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Red mud, a solid byproduct from bauxite ore processing for Al;O3 production, encompasses valuable industrial
metals, including Fe and Al. The objective of the present study was to investigate the feasibility of an integrated
route for the efficient use of red mud for the multistep extraction of Fe and Al. Carbothermic roasting was
performed in the presence of NapCOs to reduce iron oxide to metallic iron. Optimal roasting conditions
(reductant dosage: 1 g, temperature: 900 °C, time: 120 min, and charge ratio 10:5:1) yielded a 95.6 % recovery of
the magnetic fraction. Applying a magnetic gradient of 0.1 T resulted in a 92.5 % recovery of metallic iron.
Subsequent water leaching, performed under optimal conditions (time: 120 min, temperature: 70 °C, pulp
density: 10 %), achieved a 98.5 % leaching efficiency of Al from a nonmagnetic fraction, with and without
sodium carbonate, demonstrating 26 % efficiency. Incorporating sodium salt during carbothermic roasting
facilitated the reduction of iron oxide to metallic iron and activated alumina for leaching. Finally, a value-added
Al product, AIPO4, was precipitated from the leachate. This approach primarily attempts to contribute to a more
circular economy, reducing waste and minimizing the environmental impact.

Introduction

Red mud, also recognized as bauxite residue, results from the in-
dustrial production of alumina through the Bayer process [1,2].
Approximately 1-2 tons of red mud is generated for every ton of alumina
produced, with an annual collection of around 150 million tons from
alumina production plants [3,4]. The red color of the residue is attrib-
uted to its high Fe(III) oxide content [5]. The chemical composition of
red mud varies based on the origin of the bauxite ore, encompassing
Fes03, Aly03, SiO, Nay0O, TiOs, and other trace elements, notably rare
earth [6,7]. The presence of heavy metals in red mud poses environ-
mental and health risks if not properly managed and disposed of. These
metals can leach into the environment, contaminate water sources, and
potentially accumulate in the food chain, negatively impacting ecosys-
tems and human health. Therefore, responsible handling, storage, and
disposal of red mud are crucial to prevent heavy metal contamination
and associated hazards. However, red mud poses substantial challenges
in handling and disposal due to its substantial volume, high alkalinity
(pH 10-12.5), and variable mineralogical composition [3,8]. Common
methods for treating red mud include dry stacking and marine disposal.
Still, these approaches are not environmentally friendly as they result in
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the leaching of hazardous substances into the surroundings. Further-
more, red mud is a precursor of various industrial metals, presenting
economic value if valuable components can be recovered and used.
Several initiatives have been undertaken in recent years to use red
mud directly in various applications for environmental conservation [4],
wastewater treatment [9], and the manufacturing of building materials
such as cement [10,11], ceramics [12,13], geopolymers [14,15], and
glass [16]. Red mud also finds application in the field of catalysis, where
metal oxides like iron and aluminum can serve as catalysts or support
materials for various reactions, including environmental cleanup, bio-
diesel production, petrochemical processes, and CO5 utilization [17].
However, these treatments often result in pollution and create chal-
lenges for subsequent processes [18]. Red mud recycling is crucial to
reduce waste, preserve resources, minimize environmental impact, and
comply with regulations. Additionally, such recycling supports the
transition toward a more sustainable and circular economy by promot-
ing efficient resource use and reducing dependence on virgin materials.
Previous research on the recycling of iron and aluminum from red mud
primarily focused on hydrothermal methods, magnetic separation
[19-21], acid leaching [22,23], and sintering [18,24]. However, the
dispersion of fine iron oxides in red mud renders these extraction
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Highlights

* A novel integrated process for maximum utilization of red mud was
proposed.

= Fe and Al were recovered by carbothermic reduction followed by

water leaching.

» The addition of Na;CO5 helps improve magnetic yields and leaching
efficiencies.

= 02 5% Fe and 98.5% Al were recovered by recycling red mud.

= Industrial metals were recovered and waste volume decreased by up
to 32.6%.
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