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ABSTRACT

	 Iron sand as the source of many important minerals is one of natural resources in Southeast 
Sulawesi. The iron sand minerals that contain TiO2 has economic value and a number of application 
i.e. environmental protection, paint industries, sensor and photovoltaic. The extraction of TiO2 has 
been done from pseudorutile (Fe2Ti3O9) using dissolution of HCl 20% and the addition of Fe0 reductor 
to optimize the microwave and conventional process. The result showed the optimized yield value of 
TiO2 and Fe2O3 are 74.49% and 80.35%, respectively. The power used effect of microwave-assisted 
to the extraction process was obtained decreasing of 81%, and the extraction time could be efficiency 
from 6 to 2 hours. The microwave extraction process can increase a yield of TiO2 and significant 
decreasing the yield of Fe2O3 in a shorter time if compared to the conventional process.
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INTRODUCTION

	 Titanium dioxide (TiO2) is a mineral 
that obtained more attention of the scientists 
and researchers because it has a wide range of 
applications. TiO2 is an inorganic material exploited 
widely in various industrial areas and used in 
many human life aspects such as in the industry of 
paint, porcelain, glass, paper, rubber, textile, floor 
layering, skin ointment and cream, the hydrogen 
production, and the manufacturing of self-cleaning 

material1-3. Recently, the important role of that oxide 
compound has been rapidly increasing, as it has a 
good semi-conductive and photosensitive ability, so 
that it is quite sufficient to be a solar cell material4-6. 
One of the applications of TiO2 in the control of 
environmental contamination is the degradation 
of wastewater by photoelectrocatalyst and COD 
sensor7-9. 

	 TiO2 material is continuously produced 
and developed in various methods, because of its 
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multiplicative characteristic. The production of TiO2 

can be done by using various synthetic methods. 
Nurdin et al. and Byranvand et al. revealed that 
nowadays some synthetic methods of TiO2 film 
had been developed, such as the method of sol-
gel, hydrothermal, solvothermal, chemical vapor 
deposition, electrodeposition, direct oxidation 
(anodizing), and the others10,11. The direct oxidation 
method is the cheapest and the easiest of those 
methods. The anodizing method is developed by 
the scientist by using Ti plate as the basic material 
in developing electrode of photoelectrocatalyst and 
COD sensor12-15. However, the need of using Titanium 
metal has encouraged the scientists to develop a 
research in finding Titanium metal from the province 
of Southeast Sulawesi that is reported of having 
some spots of ilmenite iron sand (FeTiO3) as the 
source of TiO2

16.

	 The extraction of TiO2 from the iron sand 
is an alternative solution to provide adequate and 
easily obtained material supply17. The presence 
of iron sand in nature at least can be found in four 
structures: ilmenite (FeTiO3), pseudorutile (Fe2Ti3O9),  
leucoxene and rutile (TiO2)

18,19. Theoretically, ilmenite 
containing approximately 31% iron and 56% titanium 
dioxide20,21. The presence of ilmenite in nature can 
also easily be found and the research of this matter 
is broadly obtained.

	 Ilmenite can be naturally found in the deposit 
form of beach sand18,22. Mohapatra et al. explain that 
the main commercial source of  Ilmenite all around 
the world is derived from black mineral sand found 
on the river banks or coasts18,23. Pseudorutile is the 
natural source of TiO2 in the form of mineral sand 
other than ilmenite. Pseudorutile is an intermediate 
product derived from the weathering process of 
ilmenite24-26. In other words, it is the intermediate 
mineral between ilmenite and rutile formed by the 
natural changes of ilmenite27.  The method used to 
isolate TiO2 from the mineral sand is leaching by 
using acid solution28,29.

	 The chloride process becomes the standard 
process that has been universally accepted to isolate 
titanium from ilmenite directly through chlorination 
pathway30. The optimization of the chloride process 
is not only limited to the oxidation or reduction of the 
ilmenite but also on the development of extraction 

method31. This research on the extraction of ilmenite 
has been develop by using microwave-assisted 
method because it has the benefit of using less 
reagent and the shorter time of dissolution if it is 
compared to the conventional method.

MATERIAL AND METHODS

Magnetic Separation
	 Magnetic separation was conducted 
by using the magnetic separator to separate the 
magnetic minerals from the non-magnetic. The 
magnetic sand was then characterized by using XRF 
analyzer. 

Leaching Separation
	 The leaching process was done by 
using 200 mL of 20% HCl that was heated to the 
temperature of 100°C. The heating of the solution 
was conducted in two methods. The first method (the 
conventional method) was used a hot plate with the 
temperature of 500°C and the second method was 
used the microwave-assisted reactor to heat the 
solution. 

	 The leaching process was continued by 
pouring 2.5 g of iron sand into the solution and 
let it stand for 30 minutes, then adding 0.7 g Fe0 
as a reductor and heating it for 5.5 hours in the 
conventional method and 1.5 hours in the microwave-
assisted method. After the leaching process has 
finished, the solution was filtered  through filter paper. 
The residue was cleaned and weighed, then it was 
set to 300 rpm centrifugation and the calcination 
was set at the temperature of ±550°C that was then 
characterized by using XRF

RESULTS AND DISCUSSION

The identification result of XRF magnetic sand
	 The characterization of the sample before 
extraction process was the fundamental stage related 
to the determination of the presence or the absence 
of the target material in the substance that would be 
identified. The magnetic sand used in this research 
was characterized by using XRF to identify TiO2 and 
other compounds and their percentage in the sample. 
Table 1 shows the XRF characterization result of 
the magnetic sand compounds value found in the 
province of Southeast Sulawesi. 
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	 According to the Table 1, it can be seen that 
the compounds found to be the most in the magnetic 
sand were Fe2O3 dan TiO2 with the percentage of 
61.69% and 22.82%, respectively. Regarding the 
fact that Fe found in the iron sand from Tapunggaya 
sub-district was Fe2O3, it could be concluded that 
the material was not ilmenite (FeTiO3), but it was 
indicated to be pseudorutile (Fe2Ti3O9). Besides 
those two primary data, it could also be known that 
the impurity compound with the highest value was 
SiO2 with the percentage of 8.78%.

Mechanism of Dissolution and Reduction of 
the Iron 
	 The extraction principle of TiO2 from the iron 
sand used HCl solvent by dissolving as many iron 
oxides as possible that were found in the sample so 
that the sediment with the high value of TiO2 could 
be obtained. The mechanism of reaction suggested 
was as follows32:
Fe2Ti3O9 + 12HCl → 2FeCl3+ 3TiOCl2+ 6H2O	 ...(1)

	 According to the equation (1), the forming 
solution was FeCl3 with the typical color of reddish 
orange corresponds to the color of a solution 
obtained in this research, as can be seen in Fig. 1.  

	 The addition of Fe0 as a reductor had an 
important role in maximizing the process of Fe

2O3 dissolution because the Fe3+ in the compound 
was difficult to dissolve33,34. Fe0 that is added at the 
leaching process had the function of reducing Fe3+ 

to be Fe2+ which is easier to dissolve in HCl. The 

mechanism of reaction suggested for that process 
was as follows31:
Fe0 + 2HCl → FeCl2+H2	 ...(2)
Fe0 + 2FeCl3 → 3FeCl2	 ...(3)
Fe0 +2TiOCl2+ 4HCl → 2TiCl3+ FeCl2+ 2H2O	 ...(4)
2TiCl3 + Fe2O3 + 2HCl  → 2TiOCl2  +  2FeCl2  
+H2O					      ...(5)
TiOCl2 + H2O →  TiO2 ↓ +  2HCl	 ...(6)

	 The mechanism of reaction above shows 
that the addition of Fe0 maximized the dissolution of 
Fe and increased the value of TiO2 that was obtained 
because the final stage of the reaction mechanism 
(6) was the hydrolysis of TiOCl2 to be the sediment 
TiO2. The yield obtained after the extraction process 
was as weight as 0.46 g for conventional heating and 
0.57 g for microwave heating.

XRF Characterization
	 The compounds obtained from the 
conventional and the microwave-assisted extraction 
methods had been analyzed by using XRF. This 
process aimed how much the value of Fe2O3 that was 
eliminated in the sample and how many percentages 
of the increasing value of TiO2 in the sample. The 
extracted compound of XRF identification can be 
seen in Table 2.

	 The result obtained from the microwave 
and conventional process shows the reducing value 

Table 1: The value and composition 
of magnetic sand

Compounds	 Mass Fraction (%)

Fe2O3	 61.69
TiO2	 22.82
SiO2	 8.78
CaO	 3.69
MnO	 1.56
Cl	 0.6
K2O	 0.219
P2O5	 0.157
ZrO2	 0.077
ZnO	 0.0712
Nb2O5	 0.0406
SrO	 0.0162
SnO2	 0.008
In2O3	 0.0061

Fig. 1: The solution of FeCl3 derived 
from the leaching process of HCl
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Table 2: The Result of XRF identification 
before and after the extraction process

Compounds		  Mass Fraction (%)
	 Raw 	 Conventional 	 Microwave 
	 Materials	 Process	 Process

Fe2O3	 61.69	 10.24	 12.12
TiO2	 22.82	 35.61	 39.82
SiO2	 8.78	 51.66	 46.1
CaO	 3.69	 0.7	 0.606
MnO	 1.56	 0.146	 0.264
Cl	 0.6	 -	 -
K2O	 0.219	 0.36	 -
P2O5	 0.157	 0.605	 0.489
ZrO2	 0.077	 0.0079	 0.117
ZnO	 0.0712	 -	 -
Nb2O5	 0.0406	 0.0413	 0.051
SrO	 0.0162	 0.0129	 0.0132
SnO2	 0.008	 -	 -
In2O3	 0.0061	 -	 -

Fig. 2: The comparison of the energy usage and 
time allocation between conventional heating 

and microwave heating

Fig. 3: The value of Fe2O3 eliminated after the leaching process 
using microwave heating and conventional heating

of Fe and the significant increasing value of Ti but 
the very high value of SiO2 in the result of extraction 
affected the purity of TiO2 extract.

Effectiveness of microwave-assisted in 
Optimizing the Extraction Process
	 The main purpose of utilizing microwave 
process was to decrease the energy consumption as 
low as possible. The conventional process used the 
thermal conductivity to heat the target material, the 
reactor had to heat the other material around the first 
target so that the target could be heated. It caused 
the high consumption of energy in the conventional 

system. The microwave process of target material 
was obtained from the internal friction happened in 
the target material as the effect of the heat from the 
microwave. 

	 In this research, it was obtained to what 
extent the effects of microwave-assisted to lower 
energy consumption used in the extraction process. 
The result was obtained by comparing the process 
using conventional and microwave regarding the 
use of energy and the time allocation can be seen in  
Fig. 2.

	 The process using conventional heating 
needed 100% power of the total output of heater 
(1000 watt) and 6 hours of extraction time, whereas 
the process using microwave heating only needed 
60% of total output of the reactor so that it only 
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needs 570 Watts. The strength of microwave heating 
became more visible on the time allocation for the 
leaching process: only 2 hours, compared to 6 hours 
in conventional heating. 

	 The use of energy and time was calculated, 
then the total consumption of the energy obtained 
was 6 KWH for conventional heating and 1.14 KWH 
for microwave heating. This result shows that the 
energy consumption could be reduced approximately 
81% by using the microwave-assisted method.

Effectiveness of Microwave-Assisted Method
	 The success of TiO2 extraction process 
from the iron sand could be seen from the value of 
iron oxide that could be eliminated from the material 
and the ability of the process in maintaining the 
quantity of TiO2. The extraction of TiO2 through the 
chloride process focused on the ability of the solvent 
to dissolve as many iron oxides as possible and as 
little TiO2 as possible. 

Optimization of Fe2O3 Dissolution
	 The microwave heating was proven to 
accelerate and increase the dissolution process of 
Fe in HCl. The leaching process using microwave 
heating shows the significant optimization result. The 
result of this research can be seen in Fig. 3.

	 There was 80.35% of Fe2O3  eliminated 
during 2 hours leaching process, whereas 6 hours 
conventional heating could eliminate 83.4% Fe2O3. 
Regarding the value of Fe eliminated, there was 
no significant difference between the microwave 
heating and the conventional one. However, there 
were significant differences in time allocation and 
the energy usage between microwave heating and 
conventional heating.

Optimization of increasing the value of TiO2

	 The increasing of the TiO2 value in the 
extraction result by using microwave method 
and conventional method showed the significant 
percentage difference; the value of TiO2 extraction 
using microwave method increased 74.49%, and  the 
value of TiO2 extraction using conventional method 
increased 56.04%. The increasing value of TiO2 was 
higher in the microwave heating in optimizing the 
result of extraction. It became more valuable if it also 
observed the shorter dissolution time of microwave 

heating, compared to the conventional one. Fig. 4 
shows the chart of the TiO2 increasing value after 
the extraction process using microwave heating and 
conventional heating.

	 According to the fact shown in Fig. 4, it 
could be concluded that the extraction process using 
microwave heating was more efficient. It could be 
seen from the time, total energy needed, and the 
increasing value of TiO2. 

Optimization of Purifying TiO2

	 The quite good result could also be 
obtained by the purifying process of TiO2 through the 
microwave heating as can be seen in Fig. 5 below.

	 According to Fig. 5, during 2 hours of 
extraction process using microwave heating, the 
purity of TiO2 from Fe2O3 was reached 76.66%. 
That value of purity was nearly similar to the value 
obtained through conventional heating during 6 hours 
was reached 77.66%. The fact showed the success 
of the extraction process using microwave heating 
in optimizing the result of extraction. 

	 Fig. 6 shows the level of reduction of all 
the impurity found in the result of extraction using  
a microwave and conventional assisted methods. 
Generally, the quality of the result obtained from the 
extraction method using microwave was better than 
the result obtained from the extraction process using 
conventional method. The total decreasing value 
of impurity using microwave heating was 21.75%, 
whereas in the method using conventional heating 
was 16.98%. The percentage of impurity was caused 
by the high value of SiO2 that was 46.1% in the result 
of extraction using microwave and 51.66% in the 
result of extraction using conventional method.

	 The XRF data analysis value of TiO2 and 
SiO2 in the raw material were 22.82% and 8.78%, 
respectively, which explained that the ratio between 
TiO2 and SiO2 nearly reach 3:1. However, after the 
extraction process was conducted, the ratio changed 
drastically to 1:1. According to the fact that the value 
of Fe2O3 had decreased the quantity of TiO2 also 
decreased drastically. The decreasing quantity of 
TiO2 in the result of extraction had some possible 
causes. The first possibility was that the size of 
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Fig. 4: The increasing value of TiO2 after the dissolution process 
using microwave heating and conventional heating

Fig. 5: The purity of TiO2 from Fe2O3 after the dissolution process 
using microwave heating and conventional heating

Fig. 6: The decreasing value of all impurity after the extraction 
process using microwave heating and conventional heating
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Fig. 7: The decreasing value of impurity other than SiO2 after the 
extraction process using microwave heating and conventional heating

Fig. 8: The entire result of microwave heating optimization

TiO2 in the material was too small so that there 
was some particle of TiO2 passing through the filter 
paper and was being dumped with the filtrate during 
the screening process. The second possibility was 
that the high concentration of the solvent make the 
TiO2 dissolved and finally was also dumped with the 
filtrate. 

	 The second possibility has been reported 
by Mehdilo et al. who described that the high 
concentration of acid used in the extraction process 
would directly proportional to the percentage of 
dissolved Fe, Mn, and Ti34. The use of HCl 8 M 
affected more significantly to the dissolution of Fe, 

but the Ti dissolution also increased. This condition 
was less favorable for the extraction process that 
needed a product having high TiO2 on the solid phase 
because of the high value of dissolved Ti, so that it 
decreased the synthetic TiO2 formed.

	 The value of impurity other than SiO2 in the 
result of extraction obtained from the process using 
microwave heating and conventional heating had 
significantly decreased become 79.33% and 82.1%, 
respectively. It can be seen in Fig. 7.

	 Separation from the high value of SiO2 still 
remained in the result of extraction using the two 
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methods provided, the extraction process using 
microwave heating kept showing the significant effect 
in optimizing the process and result of extraction. 
Some variables optimized by the microwave heating 
were the reaction rate, TiO2 increasing yield, and the 
decreasing number of impurity which were better 
than those in conventional heating. Lewicka et al. 
explained that by using microwave radiation has the 
strength in the process of eliminating Fe, considered 
from the reaction kinetics and the quality of the 
products which were better than the result obtained 
from the conventional heating36. This method could 
be performed in the synthesis of TiO2 doped metal 
and non-metal37. 

	 The ability of microwave heating in 
optimizing the process and result of extraction was 
about the effect of microwave heating to the mineral. 
The main advantage of the microwave heating 
emitted energy would spread evenly and quickly 
into the entire volume of material then heat it directly 
without conducting the heat. The other effect of the 
heating system was  an occurrence of cracks in 
the material caused by the exposure of microwave 
radiation which then results to the extended surface 
area of the material. Those advantages of microwave 
heating would not be found in the conventional 
heating, and it was assumed as the causative 

factor of the reaction rate, purity of the sample, 
and the efficiency of energy and time. The result of 
microwave heating optimization entirely is presented 
in Fig. 8.

CONCLUSION

	 Based on this research, it can be concluded 
that the extract of TiO2 from the iron sand could be 
optimized well using the microwave-assisted. It 
had an effect on the significant energy efficiency 
1.4 KWH and time allocation needed 2 hours for 
the extraction process showing 81% decreasing of 
the energy usage compared to the process using 
the conventional heating. The use of microwave 
heating had an effect on the optimized value of TiO2 
and better purity than conventional heating with the 
percentage yield of TiO2 value were 74.49% and 
56.04%, respectively. While, the decreasing value 
of impurity on microwave method and conventional 
method were 20.66% and 16.59%, respectively.
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