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Abstract Keywords

Red mud is a waste material generated during alumina Red mud, characterization,
refining that has traditionally been viewed as an envi- adsorbance, nano, properties
ronmental and disposal challenge. The history of red

mud, its traditional uses, and potential applications

in the future, particularly in carbon capture were ex-

plored. However, recent research has revealed that red

mud has potential for a range of applications, include-

ing environmental remediation, energy conversion,

and materials science. In particular, nano red mud has

emerged as a promising material due to its high surface

area, enhanced adsorption and catalytic properties, and

potential for functionalization. Despite these ad-

vantages, there are also potential health and safety con-

cerns associated with the use of nano red mud, and the

synthesis of this material can be expensive and difficult.

Nonetheless, further research is needed to optimize the

synthesis and application of red mud and nano red

mud, and to address the challenges and limitations

associated with their use. The potential applications
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Introduction. Red mud, also known as bauxite residue, is a byproduct of the
Bayer process, which is used to extract aluminum oxide from bauxite ore.
Bauxite is a reddish-brown rock that is primarily composed of aluminum
hydroxide minerals, along with various impurities such as iron oxides, silica,
and titania. During the Bayer process, bauxite ore is digested with a solution of
sodium hydroxide at high temperature and pressure, which dissolves the
aluminum oxide and leaves behind the impurities as a solid residue. This solid
residue, known as red mud, is highly alkaline and can have a pH value as high
as 13. Red mud is typically stored in large ponds or impoundments, which can
pose a risk of environmental contamination if not properly managed. The high
pH of red mud can cause it to leach heavy metals and other contaminants into
the surrounding soil and water, which can have negative impacts on local
ecosystems and human health. However, red mud also contains valuable metals
such as iron, titanium, and rare earth elements, which can be extracted and used
for various applications. Researchers are exploring ways to develop more
sustainable and environmentally friendly methods for processing red mud, such
as using it as a source of raw materials for construction or using it to remove
pollutants from wastewater [1-3].

The usage and application of red mud have evolved over time and continue
to evolve as new technologies and applications are developed. In the past, red
mud was primarily disposed of in large impoundments or ponds, where it could
pose a risk of environmental contamination. Red mud has been used as a source
of raw material for manufacturing building materials such as bricks and tiles,
due to its high content of iron and aluminum oxides. In present, red mud can be
used as a substitute for clay in cement production, reducing the need for virgin
raw materials and lowering carbon emissions. Red mud can be used as a soil
amendment to improve soil structure and fertility, and to remediate contami-
nated soils. Red mud can be used to remove pollutants such as heavy metals,
organic compounds, and nutrients from wastewater. In future, red mud con-
tains high concentrations of rare earth elements, which are critical for many
high-tech applications. Researchers are developing new methods for extracting
these elements from red mud. It has high levels of iron, which can be used
to produce iron-based batteries for energy storage. Red mud can be used as a
sorbent for capturing carbon dioxide from industrial emissions. The future
of red mud usage and application is likely to focus on finding innovative ways
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to extract valuable metals and minerals, while also reducing the environmental
impact of red mud disposal. The potential usage of red mud in future has several
potential futures uses that could help to reduce waste, create new products,
and support sustainable development. Red mud contains high concentrations
of rare earth elements (REEs), which are critical for many high-tech applica-
tions, including smartphones, electric vehicles, and renewable energy systems.
Researchers are exploring new methods for extracting these REEs from red mud,
which could help to reduce our reliance on rare earth mining and improve
the sustainability of these industries. It can be used as a raw material for manu-
facturing building materials such as bricks and tiles, due to its high content
of iron and aluminum oxides. Researchers are exploring ways to use red mud
in more advanced construction materials, such as concrete and asphalt, which
could help to reduce the environmental impact of these industries. It can be used
as a sorbent for capturing carbon dioxide from industrial emissions. Researchers
are exploring ways to optimize this process, which could help to reduce green-
house gas emissions and mitigate climate change. The potential uses of red mud
in the future are wide-ranging and diverse, reflecting the material’s high value
and versatility. Continued research and development in this area could help
to create new industries, reduce waste, carbon capture, and support sustainable
development [3-6]. The concept of carbon capture in Fig. 1.
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COs-rich solution ~ CO,-rich slurry

Fig. 1. The carbon capture process:

1 — CO; absorber; 2 — crystallization; 3 — separation; 4 — dissolution

Overview of red mud and its synthesis for adsorbent. Following new issue,
the global agreement to reduce carbon emissions has increased the demand
for sustainable and environmentally friendly products and processes, which has
created new opportunities for red mud utilization. It can be used as a sorbent
for capturing carbon dioxide from industrial emissions. By using red mud
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as a carbon capture material, industries can reduce their carbon footprint
and contribute to the global effort to mitigate climate change [7]. Also, it can
be used as a substitute for clay in cement production, reducing the need for virgin
raw materials and lowering carbon emissions. As the construction industry seeks
to reduce its carbon footprint, the use of red mud in cement production could
become more widespread. It contains high levels of iron, which can be used
to produce iron-based batteries for energy storage. As renewable energy systems
become more common, the demand for sustainable and cost-effective energy
storage solutions is increasing. Red mud-based batteries could help to meet this
demand while reducing the environmental impact of energy storage systems.
It has high concentrations of REEs, which are critical for many high-tech
applications. By recovering these REEs from red mud, industries can reduce their
reliance on environmentally damaging rare earth mining and support
the development of more sustainable technologies. Another function, it can
be used to remove pollutants such as heavy metals, organic compounds, and
nutrients from wastewater. By using red mud in wastewater treatment, industries
can reduce their environmental impact and support sustainable water
management practices. The red mud has significant potential for use in a carbon-
less future, with applications ranging from carbon capture to rare earth element
recovery to battery production. Continued research and development in this area
could help to create new industries, reduce waste, and support sustainable
develop-ment [8].

The conceptualization of carbon capture using red mud involves using the
material as a sorbent to capture carbon dioxide CO; from industrial emissions.
The process involves exposing the red mud to a stream of flue gas, which con-
tains CO; as well as other pollutants such as sulfur dioxide and nitrogen oxides.
The red mud sorbent reacts with the CO», absorbing it and trapping it within
the material. The resulting “captured” CO. can then be sequestered or used
in other applications. There are several advantages to using red mud as a carbon
capture material. First, it is readily available and inexpensive, as it is a byproduct
of the aluminum refining process. Second, it has a high surface area and high
alkalinity, which make it an effective sorbent for CO,. Third, using red mud
for carbon capture can help to reduce the environmental impact of industrial
emissions and contribute to global efforts to mitigate climate change. There are
several challenges associated with using red mud for carbon capture as well.
One challenge is the potential for the red mud to leach out heavy metals
and other pollutants when exposed to water or acidic conditions. Another chal-

lenge is the need to optimize the sorbent material to maximize CO; capture
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while minimizing other undesirable reactions. Despite these challenges, re-
searchers and companies are actively exploring the use of red mud for carbon
capture, with promising results. Continued research and development in this
area could help to improve the efficiency and effectiveness of red mud-based
carbon capture technologies and support the transition to a more sustainable
and low-carbon future.

The mechanisms of carbon capture in red mud involve the adsorption and
chemical reactions between CO; and the components of the red mud. CO;
molecules are physically adsorbed onto the surface of the red mud particles. This
occurs due to the high surface area of the red mud, which provides ample sites
for CO; adsorption. CO2 molecules react chemically with the metal oxides in the
red mud, forming stable carbonates. The alkaline nature of red mud, due to the
presence of metal hydroxides and carbonates, enhances the chemisorption
process. The carbonates formed in the chemisorption step react with water
to form bicarbonates, which can be converted back to CO. by heating. This

allows the captured CO. to be sequestered or used in other applications.
The specific mechanisms of carbon capture in red mud can vary depending
on factors such as the composition of the red mud and the conditions under
which the capture process takes place. However, the overall process generally
involves a combina-tion of physical adsorption and chemical reactions between
CO2 and the components of the red mud [9].

Activating the carbon capture property in red mud involves modifying
the material to increase its surface area and alkalinity, which enhances its ability
to adsorb and chemically react with CO,. Treating red mud with an acid, such
as hydrochloric acid or sulfuric acid, can increase its surface area and porosity,
making it more effective at adsorbing CO; [10]. This process is known as acid
activation and involves leaching out the metal oxides and other impurities that
can block adsorption sites. Red mud is naturally alkaline due to the presence
of metal hydroxides and carbonates, but treating it with an alkali, such as
sodium hydroxide or potassium hydroxide, can increase its alkalinity and
enhance its carbon capture properties. Impregnation involves soaking red mud
in a solution of chemicals that can enhance its carbon capture properties, such as
potassium carbonate or sodium carbonate. This process can increase the
amount of chemically reactive sites on the red mud surface, improving its ability

to capture CO». Heating red mud can increase its porosity and surface area,

making it more effective at adsorbing CO,. This process is known as thermal
activation and involves heating the red mud at temperatures between 200 °C
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and 800 °C. Overall, activating the carbon capture property in red mud involves
modifying its properties to enhance its adsorption and chemical reaction
capabilities. Each activation method has its own advantages and limitations, and
the optimal method will depend on factors such as the composition of the red
mud and the specific carbon capture application [11-17]. The carbon yield
in carbon capture process of red mud in Fig. 2.
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Fig. 2. The carbon yield of red mud [10]

Nano red mud and recent development. Particle size also can have a signif-
icant effect on the carbon capture property of red mud. Smaller particle size
results in a higher surface area per unit mass of red mud, which can increase

the number of adsorption sites available for CO; capture [18-22]. This can en-
hance the physical adsorption of CO; onto the surface of the red mud particles.
This process can enhance diffusion of CO; into the internal pores of the red

mud particles, allowing for greater penetration of CO> into the material and in-
creasing the amount of chemisorption that occurs. And it can enhance
the chemical reactivity of red mud due to the increased accessibility of metal
oxide sites. This can lead to a greater extent of carbonation and bicarbonate
formation, which can increase the overall CO: capture capacity of the red mud
[17-24]. However, there are also some potential drawbacks to using smaller
particle sizes of red mud for carbon capture. These include increased pressure
drop in the capture system due to the smaller pore size, increased tendency
for particle agglomeration, and increased difficulty in separating the red mud
particles from the gas stream after capture [25].

Nano red mud can be produced using a variety of methods, including
chemical, physical, and biological methods. Here are some common mecha-
nisms for making nano red mud, sol-gel method, this involves the hydrolysis

114 ISSN 1812-3368. Bectauxk MI'TY um. H.9. baymana. Cep. EcrecTBennbie Hayku. 2024. Ne 4



The Physical Properties of Red Mud as Absorbance

and condensation of metal alkoxides or metal salts in a solution containing red
mud particles. This results in the formation of a gel, which can be dried and cal-
cined to produce nano red mud particles. This method allows for precise control
over the particle size and morphology of the resulting material. Ultrasonication,
the use of high-frequency sound waves to break down red mud particles into
smaller sizes. This can be done in a liquid medium to produce a stable suspen-
sion of nano red mud particles. This method is relatively simple and low-cost
but can be time-consuming and may require the use of surfactants to stabilize
the suspension. Ball milling, the use of mechanical force to break down red mud
particles into smaller sizes. This can be done using a ball mill, which uses balls
of different sizes and materials to grind the red mud particles into a fine powder.
This method is relatively simple and low-cost but can lead to particle agglomera-
tion and contamination from the milling media. Biogenic method, the use
of microorganisms, such as bacteria or fungi, to biologically synthesize nano red
mud particles. This method is environmentally friendly and can produce highly
crystalline particles with well-defined shapes and sizes. However, it can be time-
consuming and may require the use of specialized equipment and culture media.
The mechanisms for making nano red mud depend on the specific application
and desired properties of the resulting material. Careful consideration of the ad-
vantages and disadvantages of each method is necessary to choose the optimal
approach for a given application. There has been significant recent research fo-
cused on the synthesis and application of nano red mud. Nano red mud has
been found to be an effective adsorbent for heavy metals such as lead, cadmium,
and chromium. Recent studies have focused on optimizing the synthesis of nano
red mud particles to enhance their adsorption properties and to develop novel
functionalization strategies to improve their selectivity and reusability. It has
also been investigated as a potential adsorbent for carbon capture. Recent
studies have focused on optimizing the synthesis of nano red mud particles

to enhance their CO; adsorption capacity and stability under various operating
conditions. It has been found to exhibit catalytic activity for a variety of chemical

reactions, including the conversion of CO; to value-added chemicals and the
degradation of organic pollutants. Recent studies have focused on understand-
ing the underlying mechanisms of these catalytic processes and developing new

catalyst formulations based on nano red mud particles [26-33]. CO2 neutraliza-
tion is using reaction equations [25]:

NaAl(OH)4 + CO; <> NaAlCO3(OH), + H,O (1)
NaOH +CO; <> NaHCO3 (2)
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Na2COs3 + COz + H2O «<» 2NaHCOs3 (3)
3Ca(OH); + 2AI(OH)3 + 3CO;2 «» 3CaCOs + AlLO3 + 3H,O (4)
Nag[AlSiO4]6 + 2NaOH + 2CO2 <> Nag[AlSiO4]6 + NaHCO3 (5)

Equations (1)-(5) demonstrate that the use of red mud as CO, absorbance
can be adjusted, as can the use of novel media to reduce the glass house effect.

Nano red mud has several advantages and disadvantages compared to con-
ventional red mud. Nano red mud has a significantly higher surface area than
conventional red mud, which makes it more reactive and increases its adsorp-
tion and catalytic properties. It can be functionalized with various surface
groups to enhance its selectivity for specific target compounds or ions. It has less
prone to agglomeration and sedimentation than conventional red mud particles,
which makes them more stable and easier to handle. It can potentially be synthe-
sized using greener and more sustainable methods, such as biogenic synthesis,
which reduces the environmental impact of the material [28-30].

Nano red mud particles also have disadvantages, it may pose health and safe-
ty risks due to their small size and high surface area. Proper safety measures must
be taken when handling and synthesizing nano red mud. The synthesis of nano
red mud can be more expensive and time-consuming than conventional red mud
due to the need for specialized equipment and processing methods. Nano red
mud may not be widely available, and the quality and consistency of the material
may vary depending on the synthesis method and source. It has prone to aggre-
gation and may lose their properties if not properly stabilized or dispersed. Over-
all, the advantages and disadvantages of nano red mud depend on the specific
application and synthesis method. Careful consideration of these factors is neces-
sary to determine whether nano red mud is a suitable material for a given appli-
cation [31-33].

Conclusion. Red mud is a by-product of alumina refining and has tradi-
tionally been viewed as a waste material. However, recent research has shown
that red mud has potential applications in a variety of fields, including environ-
mental remediation, energy conversion, and materials science. In particular,
nano red mud has emerged as a promising material due to its high surface area,
enhanced adsorption and catalytic properties, and potential for functionaliza-
tion. However, the use of nano red mud also presents potential health and safety
concerns and may be more expensive and difficult to synthesize than conven-
tional red mud. As the field continues to develop, further research will be need-
ed to optimize the synthesis and application of red mud and to address the chal-
lenges associated with its use. Nevertheless, the potential applications of red
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mud and nano red mud are promising, and they have the potential to contribute
to a more sustainable and resource-efficient future.
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