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Abstract. The purpose of this study is to synthesize and characterize of iron sand from the 

south coastal area of Purworejo, Central Java. Iron sand was mechanically filtered using 

permanent magnets 35 times. The filtered iron sand was characterized using x-ray diffraction 

(XRD) to determine the compound contained therein and his physical characteristics. The 

filtered iron sand was heated at temperatures of 800 ° C and 900 ° C for 5 hours in the 

furnace and after it was cold and followed by XRD testing. Based on the x-ray diffraction 

pattern, a single phase Fe2 O3 as a permanent magnet base can be formed after a 

900 ° C heating process for 5 hours. 

  

1. Introduction 
The presence of iron sand in Indonesia is abundant, especially those located on the southern coast of 

Java. In Purworejo Regency, Central Java province, especially in the southern coast, the iron sand has 

not been optimally used for electronic devices [1, 2] such as permanent magnets on electric speakers 

or electric motors. Iron sand in nature itself generally is composed of magnetite (Fe3O4), maghemite 

(Ƴ-Fe2O3) and hematite (α-Fe2O3) [3-6]. These compounds have different characteristics and uses and 

are usually mixed with other impurities. 

Magnetite (Fe3O4) has been widely used especially as nanoparticles as high-density information 

storage, ferrofluid, catalysis, electronic devices, biomedical and pigments [7-10]. There have been 

various methods or techniques used to synthesize magnetite, especially nanoparticles, including co-

precipitation, solvothermal processing, and high temperature organic phase decomposition [11-

17]. The method or technique in synthesizing magnetite affects the physical properties of magnetite 

itself.  

Hematite is the mineral form of iron (III) oxide (α-Fe2O3) are antiferromagnetic. Hematite, 

especially nanoparticles, has several applications such as pigments for paints, drug targeting cancer 

cells and for labeling and tracking target cells using magnetic resonance imaging (MRI) [18]. Iron (III) 
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oxide can be synthesized using several methods including co-precipitation, thermal decomposition, 

hydrothermal synthesis, microemulsion, and sonochemical synthesis [18, 19-26]. 

This research reported the process of synthesis and characterization of Iron (III) oxide (α-Fe2O3) 

from iron sand at south coastal area of Purworejo, Central Java, which has been mechanically filtered 

using a permanent magnet for 35 times and followed by a thermal decomposition process at a 

temperature of 800 ° C and 900 ° C for 5 hours during which the characterization process at each stage 

was carried out using x-ray diffraction (XRD). 

  

2. Experiments 
Iron sand powder comes from the coastal area of Purworejo, Central Java. It was then characterized 

using XRD to determine the content of the compound. The X- ray diffraction patterns were recorded 

by "step-scan" method in 2 range from 20 ° to 80 ° with Cu K α radiation. Iron sand powder was 

filtered using a permanent magnet for 35 times, then XRD testing was carried out to determine the 

compound and its physical properties. The Rietveld analysis was performed applying the High Score 

Plus program that is an updated version for Rietveld refinement with PC and mainframe 

computers. A sample of the filtered product was put into the furnace for the oxidation process with a 

heating temperature of 800° C and 900° C for 5 hours then was cooled in the furnace (Nabertherm 

N31/H) until room temperature was achieved. Oxidized samples were characterized using XRD to 

determine the compounds therein and their physical properties.     

  

3. Result and Discussion 

3.1 Testing of X-ray Diffraction (XRD) Raw Material  

Iron sand taken from the coast of Purworejo district was used as raw material in this study by XRD 

testing to ascertain the compounds in the sand. The test results are shown in figure 1.  

  

  

  

  

  

  

  

  

  

  

  

  

  

Figure 1. X-ray diffraction pattern from iron sand. 

  

The diffraction pattern in figure 1 was analyzed using the High Score Plus software from 

PANanalytic where the results of the initial analysis were shown in figure 2. Figure 2 shows that the x-

ray diffraction pattern of the iron sand matches with the diffraction pattern of Magnetite (Fe3O4) and 

Cristobalite low (SiO2) compounds in the Inorganic Crystal Structure Database (ICSD) number 98-

015-8740 and 98-005-2371. Based on figure 2, it can also be concluded that iron sand as raw material 

in this study is dominantly composed of Fe3O4 and SiO2. There may still be other compounds 

contained in iron sand with a composition below 5%. Because the characterization using XRD can 

only identify the compounds in a material with the percentage above 5%. 

The next analysis process was to quantitatively calculate the content of two main compounds in the 

iron sand. The results of further analysis of x-ray diffraction pattern are shown figure 3. The 
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quantitative analysis shows the content of the two main compounds in iron sand as shown in figure 3 

is 61.1% SiO2 and 38.9% Fe3O4. Characteristics of the physical properties of SiO2 in iron sand are 

shown in figure 4 and figure 5 for Fe3O4 compounds . 

  

 

Figure 2. Results of initial analysis of x-ray diffraction patterns from iron sand. 

  

 

 

Figure 3. The results of quantitative analysis of two main compounds in iron sand. 

  

 
Figure 4. Characteristics of physical properties of Cristobalite low (SiO2) in iron sand. 
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Figure 5. Characteristics of the physical properties of magnetite (Fe3O4) in iron sand. 

3.2 Mechanical Sand Filtering Process 

Iron sand has been taken from the coast of Purworejo district and has been characterized for its 

chemical and physical properties using High Score Plus software analysis, then the next step was the 

process of filtering or separating other particles from iron sand particles. The filtering process used 

two methods or techniques: mechanical and chemical. The mechanical filtering process is the process 

of separating other particles from iron sand using permanent magnets for 35 times. This process was 

performed to obtain iron sand that is free of other particles that do not contain the Fe element 

(iron). The filtering results was then characterized for its chemical and physical properties using 

XRD. The test results using XRD produce diffraction patterns as shown in figure 6. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Iron sand x-ray diffraction pattern after mechanical filtering 

Figure 6 shows that the x-ray diffraction pattern of iron sand after mechanical filtering for 35 times 

matches with the diffraction pattern of the magnetite low (Fe3O4). Then the characteristics of the 

physical properties of Fe3O4 were analyzed, the results are shown in figure 7 and figure 8. Figure 7 

shows that the unit cell of magnetite low (Fe3O4) is orthorombic. The crystallite size of the magnetite 

low (Fe3O4) based on Figure 8 is 100 nm. 
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Figure 7. The cellular unit of magnetite low 

(Fe3O4 ) 

Figure 8. Sizes of magnetite low 

(Fe3O4) crystalline compounds 

3.3 Enrichment Process or Oxidation of Magnetite low (Fe3 O4) 

The magnetite low (Fe3O4) as the result of the mechanic filtering must be transformed into 

Fe2 O3 compounds. This transformation process is called the enrichment process. The enrichment 

process was carried out by heating the powder of a magnetite low compound (Fe3O4) to a temperature 

of 900°C or this process is called the magnetite low oxidation process (Fe3O4). The magnetite low 

(Fe3O4) oxidation process was carried out at 800°C for 5 hours then cooled to achieve room 

temperature and the characterization process was carried out using XRD. The results of the 

characterization are shown on figure 9.   

  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9. X-ray diffraction pattern of iron sand which has been oxidized at a temperature of 800°C 

Figure 9 shows that after magnetite low (Fe3O4) is oxidized at 800 ° C, the present phases are 

magnetite (Fe3O4), Fe and Fe2O3. Fe and Fe2O3 are present as the results of decomposition of 

magnetite low (Fe3O4). The quantitative analysis of the three phases on the magnetite low 



The 8th Engineering International Conference 2019

Journal of Physics: Conference Series 1444 (2020) 012043

IOP Publishing

doi:10.1088/1742-6596/1444/1/012043

6

(Fe3O4) oxidation process was carried out at 800 ° C for 5 hours shown in Figure 5.10. The 

percentage of magnetite (Fe3O4) phase is 37.9%, Fe is 13.9% and Diiron (III) Oxide (Fe2O3) is 

48.3%. In the oxidation process of 800 ° C for 5 hours, the Fe2O3 phase is present and has the highest 

content, although it has not achieved 100%. The transformation process of magnetite low (Fe3O4) 

phase into fully Fe2O3 phase is the expected result from the enrichment process or oxidation process, 

where the phase of the Fe2O3 compound is a base material of permanent magnet. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10. Results of quantitative analysis of magnetite low (Fe3 O4) oxidation process at 800 ° C 

The process of analyzing physical properties based on diffraction patterns in Figure 10 using High 

Score Plus software found that the shapes of the magnetite (Fe3O4) and Iron-Alpha (Fe) phase units are 

cubic, and Diiron (III) Oxide (Fe2O3) is orthorombic. The crystallite size of the magnetite 

(Fe3O4) phases formed after oxidation of 800 ° C for 5 hours is 35 nm, Iron-Alpha (Fe) is 34 nm and 

the Diiron (III) Oxide (Fe2O3) phase is 69 nm.  

 

 

Figure 11. X-ray diffraction pattern as a result of the oxidation process to a temperature of 900 ° C 

Because the composition of the Fe2O3 compound as the main material of permanent magnets has 

not reached 100%, it is necessary to do the next oxidation process at a temperature of 900 ° C for 5 

hours. The XRD pattern formed after oxidation to 900 ° C for 5 hours is shown in figure 11. Based on 

figure 11, the XRD pattern shows that the diffraction pattern of the Iron (III) Oxide (Fe2O3) 

compound, which indicates the formation of a single phase Fe2O3 (100%). This indicates that the 

oxidation process or enrichment of iron sand to a temperature of 900° C for 5 hours has succeeded in 
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transforming the low magnetite (Fe3O4) phase into a single phase Fe2O3 which is the main material of 

permanent magnet.  

  

 

Figure 12. The Results of physical properties analysis based on XRD patterns from oxidation process 

up to 900 ° C 

 The process of analyzing physical properties based on diffraction patterns in figure 11 using High 

Score Plus software shows that the Fe2O3  phase has the form of cell unit is trigonal (hexagonal) as 

shown in figure 12. Based on XRD pattern in figure 11, the crystal size of single phase Fe2O3 after the 

analysis process equals to 71 nm, as shown in figure 13. 

  

 

Figure 13. Results of analysis of other physical properties based on XRD patterns resulting from 

oxidation process up to 900 ° C 

4. Conclusion 

The process of filtering or refining iron sand which is performed mechanically for 35 times succeeded 

in getting iron sand which has a low magnetite low compound (Fe3O4). The process of enrichment or 

oxidation of low magnetite compounds (Fe3O4) at temperatures up to 800 ° C for 5 hours has not been 

successful in producing a single phase of Fe2O3. Single phase Fe2O3 as the main compound of the 

magnetic material was successfully obtained after the oxidation process of the low 

magnetite compound (Fe3O4) at a temperature of up to 900 ° C for 5 hours. 
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