
BY

© 2025. The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution  
License (CC-BY 4.0). The Journal license is: https://creativecommons.org/licenses/by/4.0/deed.en. This license allows 
others to distribute, remix, modify, and build upon the author's work, even commercially, as long as the original work 
is  attributed to the author.

Arch. Metall. Mater. 70 (2025), 1, 77-86

DOI: https://doi.org/10.24425/amm.2025.152508

Y.I. SuprIYATnA 1,2**, W. ASTuTI 1, S. SumArdI 1, A. prASeTYA 2,3, L.I. Br. GInTInG 4,  
W. WAhAB 5, h.T.B. murTI peTruS 2,3*

TiTanium DioxiDe ProDucTion from Low-GraDe iLmeniTe ore:  
mineraL characTerizaTion anD oPTimizaTion

The characterization of low-grade ilmenite ore from Banten (Indonesia) is investigated, as well as the effects of particle size, 
naOh:Ti ratio, and fusion time on Ti and Fe content in TiO2 products. mineral separation of low-grade ilmenite ore was performed 
using wet gravity, followed by sieving. each sample size’s magnetization (using 10,000 Gauss magnets) is followed by weighing 
the magnetization results. The sifted and magnetized samples were then analyzed with XrF for composition analysis and Xrd for 
compound determination. Fe-Sem was applied to analyze morphology. A microscope was used for metalografi analysis. The fusion 
temperature of the optimization process was determined using STA. Fusion times were 10, 30, 60, 90, and 150 minutes at 850°C, 
with a naOh:Ti ratio (w/w) of 1:2, 2:1, and 4:1, and particle sizes of 0.177-0.149 mm, 0.149-0.105 mm, and 0.105-0.074 mm. The 
minerals ilmenite (FeTiO3), magnetite (Fe3O4), and coesite (SiO2) dominate the characterization of Banten low-grade ilmenite ore. 
Sixty minutes of fusion at 850°C with a 2:1 naOh:Ti ratio (w/w) and 0.177-0.149 mm with 94.44% TiO2 in a product was optimal.
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1. introduction

mineral resources of ilmenite (FeTiO3) were discovered 
in Indonesia as a type of cassiterite-associated minerals at the 
Bangka Belitung Islands, as well as along the southern coast of 
Java island in the form of iron sands and groups of zircon sand 
mineral (ZrSiO4) at Central Kalimantan [1-4]. Bangka ilmenite is 
a high-grade ilmenite ore. Low-grade ilmenite ore is Java island 
ilmenite (iron sand) and zircon sand mineral. Ilmenite is a raw 
material that can be used to make titanium metal, iron metal, 
and titanium dioxide (TiO2) [5-8].

The chloride and sulfate processes are the two commercial 
methods for producing TiO2 [6,9]. The sulfate process can use 
low-grade raw materials, but the product quality is inferior, and 
a significant quantity of iron sulfate waste is generated [10]. The 
chloride process can produce high-quality TiO2 products, but 
it requires rare and expensive raw materials (natural rutile, leu-
coxene, and titania slag) [10,11]. Because natural rutile reserves 

are only 1-10% of ilmenite reserves, alternative processes for 
producing high-quality TiO2 from low-grade ores are required 
[12,13].

Low-grade ores are typically processed into slag and sulfate 
[10,14,15]. nonetheless, these processes are harmful to the en-
vironment, expensive, and generate a lot of waste or recycling. 
Furthermore, the slagging process consumes more energy, emits 
more greenhouse gases, and cannot treat radioactive ores [16-20]. 
Low-grade ilmenite ores have not been investigated for process-
ing into TiO2 in Indonesia. Impurities in low-grade ilmenite ore 
include Al2O3, CaO, mgO, mnO, V2O5, and SiO2. As a result, 
it is essential to create an appropriate and environmentally 
friendly process for producing high-purity TiO2.

Titanomagnetite is a low-grade ilmenite ore. Titanomag-
netites can be found in a variety of titaniferous reserves, such 
as placer iron ore reserves all around the world. They are found 
primarily in ores as iron oxide minerals alongside magnetite, and 
they frequently join igneous intrusions of bare rocks, primarily 
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anorthosites. A few titaniferous ores contain sufficient iron to 
enable for next handling immediately after milling [21,22]. 
however, most ores must be upgraded, mainly if they posses 
ilmenite, vanadium, or other valuable components. The vana-
dium content of the magnetite and titanomagnetite concentrates 
obtained is high. Ilmenite and pyrite are differentiated from the 
non-magnetic fraction and regained through selective flotation 
into a variety of valuable products [23]. Several studies have 
used gravitational, magnetic, and electrostatic separation to pro-
cess low-grade titanium ores. Synthetic rutile is produced using 
solid reduction processes such as the Becher, Benelite, murso, 
dunn, Kataoka, and Austpac processes, which convert iron into 
dissolved iron or its elemental form through high-temperature 
reduction followed by acid leaching to produce synthetic rutile 
[24-27]. This upgraded and produced TiO2 process, on the other 
hand, requires five stages: beneficiation (wet/dry gravity and 
magnetization), high-temperature oxidation, reduction (which 
requires the use of a reductant (coal or coke), aeration, and 
acid leaching [28-32]. These processes, apart from requiring 
high temperatures, also require reducing agents, which are not 
environmentally friendly because they produce air pollution. 
Therefore, it requires the conversion of existing methods to be 
more environmentally friendly and cost-effective.

This research presents a novel method for producing ti-
tanium dioxide from low-grade ilmenite ores. Wet gravity and 
magnetic separation are the initial preparations. Furthermore, the 
process of fusion of ilmenite ore with solid sodium hydroxide at 
a temperature below 900°C. The fusion product is water-leached, 
hydrolyzed with water, and acid-leached with hydrochloric acid. 
The aim is to establish and optimize an alternative route to the 
traditional chloride route.

2. experimental

2.1. materials

rancecet, Banten, Indonesia, supplied the ilmenite sample. 
naOh p.A. (99%, merck, darmstadt, Germany) was used as 
the chemical.

2.2. methods

Two kilograms of Ilmenite Banten were separated using 
wet gravity, followed by sying with fractions of >0.177 mm, 
 0.177-0.149 mm, 0.105-0.074 mm, 0.074-0.044 mm, and 
0.044 mm. Ten thousand gauss magnets were used for mag-
netization. The magnetization results for each sample size are 
then weighed. Sifted and magnetized samples were therefore 
analyzed using XrF (pAnalytical epsilon3XLe) with total time 
of 20 min and Xrd (pAnalytical X’pert3 powder) with a total 
scan time of 6 min for Cu radiation over a 2θ range of 10-80° to 
identify the compounds. Fe-Sem (Thermo scientific Quatro S) 
was applied to analyze morphology. A nikon eCLIpSe 50i pOL 

microscope was used for metalografi analysis. Simultaneous 
Thermal Analysis (STA) 449 F3 Jupiter was used in conjunction 
with neTZSCh QmS 403 Aeolos. The AnOVA method is used 
to determine which variables significantly influence the quality 
of TiO2 products.

2.3. experimental procedure

2.3.1. Decomposition

each fusion experiment used approximately 50 g of ilmen-
ite. The particle size effect was tested using three particle sizes 
(0.177-0.149 mm, 0.149-0.105 mm, and 0.105-0.074 mm). The 
weight ratio of naOh to Ti varied between 0.5, 2, and 4. Fusion 
times were set at 10, 30, 60, 90, and 150 minutes. Fusion was 
conducted at 850°C with and without caustic soda. The homo-
geneous fusion mixture is transferred to an S.S. container and 
placed in a muffle furnace preheated to a predetermined tempera-
ture. The crucible was removed after the required fusion time 
and allowed to cool to room temperature before being weighed. 

2.3.2. fusion Product

Water was used to leach the fusion products to release any 
residual naOh and hydrolyze the products, enabling the naOh 
reactant to be recovered. Water was used to wash the hydrolyzed 
solids. during the process, some impurities were also removed.

2.3.3. Leaching

The leaching reagent was 20% hydrochloric acid with 
a 4-hour leaching time. The solution was tested for titanium and 
iron using ICp-OeS. The solid product was dried and calcined. 
Following that, XrF was employed to identify the chemical 
elements contained in TiO2 and Xrd to investigate the TiO2 
compound. A Thermo Scientific Quatro S was utilized to examine 
the morphology.

3. results and discussion

3.1. ilmenite sample characterization

The weight distribution results according to the particle size 
and magnetization steps are shown in TABLe 1. This study’s 
magnetization distribution of the Banten ilmenite samples was 
85% magnetic. 

referring to TABLe 2, the Ti and Fe contents of Banten 
ilmenite samples tend to decrease as particle size decreases. 
Besides the Fe, Al, and Si content, which is more than 1%, other 
impurities are mg, mn, p, Ca, V, and Cr, which are less than 1%. 
TABLe 2 shows that wet gravity, sieving, and magnetic separa-
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tion processes can increase the Ti content while significantly 
reducing the Al, Si, and Ca contents of ilmenite concentrate (for 
particle sizes >0.177 mm to 0.105-0.074 mm). In contrast, the 
results for particle sizes 0.074-0.044 mm and <0.044 mm are 
inversely proportional.

The standard method involves slashing magnetic and non-
magnetic samples and attaching them to a glass medium. Lighting 
from below is used for microscopic observations. non-metallic 
minerals are more pronounced and lighter in color than metal min-
erals (Fig. 1). The metallographic analysis revealed that magnetic 
samples contained many metals (Fig. 1a), whereas non-magnetic 
samples contained many non-metallic elements (Fig. 1b).

The overlay Sem+edS results in Fig. 2(a-f) confirmed 
that Ti and Fe were all coupled. Content of Ti and Fe share 

a similar propensity and distribution. According to edS, the 
dominant elements at each particle size are Fe and Ti. Figs. 2a 
to 2f show that the particle size is getting smaller according to 
the sieving results.

The Xrd pattern (Fig. 3) revealed two distinct pattern 
groups. The first group produced similar reports for parti-
cle sizes >0.177, 0.177-0.0149 mm, 0.177-0.0149 mm, and 
 0.105-0.074 mm. The particle sizes in the second pattern group 
were 0.074-0.044 mm and <0.044 mm, respectively. highScore 
plus (hSp) application evaluation for the initial group in Fig. 3 
reveals that the prominent compounds found in Banten ilmenite 
are ilmenite (FeTiO3) and magnetite (Fe3O4). The dominant 
compounds in the second group are ilmenite (FeTiO3), magnetite 
(Fe3O4), and coesite (SiO2).

TABLe 1
The weight distribution due to particle size and magnetization

Particle size (mm) mass (% wt) magnetic (% wt) non-magnetic (% wt)
>0.177 46.71 85.69 14.31

0.177-0.149 5.65 89.42 10.58
0.149-0.105 33.32 96.94 3.06
0.105-0.074 8.44 96.53 3.47
0.074-0.044 1.53 96.03 3.97

<0.044 4.35 100.00 0.00

(a) magnetic (b) non-magnetic
Fig. 1. metallographic analysis of magnetic and non-magnetic sample

TABLe 2

XrF analyses of raw materials and magnetic ilmenite concentrates for each particle size concentrate

element
content (% wt)

raw >0.177 mm 0.177-0.149 mm 0.149-0.105 mm 0.105-0.074 mm 0.074-0.044 mm <0.044 mm
mgO 0.801 0.801 0.777 0.747 0.762 0.877 0.881
Al2O3 2.603 1.174 1.064 1.065 1.058 1.781 1.810
SiO2 15.854 2.859 2.464 2.245 2.305 5.725 10.079
p2O5 0.289 0.512 0.498 0.492 0.469 0.497 0.532
CaO 18.846 0.939 0.813 0.754 0.725 2.580 3.239
TiO2 22.067 35.926 36.605 36.734 36.632 31.643 30.188
V2O5 0.257 0.421 0.426 0.423 0.429 0.427 0.386
Cr2O3 0.033 0.033 0.031 0.028 0.028 0.042 0.050
mnO 0.855 0.845 0.853 0.859 0.868 0.826 0.780
Fe2O3 38.346 55.919 55.943 56.069 56.008 54.735 51.138
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3.2. TGa/DTa-DSc for the fusion process

The TG and dSC analysis results for the three particle sizes 
are nearly identical (Fig. 4). Based on the TG results, three inter-
vals of change in sample weight occur. The first interval occurs at 
temperatures ranging from 25 to 700°C, with weight reductions 
of 4.13484% (0.177-0.149 mm), 4.32418%  (0.149-0.105 mm), 
and 4.40034% (0.105-0.074 mm). Second interval at 700-1000°C 
with weight gains of 0.149482% (0.177-0.149 mm), 0.051694% 
(0.149-0.105 mm), and 0.110696% (0.105-0.074 mm). The third 

interval was between 1000 and 1200°C, with weight changes of 
0.197392% (0.177-0.149 mm), 0.213688% (0.177-0.149 mm), 
and 0.175334% (0.105-0.074 mm). The dSC results revealed 
that the highest enthalpy data were found in the second inter-
val, with values of 493.08 J/g (0.177-0.149 mm), 947.94 J/g 
 ( 0.177-0.149 mm), and 946.87 J/g (0.105-0.074 mm).

Fig. 5(a) depicts the TG-mS measurement of sample 2B 
(ilmenite ore 0.177-0.149 mm reaction with naOh) after heating 
to 1000°C in an inert atmosphere. The sample showed three mass 
loss steps of 16.9%, 4.8%, and 0.3%, with dTG signal peaks 

(a) mapping results for >0.177 mm  (b) mapping results for 0.177-0.149 mm 

(c) mapping results for 0.177–0.149 mm  (d) mapping results for 0.105-0.074 mm 

(e) mapping results for 0.074-0.044 mm  (f) mapping results for <0.044 mm 
Fig. 2. Overlay Sem and edS analysis for each particle size of the Banten ilmenite sample
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at 163°C, 258°C, 631°C, and 857°C. The mass spectrometer 
detected an increase in mass numbers 18 (probably water), 
44 (CO2), 28, and 32 (fragments of water and CO2). The release 
of water caused the first two steps in the mass loss. The release 
of CO2 caused the third step. Fig. 5(b) shows similar results for 
samples sample 3B (ilmenite ore 0.105-0.074 mm reaction with 
naOh). There were also three mass loss steps discovered, as 
well as the release of water and CO2. The optimization process 
is carried out at 850°C based on the results of TG and dSC.

(a)

(b)
Fig. 5. TG, dTG, and mass number curve (a) ilmenite ore (0.177-0.149 
mm), (b) ilmenite ore (0.105-0.074 mm) reaction with naOh (10°C/
minutes in oxygen)

3.3. optimization of the fusion process

3.3.1. effect of particle size, naoh: Ti ratio,  
and fusion time

The effect of particle size on Ti content in TiO2 products is 
shown in Fig. 6(a and c). At a fixed naOh:Ti (w/w) ratio (2:1) 
and several fusion times shown in Fig. 6(a), it shows that the 
Ti contents are almost the same for the three particle sizes 
at the same fusion time. The effect of particle size for several 
naOh:Ti ratios (w/w) in Fig. 6(c) shows the same thing: at 
the same ratio, the particle size does not significantly affect 
the Ti content in the TiO2 product. The effect of the naOh:Ti 
ratio (w/w) on the Ti content in the TiO2 product is shown in 
Fig. 6(b and c). In Fig. 6(b), it can be seen that as the ratio of 
naOh:Ti (w//b) increases at some fusion times, the Ti content 
in the TiO2 product also increases. Based on Fig. 6(c), it can be 
seen that as the ratio of naOh:Ti (w/w) increases at different 
particle sizes, the Ti content in the TiO2 product also increases. 
however, from the three ratios of naOh:Ti (w/w) used, it can be 
seen that the content of Ti significantly increased from the ratio 
naOh:Ti (w/w) = 1:2 to 2:1, while from 2:1 to 4:1 there was 

Fig. 3. The Xrd pattern at different sizes of particles

Fig. 4. TG and dSC curves of ilmenite ore in different particle size
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not a significant increase in Ti contents in TiO2 products. The 
effect of fusion time on Ti contents in TiO2 products is shown 
in Fig. 6(a and b). In Fig. 6(a), it can be seen that as the fusion 
time increases, the Ti content in the TiO2 product also increases 
for the three particle sizes used. Whereas in Fig. 6(b), it can be 
seen that the effect of time does not significantly affect the Ti 
content in the TiO2 product at the several ratios used.

The effect of particle size on Fe content in TiO2 products 
is shown in Fig. 6(d and f). Based on Fig. 6(d and f), it can be 
seen that the particle size has no effect on the Fe content in the 
TiO2 product. The effect of the naOh:Ti ratio (w/w) on the Fe 
content in the TiO2 product is shown in Fig. 6(e and f). Based on 
Fig. 6(e and f), it can be seen that increasing the ratio of naOh:Ti 
(w/w) during fusion with the same particle size reduces the Fe 

(a) Surface plot of Ti (%) vs particle size (mm),  
fusion time (minutes)

(c) Surface plot of Ti (%) vs naOh:Ti ratio (w/w),  
particle size (mm)

(e) Surface plot of Fe (%) vs naOh:Ti ratio (w/w),  
fusion time (minutes)

(b) Surface plot of Ti (%) vs naOh:Ti ratio (w/w),  
fusion time (minutes)

(d) Surface plot of Fe (%) vs particle size (mm),  
fusion time (minutes)

(f) Surface plot of Fe (%) vs naOh:Ti (w/w) ratio,  
particle size (mm)

Fig. 6. effect particle size, naOh: Ti ratio, and fusion time to Ti and Fe content in TiO2 product



83

content in the TiO2 product, especially from the ratio naOh:Ti 
(w/w) 1:2 to 2:1, while for the ratio of 2:1 to 4:1, the decrease 
is not too significant. The effect of fusion time on Fe content in 
TiO2 products is shown in Fig. 6(d and e). In Fig. 6(d), it can be 
seen that as the fusion time increases, the Fe content in the TiO2 
product also tends to decrease for the three particle sizes used. 
Whereas in Fig. 6(e), it can be seen that the fusion time tends 
not to significantly affect the Fe content in the TiO2 product at 
the several ratios used.

As an experimental control, all three particle sizes were 
roasted at 850°C for 150 minutes without naOh to determine 
the effectiveness of the fusion process against Ti content in 
TiO2 products. The use of hydrochloric acid is the same in 
both methods. TABLe 3 shows the Ti and Fe contents of TiO2 
products without adding naOh. The content TiO2 in products 
without naOh is low, ranging from 38 to 43%. It is significantly 
different from the addition of naOh 2:1 (naOh: Ti) at the same 
fusion time, which results in the lowest resulting mean of TiO2 
in the product of 89.07%.

TABLe 3

Ti and Fe content XrF analysis on TiO2 products without naOh 
addition

element
content (% wt)

0.177-0.149 mm 0.149-0.105 mm 0.105-0.074 mm
TiO2 39.816 43.611 38.214
Fe2O3 45.079 45.261 45.541

 
According to Fig. 7, the fusion process will alter the solid 

product’s compound before continuing with the leaching process. 
Ilmenite and magnetite are the most abundant compounds in the 
raw materials. The predominant compounds in the fusion prod-
ucts at a naOh: Ti = 1:2 ratio were sodium iron (III) titanium 
oxide (naFeTiO4), hematite (Fe2O3), and coesite (SiO2). The 
fusion products of the dominant compound at a naOh: Ti = 2:1 
ratio are sodium iron titanate (na0.75Fe0.75Ti0.25O2), sodium ti-
tanium oxide (naTiO2) and calcium iron oxide (Ca2,5Fe15,5O25). 
The dominant compound resulting from fusion at the ratio 
naOh:Ti = 4:1 is magnesioferrite (Fe2mgO4).

Foley and mackinnon also discovered sodium iron titanate 
and sodium titanium dioxide. The mechanism of the observed 
reaction can be explained by reactions (1) to (3) [33,34]:

 2 na2O (l) + 4 FeTiO3 (s) + O2 (g) → 4NaFeTiO4 (s) (1)

 6 na2O (l) + 12 FeTiO3 (s) + 

 + 3 O2 (g) → 4NaFeTi3O8 (s) + 8 naFeO2 (s)  (2)

 14 na2O (l) + 12 FeTiO3 (s) + 

 + 3 O2 (g) → 16 Na0.75Fe0.75Ti0.25O2 (s) + 

 + 8 na2TiO3 (s) (3)

The analysis showed that the naOh: Ti = 1:2 ratio was only 
available in sufficient quantities to form naFeTiO4. Increasing 

the naOh ratio causes the sodium ions (na2O) to melt, allow-
ing reactions (2) and (3) to take place. Based on other studies’ 
findings, the fusion process’s overall reaction can be written at 
the reaction (4) [34-36].

 28 FeTiO3 + 22 na2O + 
 + 7 O2 → 16 Na0.75Fe0.75Ti0.25O2 + 3 naFeTiO4 + 
 + 4 na2Fe2Ti3O10 + 4 na2TiO3 + 
 + 2 na8Ti5O14 + 10 naFeO2 (4)

during the fusion reaction, contaminants like aluminum, 
chromium, silicon, phosphorus, vanadium, calcium, and magne-
sium are extracted. Sodium titanate and sodium ferrates might 
also be generated by the reaction [28]. The naOh: Ti ratio of 
2:1 had a purer TiO2 product than the lower ratio, indicating that 
the alkali fusion process successfully separated the impurities 
from titanium.

Fig. 8 depicts the results of hSp processing, which show 
a phase transition from raw materials to TiO2 products. Ilmenite 
and magnetite are the most abundant compounds in the raw mate-
rial. The diffractogram of TiO2 products at the naOh: Ti = 1:2 
(w/w) ratio reveals that the dominant compounds are sodium 
iron (III) titanate (naFeTiO4), andradite (Ca3Fe1.88Si3O12), and 

Fig. 7. Xrd pattern of fusion product, Br1F6 (fusion with naOh: 
Ti = 1:2 (w/w), t = 60 minutes), Br2F6 (fusion with naOh:Ti = 2:1 
ratio (w/w), t = 60 minutes), Br3F6 (fusion with naOh:Ti = 4:1 ratio 
(w/w), t = 60 minutes)
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coesite (SiO2). The XrF analysis of TiO2 products at a naOh: Ti 
= 1:2 (w/w) ratio (Fig. 6(b,c)) revealed low Ti content while high 
Fe and other impurity content. The diffractograms TiO2 products 
with ratios naOh: Ti = 2:1 (w/w) and naOh: Ti = 4:1 (w/w) 
shows the dominant compound is rutile (Br2AL6 and Br3AL6). 
The results of the XrF analysis (Fig. 6(a,b,c)) also showed the 
same thing where the content of Ti is already above 90%.

Fig. 8. Xrd pattern of material (0.177-0.149 mm mesh) and TiO2 
product with naOh: Ti ratio, Br1AL6 (fusion with naOh:Ti = 1:2 
(w/w), t = 60 minutes), Br2AL6 (fusion with naOh:Ti = 2:1 ratio 
(w/w), t = 60 minutes), Br3AL6 (fusion with naOh:Ti = 4:1 ratio 
(w/w), t = 60 minutes)

An increasing naOh: Ti ratio (w/w) indicates an increas-
ing Ti content in TiO2 products (Fig. 6). The best results were 
obtained with a naOh: Ti = 2:1 (w/w) ratio and a 60-minute 
fusion time. When fusing below the 2:1 mole ratio, 850°C pro-
duced ternary phases and sodium iron titanates [38]. At 850°C, 
the influence of fusion time has been investigated. Figs. 7 and 8 
show that at a weight ratio of 1:2 (naOh: Ti), the effect of fusion 
time on Ti contents on TiO2 products is seen at a fusion time of 
150 minutes for all particle sizes. As for the weight ratio of 2:1 
and 4:1 (naOh: Ti), fusion time does not significantly affect the 
content of Ti in TiO2 products.

The Sem+edS results in Fig. 9 confirmed that the naOh: 
Ti ratio (w/w) significantly influences TiO2 products. When the 

naOh: Ti (w/w) ratio is less than 2:1 (Fig. 9a), the TiO2 product 
contains a high Fe content and impurities Al, Si, na, and Ca. 
With a naOh: Ti ratio of 2:1 (Fig. 9b), TiO2 products are purer, 
with a Fe content of about 1% and minor impurities Al and Si. 
The alkaline fusion process aims to produce sodium iron titan-
ate and extract water-soluble contaminants including aluminum, 
calcium, chromium, magnesium, phosphorus, vanadium, and 
silicon. The reaction produces water-soluble sodium silicate and 
sodium aluminate [9,30-2]. The conclusion is that the naOh fu-
sion process significantly impacts the Ti content of the products.

3.3.2. annoVa analysis

Fig. 10 depicts the most influential variables in sequence 
are the ratio of naOh: Ti (w /w), fusion time, and particle size. 
Fig. 10(a) shows the effect of the variable fusion time, particle 
size, and the ratio of naOh:Ti (w/w) on the percentage of ex-
traction of titanium (Ti), and Fig. 10(b) shows the effect of the 
variable fusion time, particle size, and the ratio of naOh:Ti 
(w/w) on the percentage of extraction of titanium (Fe). The 
steeper the line that is formed, the greater the influence of the 

Br1p68 (fusion with naOh: Ti = 1:2, t = 60 minutes)

Br1p68 (fusion with naOh: Ti = 2:1, t = 60 minutes)

Fig. 9. Sem+edS analysis of TiO2 product
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variable. Likewise, the more sloping the line is, the smaller the 
influence of the existing variables. Based on the findings of this 
study, it is possible to conclude that low-grade ilmenite ore can 
be processed into TiO2 with a Ti content ≥90%.

The main effect for Ti (% wt)

The main effect for Fe (% wt)
Fig. 10. The effects of variable time, particle size, and the ratio to 
percentage extraction of titanium and iron

4. conclusions

The characterization of Banten low-grade ilmenite ore 
reveals that the dominant compounds are ilmenite (FeTiO3), 
magnetite (Fe3O4), magnesioferrite (Fe2mgO4), and coesite 
(SiO2). more than 85% of the particles were magnetic, according 
to the magnetization distribution for each particle size. The best 
conditions were 60 minutes of fusion at 850°C, a 2:1 naOh: Ti 
ratio (w/w), and a 0.149-0.105 mm with 93.17% Ti in the prod-
uct. According to Taguchi’s analysis, the caustic fusion process 
significantly influences the resulting TiO2 product more than 
particle size and fusion time.
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