0.52 0.42 0.36 CaO 0.54 0.45 0.38
Ti 6.08 5.22 4.37 TiO; 7.43 6.49 5.46
A\ 0.44 0.42 0.44 V205 0.57 0.56 0.58
Cr 0.1 0.23 0.2 Cr203 0.1 0.25 0.22
Mn 0.53 0.47 0.47 MnO 0.48 0.43 0.44
Fe 86.22 90.44 91.17 Fes0s 83.15 89.37 90.37
7n 0.09 0.08 0.09 7n0 0.07 0.07 0.08
Br 0.33 0 0.37 Br 0.22 0 0.25
Rb 0 0.49 0.45 Rb:0 0 0.36 0.33
Eu 0.79 0.86 0.87 Eu20s 0.63 0.71 0.71
Re 0.3 0.3 0.2 ReOy 0.2 0.3 0.2
Bi 0.83 0.8 0.75 Bi20s 0.6 0.6 0.56
Note:

PBA: Natural iron sand
PBM : Iron Sand sieved + separated + milled

PBI : Iron Sand sieved + separated + milled + synthesized by co-precipitation method.
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tal structures of the iron sand and magnetite
were examined using XRD, as shown in Figure
1.

Based on Figure 1, natural iron sand and
magnetite have the same crystal structure,
namely spinal inverse cubic with reference data
JCPDS 00-019-0629. Based on the reference
data, four peaks appeared for iron sand and
five peaks appeared for magnetite. There was a
significant change in the sharpness of the re-
sulting peaks; when it was still in the form of
natural iron sand, the highest and sharpest
peaks were observed at the Miller index (511),
whereas after the synthesis process from iron
sand into magnetite, the highest and sharpest
peaks were observed at the Miller index (311).
However, several other peaks were present in
this chart. Based on the XRF results of identi-
fying the presence of elements and compounds,
it was found that the peak positions matched
for Vanadium Pentoxide (V20s5) and manganese
oxide (MnO) compounds. The presence of the
Vanadium Pentoxide peak remained even
though the iron sand was treated and pro-
cessed into magnetite, whereas the wide man-
ganese oxide peak at the beginning of the pro-
cess became undetectable when the stirring
speed was increased.

The crystal size can be calculated using the
Scherer equation, and it was found that the
range of crystal size values in iron sand varies
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Figure 1. XRD pattern of iron sand and mag-

netite from Anoi Itam, Sabang.

Table 2. The average crystal size of iron sand
and magnetite from Anoi Itam Sabang.

Average crystal

No Sample size (nm)
1  Natural iron sand 80.33 + 36.76
2 Iron sand sieved 16.24 £ 14.7
3 Fes04 800 rpm 13.97 +1.17
4 Fe304 900 rpm 11.98+1.35
5 Fes04 1000 rpm 14.03 £ 1.88

greatly, from 16.24 to 80.33 nm. In magnetite
form, the crystal size was found to be more uni-
form, from 10.77 to 16.23 nm. The calculation
of the average value of the crystal size with er-
ror is shown in Table 2

Based on Table 2, it can be seen that the
crystal sizes of natural iron sand, milled iron
sand, and magnetite with variations in stirring
speed are below 100 nm. Under the condition
that is still in the form of natural iron sand,
the crystal size is very diverse, as indicated by
the high error value obtained. When iron sand
is separated from non-magnetic materials and
added to the grinding process, the crystal size
decreases, and the error is not too high. After
synthesizing iron sand into magnetite using
the co-precipitation method, the crystal size be-
came more uniform and smaller, as indicated

A) 60

40

0.2 0.4 0.6 0.8 1

Momen Magnetik M (emu/g)

-40

-60

-80
H(T)
PBA PBM ——PBI800 ——PBI900 ——PBI 1000
70 +
50 4
91 ®
8 50 -
2
= 40 o
=
@
B 30 -
2
£ 20 -
5
s 10 -
0 r T T ]
0 0.05 0.1 0.15 0.2
H(T)
PBA PBM ——PBI 800 ——PBIG00 —— PBI 1000
60
g () 10 -
: e
< TS
= —
E - - _/-"',"J
.01 -0.08 0.05 0.1
3 ;
= -20 4
g
2 40 4
=
60 4
H(T)
PBA ——PBM ——PBI 800 ——PBIS00 ——PBI 1000

Figure 2. M-H hysteresis curve of iron sand
and magnetite from Anoi Itam, Sabang.
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by the low error value obtained at stirring
speeds of 800, 900, and 1000 rpm. The magnet-
ic properties of iron sand and magnetite were
also studied using VSM, and the results are
shown in Figure 2, where PBA is natural iron
sand, PBM is separated and milled iron sand,
and PBI is iron sand synthesized by the co-
precipitation method at stirring speeds of 800,
900, and 1000 rpm.

Based on the M-H relationship in Figure
2(A), the hysteresis pattern of iron sand and
magnetite can be observed, where M 1is the
magnetic moment and H is the magnetic field.
There are 3 things that can be observed from
the shape of the M-H curve: saturation magnet-
ization (Ms), remanent magnetization (Br), and
coercivity field (He). The saturation magnetiza-
tion (Ms) can be obtained from the saturation
value achieved by magnetization from a given
increase in the value of the magnetic moment
(M). This indicates that the magnetic spins in
the material are unidirectional. Based on Fig-
ure 2(B), it is known that natural iron sand and
milled iron sand have higher Ms Values than
the synthesized iron sand. As shown in Table 3,
the highest Ms value was obtained at 66.626
emu/g from natural iron sand, and the lowest
from iron sand synthesized at a stirring speed
of 1000 rpm was 32.4254 emu/g. The remanent
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Figure 3. Optical absorption of 0.1% w/v mag-
netite in 3 M HCI solution for variations in so-
lution stirring speed 800, 900 and 1000 rpm.

magnetization (Br) can be determined from the
residual magnetization value when the mag-
netic moment (M) is removed or is zero (0).
From Figure 2(C) and Table 3, it can be seen
that the highest residual magnetization value
is in milled iron sand, and the lowest is in iron
sand synthesized at 1000 rpm. While the value
of the coercivity (Hc) field is obtained from the
value of the magnetic field (H) which is zero or
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Figure 4. Gap energy of magnetite using Touc

Plot method for variation of stirring speed (A)

800 rpm, (B) 900 rpm, (C) 1000 rpm.

Table 3. Magnetic properties of iron sand and magnetite from Anoi Itam, Sabang.

Sample Ms (emu/g) Br (emu/g) He (T)
PBA 66.626 9.826 0.0205
PBM 54.3669 21.7173 0.0767
PBI&00 33.5143 9.2283 0.0251
PBI900 37.7407 9.7531 0.0218
PBI1000 32.4254 8.86 0.0234
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the field to remove Br. Based on Figure 2(C)
and Table 3 it can be seen that the highest He
value is in milled iron sand and the lowest Hc
value is in natural iron sand. The low He value
indicates that the resulting iron sand and mag-
netite are soft magnetic type. Based on the ob-
tained VSM data, there are differences in the
magnetic values of the materials for variations
in stirring speed of 800, 900 and 1000 rpm for
Ms, Br and Hc values. This is related to the
size of the magnetite crystals formed and can
be explained by the theory of magnetic domains
[18]. In addition, optical absorption testing of
magnetite was also carried out using a UV-Vis
spectrophotometer. The test results are shown
in Figure 3. This test was carried out on varia-
tions of magnetite which were given a stirring
speed of 800 rpm, 900 rpm, and 1000 rpm.
From Figure 3 it is shown that optical absorp-
tion in magnetite occurs from a wavelength of
400-500 nm. A change in the optical absorption
value in that wavelength range indicates that
there is a transition of electrons in the energy
gap.

Analysis for the gap energy value of this
magnetite is shown in Figure 4. In Figure 4,
there are 3 graphs of the band gap energy of
0.1% b/v magnetite in 3 M HCI for variations in
stirring speed using the Touc Plot method and
the regression equation and its determination
value are included. With the extrapolation
used, we get a magnetic gap energy value of
around 2.8 eV. From the regression equation, it
has a determination value of R2 close to 1
which is categorized as strong.

In determining the magnitude of the band
gap energy, based on the regression equation,
the values shown in Table 4 can be obtained. In
Table 4, the analysis of the Touc Plot method
with the indirect band gap formula is used for
electron transition values. The band gap energy
value indicates the location of the sudden
change in absorbance between the ultraviolet
and visible regions. This change in optical ab-
sorption value indicates a transition of elec-
trons from the valence band to the conduction
band. The magnitude of this band gap energy is
related to the wavelength of the photon. That
is, the amount of light energy imparted to the

material at a certain wavelength, the energy
gap is equivalent to the width of the gap in the
material.

From the testing of iron sand and magnet-
ite, it was obtained that the concentration of Fe
increased after the synthesis process. The
same result was shown by Rahmawati et al.
[12], which after the synthesis process with co-
precipitation and sonication methods there was
an increase in the concentration of Fe. The
presence of non-magnetic material also de-
creases the level of concentration. From the
process of separation and grinding of the iron
Anoi Itam sand of Sabang, it showed better
crystalline properties and was followed by the
synthesis process. This is in accordance with
the study of Jalil et al. [7], which obtained fine
sand from iron sand. The existence of a gap en-
ergy value in Magnetite is in the value of 2.8
eV which can be optimized in the photocatalyt-
ic process at the wavelength of visible light
when it is composited with TiO2 as the photo-
catalyst.

There have been several photocatalytic
studies of Fe30.@TiO2 materials in the form of
core-shells and Polyvinyl Pyrrolidone (PVP) as
nanocatalysts in the degradation of Congo red
textile dyes which have been successfully car-
ried out. The results showed that the contribu-
tion of the addition of FesOs concentration
could be observed in changes in sample grain
size. The higher concentration of FesO4 can in-
crease the percentage of Congo red dye degra-
dation [38].

4. Conclusion

The magnetite properties study of iron sand
from Anoi Itam, Sabang were successfully syn-
thesized by the co-precipitation method. The
synthesis process has been chosen for varia-
tions of the magnetite stirring speed of 800
rpm, 900 rpm and 1000 rpm. Tests on iron
sand and magnetite have been carried out us-
ing XRF, XRD, VSM and UV-Vis spectropho-
tometers. The increase in magnetic yield was
found after the preparation of natural iron
sand and the synthesis process using the co-
precipitation method. Magnetite crystal size is
also in the range of 11-14 nm and the maxi-

Table 4. Band gap energy of magnetite 0.1% w/v in 3 M HCl1 37 % v/v.

No. Variation of stirring speed magnetite (rpm)

Regression equation

Band gap energy (eV)

Magnetite 800 rpm
Magnetite 900 rpm
3 Magnetite 1000 rpm

Y =3143 X - 8873 2.823099
Y =2859.5 X — 8092.2 2.829935
Y =2956.3 X — 8410.4 2.844907
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mum Miller index is at the (311) peak. Magnet-
ic studies from the VSM test show that the re-
sulting magnetite is categorized as soft mag-
netic in the superparamagnetic group. Mean-
while, from the optical absorption value, this
magnetite has the potential to be used in the
photocatalytic field.
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