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Abstract. Takalar Regency has iron sand deposits along the coast. One of them is 

Sampulungan Beach, North Galesong District. In this study, an analysis of magnetic minerals 

of iron sand in Sampulungan Beach was carried out. The method used is X-Ray Diffraction 

(XRD). Measurements were made using the Rigaku MiniFlex II type XRD engine. An analysis 

of sample diffractogram using PDXL 2 software. The qualitative analysis using search and 

match techniques and adjusted to the 2011 version of the ICCD card. The quantitative analysis 

using the RIR method. The results showed that the dominant minerals contained in the iron 

sand of Sampulungan Beach were magnetite (Fe3O4) and rutile (FeTiO3). 

1.  Introduction 

Today, iron sand is one of the sources of magnetic minerals that are useful in industry. Iron sand can 

be easily found in coastal areas. Iron sand was formed due to weathering of rocks in the mountains, 

then undergoes transportation by river flows and sea waves so that sedimentation occurs in more 

gentle areas. Of course, this can happen because Indonesia is an area that was passed by the Pacific 

and the Mediterranean Circums, so it has many active volcanoes. 

Iron sand deposit, one of which was located in Sampulungan Beach, Takalar Regency, South 

Sulawesi Province. According to geological conditions, Sampulungan Beach was dominated by 

alluvium deposits and be located between two Jeneberang tributaries. The source of sedimentation in 

Sampulungan Beach comes from Baturape-Cindako volcanic rock formations and Lompobattang 

volcanic rock formations which are volcanic rocks that are rich in magnetite [1]. This iron sand 

deposit was marked by black sand on the coast of Takalar Regency, especially in Sampulungan Beach. 

The black iron sand contains elements of iron (Fe) and magnetic minerals which are the determinants 

of the potential and quality of iron sand. 

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

maghemite (γ-Fe2O3), and ilmenite (FeTiO3) [2-5]. But in nature, iron sand was obtained in an impure 

state, there are impurity elements such as titanium (Ti), silicon (Si), calcium (Ca), magnesium (Mg), 

aluminum (Al), vanadium (V) and so on. Magnetic minerals can be extracted or purified by magnetic 

separation method (rod magnet) and chemical separation [6-7]. 

1
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The method used to investigate the mineral content of iron sand is X-Ray Diffraction (XRD). 

Various studies have been carried out using the XRD method. Iron sand from Ambal Beach in 

Kebumen Regency contains minerals magnetite (Fe3O4), hematite (Fe2O3), magnetite iron magnesium 

chromium oxide (Fe, Mg)(Cr, Fe)2O4 [8]. Mineral sand iron content in Tanjung Bayang Beach, 

Makassar City obtained magnetite and iron-silicon oxide (Fe5.36Si0.64O8), while iron sand in Bonto 

Kanang Village, Takalar Regency was dominated by magnetite minerals [9-10]. In this study, it was 

reported the potential of magnetic minerals and the types of magnetic minerals contained in 

Sampulungan Beach, Takalar District using the XRD method. 

2.  Experimental 

2.1 Materials 

Iron sand was taken at 5 different points randomly at Sampulungan Beach, Takalar District with a 

depth of 1 meter. At each point, iron sand was taken of 500 g. Taking iron sand using a drill tool. 

 

2.2 Sample preparation 

Iron sand was cleaned from dirt and washed using water. Then dried at room temperature for 1 week. 

Furthermore, iron sand was weighed as much as 100 g and extracted using a rod magnet 40 times to 

separate sand containing magnetic and non-magnetic minerals [11-12]. The bar magnet was coated 

with plastic. The extracted iron sand was sieved using a 200 mesh sieve to homogenize the size of the 

sand grains. Sieved iron sand was called a sample that is ready to be tested for mineral content. 

 

2.3 Calculation of Magnetic Mineral Percentage 

Iron sand that was attracted by the bar magnet or not then weighed. Next, the percentage of magnetic 

minerals for each sample was calculated using the following equation: % 𝑚𝑎𝑔𝑛𝑒𝑡𝑖𝑐 𝑚𝑖𝑛𝑒𝑟𝑎𝑙𝑠 =  𝑚𝑎𝑠𝑠 𝑜𝑓 𝑚𝑎𝑔𝑛𝑒𝑡𝑖𝑐 𝑚𝑖𝑛𝑒𝑟𝑎𝑙𝑠𝑡𝑜𝑡𝑎𝑙 𝑚𝑎𝑠𝑠 × 100%  (1) 

 

2.4 Magnetic Mineral Type Analysis 

Samples of extracted iron sand, crushed for 15 minutes, then placed on the holder and polishing. 

Furthermore, the samples were characterized using the X-Ray Diffraction type Rigaku MiniFlex II. 

This tool works at a voltage of 30 kV, a current of 15 mA, a scanning width of 0.02
o
, a scanning rate 

per time of 4
o
/minute and a scanning range of 10

o
-70

o
. Qualitative analysis was carried out with search 

and match techniques by utilizing the default machine software, PDXL2, which was equipped with a 

2011 version of the ICDD (International Center for Diffraction Data) card. Quantitative analysis 

(wt.%) was tested using the RIR (Reference Intensity Ratio) method [13-14]. 

3.  Results and Discussion 

Magnetic mineral separation on iron sand samples from Sampulungan Beach by taking 5 samples. 

Separation was done by using a rod magnet that has been coated with plastic 40 times so that there are 

magnetic and non-magnetic minerals. Small fine sand and shiny black color attached to the rod magnet 

were called magnetic minerals. After the separation results were obtained, magnetic minerals were 

weighed to determine the mass of the magnetic minerals. Calculation of the percentage of magnetic 

mineral content using equation (1) is comparing the mass of magnetic minerals to total mass. 

The results of the calculation of the percentage of magnetic mineral content per 100 g of samples 

from 5 samples were shown in table 1. The percentage of magnetic minerals of each sample were 

MA1 samples of 1.89 %, MA2 samples of 6.23 %, MA3 samples of 4.58 %, samples MA4 of 2,38 %, 

and the MA5 sample of 2.37 %. Based on these results it appears that the MA2 and MA3 samples 

have a high percentage of magnetic minerals compared to the other 3 samples. This result shows that 

MA2 and MA3 samples have more iron element content of Fe. In addition, it was also supported by 

MA2 and MA3 sampling points in the tidal zones, where there was a separation of heavy minerals and 

clay minerals. Heavy minerals were deposited while minerals such as clay are carried by seawater 

leaving the coast. This result is in accordance with what was revealed by [4] that there is a sand 

1
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washing process on the coastline so that clay minerals were suspended while sediments that have 

heavy mineral contents remain deposited. 

 

 

Table 1. Percentage of magnetic minerals. 
    

Sample code 

Mass of  non-

magnetic 

minerals (g) 

Mass of 

magnetic 

minerals (g) 

Percentage 

of magnetic 

minerals (%) 

MA1 98.12 1.89 1.89 

MA2 93.78 6.23 6.23 

MA3 95.42 4.58 4.58 

MA4 97.62 2.38 2.38 

MA5 97.63 2.37 2.37 

 

 

Furthermore, the types of magnetic minerals contained in Sampulungan Beach iron sand samples 

were measured using an XRD machine. Measurement with XRD was done by powder method. 

Measurement results were analyzed using PDXL2 software with search and match techniques. The 

results of the qualitative analysis were shown in figure 1, figure 2, figure 3, figure 4, and figure 5. 

 

 

 
Figure 1. X-ray diffraction pattern of MA1 sample 
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Figure 2. X-ray diffraction pattern of MA2 sample 

 

 
Figure 3. X-ray diffraction pattern of MA3 sample 
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Figure 4. X-ray diffraction pattern of MA4 sample 

 

 
Figure 5. X-ray diffraction pattern of MA5 sample 
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Table 2. Mineral composition of iron sand samples based on XRD analysis. 

Mineral 

Weight percent (wt.%) 

MA1 sample MA2 sample 
MA3 

sample 

MA4 

sample 

MA5 

sample 

Magnetite (Fe3O4) 78 56 76 81 67 

Rutile (TiO2) 15 22 15 - 28 

Chromium Oxide 

(CrO) 

- - 8 2 - 

Vanadium (IV) Oxide 

(VO2)  

6 18 - 8 5 

Vanadium Oxide 

(V2O3) 

- - 1 - - 

Iron Tiranium Oxide 

[Fe(TiO3)] 

- - - 9 - 

 Magnesioferrite 

[(MgFe2)O4] 

- 3 - - - 

   

 

 

Figure 1 shows that the minerals contained in MA1 samples are magnetite, rutile, and vanadium 

(IV) oxide. Figure 2 shows MA2 samples containing minerals magnetite, rutile, vanadium (IV) oxide, 

and magnesioferrite. The minerals contained in the MA3 sample are magnetite, chromium oxide, 

vanadium oxide, and rutile (figure 3). The MA4 sample contained minerals magnetite, chromium 

oxide, vanadium (IV) oxide, and iron titanium oxide (figure 4). Meanwhile, MA5 samples contain 

minerals magnetite, rutile, and vanadium (IV) oxide. The results of the analysis showed that the 

samples containing dominant magnetic minerals are magnetite and rutile, where magnetite contained 

elements of iron (Fe) and rutile containing titanium (Ti) elements. The presence of Ti elements in iron 

sand can reduce the concentration of Fe. These results are in accordance with [15] expression which 

states that iron sand was dominated by Fe and there is a Ti element as a disturbance which can reduce 

Fe concentration. Magnetic minerals were included in the titanomagnetic group that is ferrimagnetic, 

namely the material in which there is a magnetic moment that each atom is not the same so that it has 

spontaneous magnetization even in the absence of a magnetic field [16]. 

Quantitatively, the mineral composition was analyzed by the RIR method. The results of the 

analysis were shown in Table 2. In table 2 it appears that the dominant minerals contained in all 

samples of iron sand are magnetite and rutile. This shows that iron sand samples have a high content 

of Fe. Thus, these results indicate that the potential of Sampulungan Beach iron sand to be explored 

further, extracted and used as metal industry materials. In addition, the iron sand sample also 

contained vanadium oxide. This mineral was not included in the classification of magnetic minerals 

[16]. However, vanadium oxide comes from algae, shellfish, and crabs [17]. 

4.  Conclusion 

Iron sand deposit in Sampulungan Beach contains magnetic minerals which were indicated to contain 

high iron (Fe) elements and were located in tidal zones. The dominant magnetic minerals are 

magnetite (Fe3O4) and rutile (TiO2) which belong to the titanomagnetic group and ferrimagnetic. In 

addition, there is also vanadium oxide which was not included in the classification of magnetic 

minerals and was indicated to come from algae, shellfish, and crabs. 
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