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Abstract. Iron sand found in coastal areas in Sulawesi Selatan has not been optimally utilized. 

In this study, to analysis the mineral content of iron sand deposit, extraction, and characterization 

process were conducted. Iron sand was obtained from Bontokanang Village Takalar district and 

Tanjung Bayang Beach Makassar. Chemical composition analysis was performed of on samples 

by means of Tescan Vega3SB Scanning Electron Microscopy (SEM) coupled with Bruker 

Quantax System Energy Dispersive Spectroscopy (EDS). Analysis of the crystalline level and 

mineral composition were performed on the sample by using Rigaku MiniFlex II X-Ray 

Diffraction (XRD). The SEM-EDS analysis showed that iron sand in Bontokanang Village and 

Tanjung Bayang Beach was dominated by iron oxide (FeO) with concentration of 66,70 wt.% 

and 79,56 wt.%. The XRD analysis showed that iron sand from Bontokanang Village contains 

magnetite, chromium (VI) oxide, and aluminum oxide with concentrations of 59 wt.%, 30 wt.%, 

And 11 wt.%. While the iron sand from Tanjung Bayang Beach contains mineral iron silicon 

oxide and magnetite with concentrations of 77 wt.% And 23 wt.%. Iron sand deposit from 

Bontokanang Village and Tanjung Bayang Beach contain magnetite minerals that can be further 

explored and extracted as commercial minerals. 

1.  Introduction 

Iron is an element which is naturally associated with other elements such as nickel, cobalt, manganese, 

chromium, molybdenum, and titanium [1]. Iron could be found in nature either in the form of iron ore 

[2–4] or iron sand [5]. Iron sand is abundant resources in Indonesia and could be found in beach, river 

and volcanic mountains. 

The potential of iron in South Sulawesi is quite large. Iron ore potential can be found in District 

Bontocani. Its constituent minerals such as pyrite, hematite, magnetite, and also are found in minor 

amounts of molybdenum minerals [6,7]. While the potential of iron sand in South Sulawesi was located 

in the River Jeneberang, coastal of Bontokanang Village, Beach Tanjung Bayang, coastal of Jeneponto 

Regency and others that have not been optimally utilized. 
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Figure 1. Iron sand deposit in (a) Bontokanang Village Takalar District dan (b) Tanjung Bayang 

Beach Makassar. 

 

Iron sand contains magnetic minerals such as magnetite (Fe3O4), hematite (α-Fe2O3), maghemite (γ-

Fe2O3), ilmenite (FeTiO3), and titanomagnetite [8–10]. However, iron sand was not obtained the pure 

form in nature. There are some impurities such as Si, Ca, Mg, Al, etc. The magnetic minerals could be 

extracted or purified using magnetic separation as well as chemical separation [11,12]. Magnetic 

minerals can be used as the basic material for the production of toner [13], pigment [14], permanent 

magnet, and others metal industries. 

Research on iron sand mineral content using X-Ray Fluorescence (XRF) and X-Ray Diffraction 

(XRD) method has been done on iron sand from Tapunggaya, Southeast Sulawesi dominated by Fe2O3 

and followed by TiO2, MgO, SiO2 [15]. Analysis of mineral content iron sand by XRD method in Central 

Java from eight locations namely Srandil, Munggangharjo, Congot, Bayuran, Bandungharjo, Benteng 

Portugis, Pundenrejo, and Gunung Wungkal obtained magnetite and in minor composition hematite and 

ilmenit [16]. The similar study was also carried out at coastal areas at Syiah Kuala Beach, Banda Aceh. 

The iron sand was manually extracted with magnetic rod and characterized by XRD and XRF methods. 

The results showed that magnetic phase was dominant and the minor phase included TiO2 and SiO2 [17]. 

In this paper, analysis of the mineral content of iron sand deposit in Bontakanang village Takalar 

district and Tanjung Bayang beach Makassar Sulawesi Selatan will be reported. Scanning Electron 

Microscopy (SEM) method coupled with Energy Dispersive Spectroscopy (EDS) method was used for 

chemical composition analysis and XRD method for analysis of crystalline level and mineral 

composition. 

2.  Experimental 

2.1.  Materials 

Iron sand was obtained in coastal areas of South Sulawesi, Indonesia, namely in Bontokanang Village 

Takalar District and Tanjung Bayang Beach Makassar, in the depth of 5 cm from the precipitate surface 

of iron sand representatively. 

Some text.  

2.2.  Sample preparation 

Iron sand was cleaned of dirt and washed with aquadest. Then dried at room temperature. Subsequently, 

the sample was weighed of 5 g, extracted manually using magnet rod [18–21] 40 times, and crushed 

using mortar for 6 hours. 

2.3.  Characterization using Scanning Electron Microscopy-Energy Dispersive Spectroscopy (SEM-

EDS) method  

(a) (b) 
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The iron sand samples were characterized using Tescan Vega3SB SEM to investigate the morphology 

of material surfaces and particle distribution. This microscope works on the voltage of 20 kV using Back 

Scattered Electron (BSE) detector. This detector is sensitive to differences in chemical composition on 

the sample surface. Elemental testing with EDS was performed on a sample with Bruker Quantax 

System, where EDS Detector was equipped with the Esprit 1.9 software [22]. 

2.4.  Characterization using X-Ray Diffraction (XRD)  

Iron sand samples were characterized using X-Ray Diffraction (XRD) Rigaku MiniFlex II type. XRD 

measurements were done by powder method [22]. This XRD machine works on measurement conditions 

voltage of 30 kV, current of 15 mA, scan width of 0.02o, scan speed/duration time of 4o/min., and the 

scan range of 10o-70o. The qualitative analysis was done by search and match technique using PDXL2 

software coupled with ICDD card (International Center for Diffraction Data) ver. 2011. Quantitative 

analysis of weight percent (wt.%) of crystalline phase was tested by RIR (Reference Intensity Ratio) 

method [6]. Furthermore, XRD measurements are compared with elemental measurement results using 

EDS. 

3.  Results and Discussion 

Iron sand in Bontokanang Village, Takalar District and Tanjung Bayang Beach Makassar was obtained 

representatively, prepared sample and characterized by using SEM-EDS and XRD. Figure 1 shows that 

SEM image of iron sand samples from Bontokanang Village and Tanjung Bayang Beach were 

characterized using SEM Tescan Vega3SB type with 1000x magnification of the original size. Figure 1 

shows that the surface of iron sand samples from Bontokanang Village and Tanjung Bayang Beach is 

gray with different levels caused by differences in the composition of the constituent elements. While 

the distribution of grains of sand was not uniform size caused by crushing techniques. 

 

 

 

 

Figure 2. SEM image for iron sand samples from (a) Bontokanang Village Takalar District and (b) 

Tanjung Bayang Beach Makassar with the magnification of 1000x. 

 

The chemical composition analysis obtained from EDS analysis of iron sand samples from 

Bontokanang Village Takalar District and Tanjung Bayang Beach Makassar is shown in Table 1. Based 

on EDS analysis, iron sand deposit from Bontokanang Village dominated by iron oxide (FeO) with a 

concentration of 66.70 wt.%, as well as iron sand from Tanjung Bayang Beach dominated by iron oxide 

(FeO) with concentration of 79.56 wt.%. Other compounds with minor compositions are titanium 

(a) (b) 
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(TiO2), silicon (SiO2), aluminum (Al2O3), magnesium (MgO), sodium (Na2O), calcium (CaO), 

phosphorus (P2O5), and potassium (K2O). 

  

Table 1. The chemical composition of iron sand samples 

produced from two different places above. 

Oxide 

Mass percentage (wt%) 

Bontokanang 

Village 

Tanjung 

Bayang Beach 

Sodium (Na2O) 1.61 0.75 

Magnesium (MgO) 3.60 0.92 

Aluminium (Al2O3) 5.27 3.80 

Silicon (SiO2) 6.01 5.68 

Phosphorus (P2O5) 0.85 - 

Potassium (K2O) 0.19 0.08 

Calcium (CaO) 1.36 0.67 

Titanium (TiO2) 14.42 8.53 

Iron (FeO) 66.70 79.56 

 

The iron content is large enough caused by the extraction stage using magnet rod. The element of 

iron is attracted by the magnet rod so that the iron sand looks black [23–25]. This shows that iron sand 

has magnetic properties [26], namely ferromagnetic that can be pulled strongly by the magnet. Elements 

in minor compositions were obtained because it was also attracted to the iron when extracted. This shows 

that TiO2, Al2O3, MgO, Na2O, K2O has paramagnetic properties. While SiO2, CaO, P2O5 has 

diamagnetic properties. Table 1 also shows that these elements were derived from weathering of rocks 

at Lompobattang Volcano that is no longer active and carried by river currents to form alluvial deposits 

in the Jeneberang River area. At the lower reaches of the Jeneberang River, alluvial deposits were carried 

by the ocean currents and deposition occurs on the southern coast of Bantaeng District up to the west 

coast of Makassar. 

XRD analysis results using XRD tool Rigaku MiniFlex II type operating on voltage of 30 kV and 

current of 15 mA. Measurements were made in the range of diffraction angle (2θ) of 10o-70o. Figure 2 

shows that the diffraction pattern of iron sand samples from Bontokanang Village. In the samples were 

found three minerals with different compositions, namely magnetite (Fe3O4), chromium (VI) oxide 

(Cr2O3) and aluminum oxide (Al2O3). Figure 3 shows that iron silicon oxide (Fe5.36Si0.64O8) and 

magnetite (Fe3O4) were found in iron sand samples from Tanjung Bayang Beach Makassar. The results 

showed that in both research sites magnetite minerals were obtained. 

Mineral composition of iron sand samples based on XRD analysis with RIR method were shown in 

table 2. The magnetite mineral composition on the iron sand samples from Tanjung Bayang Beach is 

small. This is caused by more iron elements to form iron silicon oxide than magnetite. This result is in 

accordance with the SEM-EDS results obtained that the main element in the sample is iron. In addition, 

no mineral was obtained where the constituent elements are titanium. This is indicated by the crushing 

step carried out for 6 hours causing the minerals to be destroyed. Magnetite minerals (Fe3O4) are found 

in both research sites that can be further explored and extracted to obtain high purity magnetite, hence 

it can be used as commercial minerals. 
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Figure 3. The diffraction pattern of iron sand from Bontokanang Village, Takalar District. 

 

 

Figure 4. The diffraction pattern of iron sand from Tanjung Bayang Beach Makassar. 
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Table 2. Mineral composition of iron sand samples from 

Bontokanang Village and Tanjung Bayang Beach based 

on XRD analysis. 

Mineral 

Mass percentage (wt%) 

Bonto Kanang 

Village 

Tanjung 

Bayang Beach 

Magnetite (Fe3O4) 59 23 

Iron silicon oxide 

(Fe5.36Si0.64O8) 

- 77 

Aluminum oxide 

(Al2O3) 

30 - 

Chromium (IV) oxide 

(Cr2O3) 

11 - 

 

4.  Conclusion 

Analysis result of the mineral content of iron sand deposit in Bontokanang Village Takalar District and 

Tanjung Bayang Beach Makassar showed that iron oxide (FeO) was the major element with the 

concentration of 66,70 wt.% and 79,56 wt.%, respectively The magnetite of 59 wt.%, Chromium (IV) 

oxide of 30 wt.%, and aluminum oxide of 11 wt.% were obtained in iron sand samples of Bontokanang 

Village, while iron silicon oxide of 77 wt.% and magnetite of 23 wt.% were obtained in iron sand 

samples from Tanjung Bayang Beach. From both locations, the magnetite mineral was found to be 

potential as an industrial raw material. Therefore, further research is required to purify it. 
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