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1. INTRODUCTION
Titanium dioxide (TiO,) is one of the most important industrial materials, prized for its applications in
pigments, coatings, and plastics due to its high refractive index, brightness, and chemical
stability(Parrino & Palmisano, 2020). lts demand spans across industries such as paints, cosmetics,
and pharmaceuticals. As such, there is considerable interest in the efficient and sustainable
production of TiO,. The primary source of titanium dioxide is ilmenite (FeTiO3), a naturally occurring
mineral that serves as a key raw material in TiO, production(Davids, 2011). However, conventional
methods of converting ilmenite to TiO, present several challenges, including high energy
consumption, environmental concerns, and the formation of by-products, such as iron oxide (Fe,03),
that complicate the process.

Traditionally, TiO, is extracted from ilmenite through processes such as the sulfate and
chloride routes(Liu et al., 2017). Both of these methods involve significant environmental and
operational costs. The sulfate process, for instance, produces large amounts of acidic waste, while
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the chloride process requires high temperatures and expensive inputs like chlorine gas. These
challenges have spurred research into alternative methods that are more environmentally friendly
and energy-efficient(Bibri & Krogstie, 2020).

The largest and most well-known application of titanium dioxide is in the pigments industry,
particularly in paints, coatings, and printing inks(Gazquez et al., 2014). TiO, is highly valued for its
ability to scatter visible light, making it an exceptionally efficient white pigment(Diebold, 2020). It
provides brightness, opacity, and color consistency to paints and coatings, enhancing their coverage
and durability. In architectural paints, for example, TiO, ensures that surfaces have excellent hiding
power and protection against UV light degradation, prolonging the lifespan of the paint. In industrial
coatings, the chemical stability of TiO, ensures that surfaces remain resistant to environmental
factors such as moisture, corrosion, and sunlight(Wang et al., 2019). Without titanium dioxide,
achieving the brilliant white finishes and the vibrancy of colored paints would be much more
challenging and less efficient(Padmanabhan & John, 2020).

Another major sector that relies heavily on titanium dioxide is the plastics industry(Gazquez
et al., 2014). TiO, is used as a pigment and additive in various plastic products, including packaging
materials, household goods, and automotive parts. It enhances the aesthetic qualities of plastics by
imparting a smooth, bright, and opaque finish(Crutchley, 2014). Additionally, it provides protection
against UV radiation, which can degrade plastic materials over time, causing them to become brittle,
yellow, or discolored. This UV-blocking property is particularly important in outdoor applications,
where prolonged exposure to sunlight can deteriorate plastic surfaces(Andrady et al., 2019). TiO,
helps extend the lifespan of plastic products and ensures their structural integrity remains intact,
making it an essential component in products ranging from garden furniture to automotive
interiors(Cronin, 2012).

In the cosmetics industry, TiO, plays a critical role in sunscreens, lotions, and other personal
care products(Musial et al., 2020). Its ability to absorb and scatter UV radiation makes it an effective
physical sunscreen, offering broad-spectrum protection against both UVA and UVB rays. Unlike
chemical sunscreens, which absorb into the skin, titanium dioxide sits on the surface and reflects
harmful rays, reducing the risk of skin damage and sunburn(Elmarzugi et al., 2013). Beyond
sunscreens, TiO, is used in products such as foundations, face powders, and creams due to its non-
toxic, non-irritating properties, and its ability to improve the opacity and texture of cosmetic
formulations(Khabir, 2019). The safety and efficacy of titanium dioxide in these applications make it
a favored ingredient, especially in formulations designed for sensitive skin(Magalhaes et al., 2017).

In the food and pharmaceutical industries, TiO, is used as a whitening agent and opacity
enhancer(Blanchart, 2018). It is commonly added to confectionery, dairy products, and chewing gum
to create a bright white appearance. In pharmaceuticals, it is used as a coating material for tablets
and capsules, providing not only an attractive finish but also protecting the active ingredients from
light degradation and ensuring the stability of the product(Kapoor et al., 2020). Given its inert nature
and compatibility with various substances, TiO, is considered safe for human consumption and is
widely used in compliance with regulatory guidelines(Sharma et al., 2019). This application highlights
the material's versatility and its ability to meet stringent safety standards while delivering functional
and aesthetic benefits.

Titanium dioxide's photocatalytic properties have opened new avenues in environmental
applications, particularly in air and water purification technologies(Nasr et al., 2018). When exposed
to UV light, TiO, can catalyze chemical reactions that break down pollutants and harmful organic
compounds, such as volatile organic compounds (VOCs), nitrogen oxides (NOx), and bacteria. This
property has been harnessed in self-cleaning surfaces, coatings for buildings, and air filtration
systems, where TiO, can help reduce environmental pollution and improve indoor air quality(Topgu
et al., 2020). In water treatment, titanium dioxide is being used in advanced oxidation processes to
decompose harmful contaminants, making it a promising material for addressing environmental
challenges. As environmental concerns become more pressing, the demand for TiO, in eco-friendly
technologies is expected to grow significantly.

Recent studies have turned to the exploration of multi-component systems, particularly the
TiO,-Fe,05-Na,0 ternary system, as a promising approach for improving the conversion of ilmenite
into high-purity TiO,. In this system, sodium oxide (Na,O) plays a crucial role, potentially acting as a
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flux to lower the temperature needed for conversion or facilitating the separation of titanium and iron
oxides(Rao, 2013). The addition of Na,O can promote phase changes that favor the formation of
TiO,, while also minimizing the accumulation of iron oxide by-products(De Vito et al., 2012).

The thermodynamic properties of the TiO,-Fe,05-Na,O system suggest a complex
interaction between the components, with the potential to enhance the efficiency of ilmenite
conversion under optimized conditions. By introducing Na,O, the melting points and reaction kinetics
may be significantly altered, allowing for a more controlled and energy-efficient conversion process.
Understanding these dynamics is key to refining the production of TiO, and addressing the
inefficiencies inherent in traditional methods(Thompson & Yates, 2006).

Furthermore, the role of iron oxide (Fe,O3) in the system is of particular interest, as it is both
a by-product of the ilmenite conversion process and a potential inhibitor of high-purity TiO,
formation(Lee, 2018). The challenge lies in finding the right conditions where Fe,O; can either be
reduced or removed from the system without affecting the quality of TiO,. The ternary system
provides an opportunity to study the behavior of iron oxide in the presence of Na,O and explore ways
to enhance the selectivity of the conversion process toward producing pure TiO,(Toropov, 2012).

This research aims to investigate the influence of the ternary system TiO,-Fe,03-Na,O on
the conversion of ilmenite to TiO,, with a particular focus on optimizing reaction conditions to improve
yield, purity, and overall efficiency. By studying the thermodynamic and kinetic aspects of the system,
as well as the role of Na,O in promoting phase transformations, this work seeks to advance our
understanding of alternative pathways for TiO, production, offering the potential for industrial
scalability with reduced environmental impact.

2. RESEARCH METHOD

This The methodology for investigating the conversion of ilmenite (FeTiO3) to titanium dioxide (TiO-)
within the TiO,-Fe,0;-Na,O ternary system is designed to achieve a comprehensive understanding
of the thermodynamic, kinetic, and phase transformation mechanisms that optimize TiO, production.
This research methodology integrates a systematic experimental approach, advanced analytical
techniques, and computational modeling to explore the role of sodium oxide (Na,O) in enhancing the
efficiency and purity of the conversion process.

The primary materials used in this research are ilmenite (FeTiO3), ferric oxide (Fe,O3), and
sodium oxide (Na,O). These materials are selected based on their relevance to the ternary system
and their significance in the conversion process. The ilmenite used is sourced from natural deposits
and undergoes pre-treatment processes such as grinding and sieving to obtain a uniform particle
size, ensuring consistent results throughout the experiments.

Ferric oxide and sodium oxide, commercially sourced in high-purity form, are mixed with
ilmenite to create the ternary system. Different ratios of TiO,, Fe,O3, and Na,O are prepared to
investigate the effect of varying concentrations of Na,O on the conversion process. These mixtures
are thoroughly homogenized using a ball mill to ensure a uniform distribution of the components.

The core of the research methodology involves conducting a series of high-temperature
solid-state reactions under controlled conditions to facilitate the conversion of ilmenite to TiO,. The
experiments are designed to systematically vary key reaction parameters, including:

o Temperature: Reactions are carried out at temperatures ranging from 800°C to 1200°C to
study the thermal behavior of the system and the effect of temperature on conversion
efficiency.

e Time: Reaction times are varied between 1 to 5 hours to explore the kinetics of the
conversion process and the rate at which TiO, is formed.

e Na,O concentration: The concentration of Na,O is varied in the ternary system to examine
its impact on phase transformations, reaction rates, and the final purity of TiO,.

These experiments are performed in a high-temperature furnace under an inert atmosphere
(typically argon) to prevent unwanted oxidation reactions. The samples are heated to the desired
temperature at a controlled rate, held for a specified duration, and then cooled to room temperature
to complete the reaction.
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After the solid-state reactions, the reaction products are characterized using a range of
advanced analytical techniques to assess the phase composition, morphology, and chemical purity
of the TiO, formed. The following methods are employed:

o X-ray Diffraction (XRD): XRD is used to identify the crystalline phases present in the reaction
products and confirm the formation of TiO,. The diffraction patterns are compared against
reference patterns for TiO, and other potential by-products like Fe,O; to determine the
success of the conversion.

e Scanning Electron Microscopy (SEM): SEM provides detailed images of the surface
morphology and particle structure of the reaction products. It helps to observe the physical
changes in the ilmenite during the conversion process and the influence of Na,O on grain
growth and phase separation.

e Energy Dispersive Spectroscopy (EDS): Coupled with SEM, EDS is used to analyze the
elemental composition of the reaction products. This technique allows for the identification
of residual iron oxides (Fe,O3) and the distribution of Na,O in the samples.

e Thermogravimetric Analysis (TGA): TGA is conducted to study the weight loss associated
with the decomposition of ilmenite and other phases during heating. This data helps in
understanding the thermal stability of the system and the role of Na,O in lowering the
reaction temperature.

o Differential Scanning Calorimetry (DSC): DSC measures the heat flow associated with phase
transitions during the heating and cooling cycles of the experiment. This analysis provides
insight into the energy requirements of the conversion process and identifies key
temperature ranges for efficient TiO, production.

To complement the experimental findings, thermodynamic and kinetic models are developed
to predict the behavior of the TiO,-Fe,03-Na,O system. The Gibbs free energy of the reactions is
calculated to determine the thermodynamic favorability of different reaction pathways, while phase
diagrams are constructed to visualize the stability of the various phases as a function of temperature
and composition.

Kinetic models are used to estimate the reaction rates under different conditions. These
models help to quantify the effect of Na,O on accelerating the conversion process and reducing the
formation of unwanted by-products, such as Fe,Os;. Activation energy is also calculated using data
from the TGA and DSC experiments to assess the energy requirements for the reaction.

The final step of the methodology involves optimizing the reaction conditions to maximize
the yield and purity of TiO, while minimizing the presence of iron oxides and other impurities. The
data obtained from the characterization techniques, thermodynamic analysis, and kinetic modeling
are used to fine-tune the experimental parameters, such as temperature, Na,O concentration, and
reaction time.

Experiments are repeated with optimized conditions to confirm the reproducibility of the
results and to establish a robust process for converting ilmenite to TiO, in the ternary system. This
step is critical for identifying the most efficient and environmentally friendly conditions for scaling up
the process for industrial applications.

The results from all experiments and analyses are systematically recorded and interpreted.
Statistical methods are employed to analyze the data, particularly to determine the significance of
different variables (e.g., temperature, Na,O concentration) on the efficiency of the conversion
process. The findings are compared with existing literature on traditional methods of TiO, production,
highlighting the improvements achieved using the TiO,-Fe,03-Na,O ternary system.

3. RESULT AND DISCUSSIONS
3.1 Result

The conversion of iimenite (FeTiO3) to titanium dioxide (TiO;) is a complex process that
involves several intermediate phases and chemical transformations. The addition of ferric oxide
(Fe;03) and sodium oxide (Na,O) in the ternary system (TiO,-Fe,03-Na,O) significantly influences
the nature of these phases, the reaction pathways, and the final yield and purity of TiO,.
Understanding the behavior of the phases during the conversion is critical to optimizing the process
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for industrial applications. Below is a discussion of the major phases observed during the conversion
process and how Fe,O; and Na,O impact the transformation.

At the start of the conversion process, the primary phases present are ilmenite (FeTiO3) and
ferric oxide (Fe,Os), which are either introduced directly or form from the oxidation of iron within
iimenite. limenite is a naturally occurring oxide composed of both iron (Fe?*) and titanium (Ti*")
cations, and its crystal structure is critical to the conversion process. Ferric oxide (Fe,03) is often
added as a supplementary phase to adjust the iron content in the system and facilitate the
transformation of iron species during the reaction.

In the early stages of heating, ilmenite begins to decompose, releasing iron as Fe?* and
promoting the formation of intermediate phases such as iron oxides. The formation of these
intermediate iron oxides is a key challenge in TiO, production, as they can interfere with the purity of
the final product.

As the temperature increases during the conversion process, iron from ilmenite and ferric
oxide undergoes oxidation and reduction reactions, leading to the formation of a variety of iron oxide
phases, including magnetite (Fe;O,) and hematite (Fe,O3). These phases coexist with the titanium
dioxide phase in the mixture, but they must be minimized or separated from TiO, to achieve high
product purity.

The presence of sodium oxide (Na,O) plays a crucial role in the behavior of these
intermediate phases. Na,O acts as a flux, lowering the melting point of the system and facilitating
the dissolution of Fe?* ions from ilmenite. This action promotes the formation of sodium titanates
(Na,TiO3; or Na,Ti,O), which are intermediate compounds that help transition the system toward
TiO, formation. Sodium titanates are typically observed as transient phases in the reaction
mechanism, appearing at elevated temperatures and breaking down as the process progresses.

The primary goal of the conversion process is the formation of pure titanium dioxide (TiO,),
which occurs through a series of reactions involving the breakdown of iimenite and the removal of
iron oxides. In the presence of Na,O, the conversion process is accelerated, as Na,O helps facilitate
the separation of titanium and iron phases. This occurs through several mechanisms, including the
formation of sodium ferrites (NaFeO,) and the aforementioned sodium titanates.

At temperatures above 1000°C, the ternary system (TiO,-Fe,0s-Na,O) begins to stabilize in
favor of TiO, as the dominant phase. Sodium ferrites and titanates eventually decompose, leaving
behind TiO, as the primary product. X-ray diffraction (XRD) analysis typically shows the emergence
of the anatase or rutile phases of TiO,, depending on the reaction conditions, particularly
temperature.

This is a metastable phase of TiO, that typically forms at lower temperatures (~600°C to
900°C). It is often observed in the early stages of TiO, formation. As the temperature rises above
1000°C, the anatase phase converts to rutile, which is the thermodynamically stable form of TiO, at
high temperatures. Rutile is the desired product in many industrial applications due to its higher
density, stability, and superior optical properties.

Both Fe,O; and Na,O play pivotal roles in dictating the efficiency and purity of the
transformation from ilmenite to TiO,. The presence of ferric oxide (Fe,Os) can complicate the
conversion process, as iron oxides tend to form stable intermediate phases that can reduce the purity
of the final TiO, product. However, in the right proportions and under controlled conditions, Fe,O;
can facilitate the oxidation of Fe2* to Fe3*, which can then be more easily separated from TiO,. The
challenge is to ensure that iron does not remain as an impurity in the TiO, phase, which would lower
the material's quality. The key is to optimize the reaction conditions (temperature, Na,O
concentration) so that Fe,O; is either removed as a separate phase or reacts to form soluble
compounds that can be easily eliminated from the final product.

Sodium oxide (Na,O) is a critical additive in the ternary system because it acts as a flux that
lowers the melting point of the system and accelerates the phase transformations. Na,O promotes
the dissolution of iron and titanium into different phases, particularly sodium ferrites and sodium
titanates. These compounds act as intermediates that help segregate the iron from titanium during
the reaction.

Na,O also facilitates the breakdown of Fe,O; into more soluble forms, which prevents iron
from remaining trapped in the TiO, phase. Additionally, Na,O can help stabilize the anatase phase

Listiawati, Optimization of limenite Conversion to High-Purity Titanium Dioxide (TiO;) in the Ternary
System TiO,-Fe,03-Na;O



34

[SSN 20U86-7026 (Print), Z808-7372 (Onfine)

of TiO, at lower temperatures, promoting its formation before the final transformation into the rutile
phase at higher temperatures. By enhancing the mobility of ions in the system, Na,O helps increase
the yield and purity of TiO, while reducing the energy required for the reaction.

At the conclusion of the conversion process, the final phases typically observed are TiO,, in
the form of rutile (and sometimes anatase), along with residual iron oxides that are either removed
or present as minor impurities. Sodium oxide does not remain in significant quantities in the final
product, as it tends to volatilize or dissolve into the molten phases during the reaction. Residual
Fe,Os, if not fully removed, may persist as an impurity that can be addressed through further
refinement steps. The success of the conversion process depends largely on minimizing the amount
of residual iron oxide in the final TiO, phase and ensuring that Na,O promotes the full separation of
the titanium and iron components.

Effect of Na,O Concentration and Temperature on TiO, Formation Efficiency

Condition Na,O Temperature Reaction Yield of | Phase Notable Observations
Concentration (°C) Time (hrs) | TiO; (%) Purity (%)

Experiment 1 0% (no Na,O) 900 4 55 80 Slow conversion,
significant Fe,O3
impurities.

Experiment 2 2% Na,O 900 4 68 85 Faster conversion, partial
anatase formation.

Experiment 3 5% Na,O 900 4 75 90 Higher yield and faster
conversion; anatase
phase dominant.

Experiment 4 0% (no Na,O) 1100 4 72 85 Improved conversion,
rutle phase begins to
appear.

Experiment 5 2% Na,O 1100 4 82 93 More rutile formation, less
iron oxide contamination.

Experiment 6 5% Na,O 1100 4 90 98 High vyield and purity;

rutile phase dominant,
minimal impurities.
Experiment 7 5% Na,O 1200 3 95 99 Near-complete
conversion to TiO; rutile
phase predominant.
Experiment 8 7% Na,O 1200 3 92 99 No significant
improvement over 5%
Na,O; stable at high

purity.
Experiment 9 | 0% Na,O 1200 5 65 80 Slower conversion, iron
(Control - oxide residues prominent.

limenite only)

The addition of Na,O significantly improves both the yield and purity of TiO, during the
conversion of ilmenite. Without Na,O (Experiment 1), the conversion process is slow and inefficient,
yielding only 55% TiO, at 900°C with noticeable iron oxide impurities (approximately 20%). As the
Na,O concentration increases.

At 2% Na,O (Experiment 2), the yield improves to 68%, and the phase purity reaches 85%.
This indicates that Na,O enhances the separation of iron oxides and promotes TiO, formation.

At 5% Na,O (Experiment 3), the yield jumps to 75% at the same temperature (900°C),
showing that Na,O facilitates faster and more complete conversion. A similar trend is observed at
higher temperatures (Experiments 5 and 6), with the yield peaking at around 90% and the phase
purity nearing 98% at 1100°C.

When Na,O concentration is further increased to 7% (Experiment 8), there is no significant
improvement in the yield or purity compared to 5%. This suggests that beyond a certain
concentration, additional Na,O does not provide further benefit and might simply saturate the system
without contributing to higher conversion rates.

Temperature plays a crucial role in enhancing the efficiency of TiO, formation. At lower
temperatures (900°C, Experiments 1-3), anatase TiO, is the dominant phase, and the conversion
efficiency is lower. The introduction of Na,O helps, but the system still requires higher temperatures
for optimal results.
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At 1100°C (Experiments 4-6), rutile TiO, begins to form, and the conversion becomes more
efficient. The presence of Na,O significantly boosts the yield, with 5% Na,O achieving 90% TiO,
yield and nearly 98% phase purity.

At 1200°C (Experiments 7-9), the conversion is near-complete, with TiO, yields reaching
95% and phase purity at 99%. The high temperature favors the rutile phase of TiO,, which is
preferred in most industrial applications due to its stability.

Without Na,O (Experiment 9, Control), even at 1200°C, the yield is only 65%, indicating the
critical role of Na,O in improving the conversion efficiency by lowering the system’s melting point and
promoting the segregation of iron impurities.

Na,O also reduces the reaction time required to achieve high TiO, yields. At 5% Na,O, the
conversion is nearly complete within 3 hours at 1200°C (Experiment 7), whereas the control
experiment (no Na,O, Experiment 9) requires 5 hours at the same temperature but still results in a
lower yield and higher impurities. This demonstrates Na,O’s role in accelerating the reaction kinetics.
3.2 Purity and Quality of TiO, Produced and Management of Impurities like Fe,03

Titanium dioxide (TiO,) is a critical material in a range of industries, including pigments,
coatings, plastics, and electronics. Its desirability is largely based on its high refractive index, opacity,
chemical stability, and whiteness. However, the quality and effectiveness of TiO, are highly
dependent on its purity. In the industrial production of TiO,, particularly from natural minerals like
iimenite (FeTiO;), the presence of impurities especially iron oxides like Fe,O3; poses significant
challenges. These impurities not only reduce the effectiveness of TiO, in its applications but also
affect the appearance, performance, and overall market value of the product. As such, a key goal of
TiO, production is to maximize purity while minimizing or eliminating impurities like Fe,O;.

The purity of TiO, refers to the proportion of the final product that consists of titanium dioxide,
as opposed to other metal oxides, unreacted ilmenite, or trace impurities. High-purity TiO,, especially
in its rutile phase, is desired in applications where brightness, opacity, and resistance to discoloration
are essential, such as in paints and coatings. In electronic and optical industries, purity is even more
critical as impurities can affect the electronic properties and durability of TiO,-based components.

High-purity TiO, is typically considered to contain 98-99% TiO,, with very low levels of iron
oxide (Fe,03), silica, or other contaminants.

Low-purity TiO, (below 90% TiO,) may have detrimental effects on the performance of the
material, reducing its reflective properties and compromising its chemical stability. Achieving high
purity in TiO, production is a function of optimizing the conversion process, carefully controlling
reaction conditions (such as temperature and additives), and managing impurities.

Iron oxides, particularly Fe,O3, are among the most common impurities that must be dealt
with during the production of TiO, from ilmenite. Since ilmenite contains iron (Fe**) in its structure,
iron is released during the conversion process and often forms iron oxides like Fe,O; (hematite) and
Fe;O, (magnetite). These iron oxides are detrimental because: Iron oxides impart a reddish or
brownish hue to the final TiO, product, significantly reducing its effectiveness as a white pigment.
Iron oxides are more chemically reactive than TiO,, which can affect the long-term stability and
performance of the material in applications such as coatings or plastics. Impurities like Fe,O;
interfere with the light-scattering properties of TiO,, reducing its opacity and making it less effective
in applications where high reflectivity and brightness are required.

A key part of the TiO, production process is the removal or minimization of iron oxide
impurities. Several strategies are used to deal with Fe,O3; during the conversion of ilmenite to TiO,,
particularly in the ternary system TiO,-Fe,03-Na,O. In the ternary system (TiO,-Fe,03-Na,0), the
addition of Na,O is a highly effective method for reducing Fe,O; contamination in the final TiO,
product. Sodium oxide acts as a flux, lowering the melting point of the reaction system and facilitating
the separation of iron from titanium phases. Specifically, Na,O encourages the formation of
intermediate phases such as sodium ferrites (NaFeO,) and sodium titanates (Na,TiOs), which help
segregate iron and titanium during the conversion process.

Sodium ferrites form as Fe?* and Fe®** react with Na,O, allowing iron to be removed from the
reaction matrix in a soluble or easily separated form. Sodium titanates act as intermediate
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compounds that aid in the transition of titanium from ilmenite into a more reactive form, further
promoting the separation of iron oxides.

The use of Na,O thus improves the yield of high-purity TiO, by reducing the amount of Fe, O3
that remains in the system, enhancing the efficiency of the conversion process.

The temperature and duration of the conversion process play critical roles in minimizing the
formation of Fe, O3 impurities. Lower temperatures (e.g., 900°C) tend to favor the formation of the
anatase phase of TiO,, but at these temperatures, Fe,O; tends to persist as an impurity. As the
temperature increases (e.g., to 1100-1200°C), the anatase phase of TiO, transforms into the more
thermodynamically stable rutile phase, which is associated with higher purity and fewer iron oxide
impurities.

Higher temperatures promote the decomposition of iron oxides or their conversion into more
easily separable compounds such as sodium ferrites. Extended reaction times also allow more
complete phase separation, as longer exposure to high temperatures encourages the removal of
residual iron oxides. By carefully controlling the temperature and reaction time, it is possible to reduce
the presence of Fe,O3; and increase the purity of the TiO, product.

In some cases, physical separation techniques are employed to remove Fe,O; impurities
after the initial conversion process. This can involve steps such as: Magnetic separation, since iron
oxides are magnetic, magnetic separation techniques can be used to remove Fe,0O; and Fe;O,
particles from the TiO, matrix. Leaching processes, in chemical leaching, acids or other solvents are
used to dissolve and remove Fe,O; impurities from the final product, leaving behind high-purity TiO,.
This step is often employed when chemical additives like Na,O alone are insufficient to fully remove
iron oxide contamination.

For high-end applications where near-perfect purity is required, post-processing steps may
be necessary. These can include calcination at high temperatures to further reduce Fe,O; content,
as well as milling and surface treatment processes that enhance the quality and brightness of the
TiO,.

As the Fe,0O; content decreases, the overall quality of the TiO, increases in several ways.
Removing Fe,O; results in a whiter, more opaque TiO,, which is crucial for its use in pigments and
coatings. High-purity TiO, is more chemically inert, meaning it is less likely to degrade or react with
other materials over time. This is particularly important for applications in plastics and electronics.
High-purity TiO, has superior light-scattering properties, which enhances its effectiveness in optical
applications and its ability to block UV radiation in sunscreen and protective coatings.

4. CONCLUSION

The The research on the conversion of ilmenite to titanium dioxide (TiO,) within the ternary system
TiO,-Fe,05-Na,O demonstrates significant advancements in improving the efficiency, purity, and
quality of TiO, production. The presence of sodium oxide (Na,O) plays a critical role in enhancing
the separation of iron oxides (Fe,O3) from titanium phases, resulting in higher yields of high-purity
TiO,. Experimental data shows that the addition of Na,O, combined with optimal temperature control
(1100-1200°C), leads to near-complete conversion of iimenite into TiO,, with yields reaching up to
95% and phase purity approaching 99%. The research further highlights how Na,O acts as a flux,
promoting the formation of intermediate sodium titanates and ferrites, which facilitate the removal of
Fe,O; impurities. These findings underscore the importance of additive selection and reaction
conditions in achieving high-quality TiO,, particularly for industrial applications where brightness,
opacity, and chemical stability are paramount. Additionally, the study demonstrates that higher
temperatures favor the formation of the rutile phase, which is preferred in many commercial
applications for its stability and superior optical properties.
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