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Abstract

Recent advancements in the production of low-carbon iron from bauxite residue have indeed
yielded promising results, paving the way for sustainable iron production processes. Bench-scale
and pilot-scale studies have underscored the technical and economic viability of this approach to
start the microwave plant engineering for a 50 000 tpy bauxite residue capacity. Specifically, the
utilization of carbon-capturing sources during growth, such as charcoal and biomass, coupled
with microwave energy, has been instrumental in the reduction of iron. Moreover, the use of
renewable energy sources to power microwave energy further enhances the sustainability profile
of the process. The resulting iron briquette exhibits exceptional metallization, surpassing 90 %,
with iron content ranging from 92 % to 95 %, and notably low sulfur and phosphorus levels. These
characteristics not only meet but exceed the stringent specifications required for steel production.
The reuse of bauxite residue not only minimizes waste but also creates a sustainable and
economically feasible product, thus closing the lifecycle loop of alumina production. This
innovative approach not only addresses environmental concerns associated with traditional iron
production methods and bauxite residue handling but also offers a feasible pathway towards
achieving carbon-neutral steel production. Furthermore, the material that remains after the
conversion and production of pig iron, having undergone thermal conversion, exhibits interesting
characteristics and is under development for use mainly in civil construction, ceramic and
steelmaking sector, and other applications with high demand, potentially enabling the utilization
of 100 % of the bauxite residue.
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1. Introduction

Bauxite residue (BR) is produced as waste in alumina refineries through the Bayer process. This
process was developed by Austrian chemist Karl Josef Bayer on August 3, 1888, and remains the
primary method for producing alumina from diasporic, boehmitic, and gibbsite bauxite to this
day, accounting for up to 90 % to the total production [1]. The bauxite residue processed by this
process produce from 0.55 to 2.21 tonnes of bauxite residue per tonne of alumina produced [2]
making this residue a concern to disposal due the quantity of waste generated and the hazardous
characteristics of this material, the Figure 1 shows the Bayer process and the bauxite residue
formation.
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Figure 1. Main unit operations for alumina beneficiation [3] and Wave Aluminium bauxite
residue beneficiation.

In the alumina production process, the main unit operations can be seen in Figure 1. The bauxite
is received at the plant, crushed, and ground to an appropriate particle size to optimize aluminium
extraction. After this step, it is mixed with sodium hydroxide and digested in digesters, producing
sodium aluminate and bauxite residue. These are separated in settlers, where the bauxite residue
is thickened, filtered using a filter press to reduce moisture, and sent to the solid waste disposal
area. The sodium aluminate-rich liquor is then sent to clarifiers and precipitators, where
aluminium hydroxide seed is added to precipitate aluminium hydroxide. This precipitate is then
filtered and calcined in rotary kilns to produce calcined alumina, which can be used in the
chemical industry for refractory production or as smelting grade alumina (SGA) to produce
metallic aluminium [4]. Due to the characteristics of this process, the ore used, and the volume
generated, bauxite residue has properties that make it difficult to manage. These include the need
for large disposal areas, fine particle size (with most of the mass being below 20 micrometers),
high pH (around 12 due to the use of sodium hydroxide in the process), and the presence in trace
concentration of certain heavy metals and naturally occurring radioactive elements such as lead,
mercury, uranium, and thorium [5]. The process developed by Wave Aluminium aims to remove
iron from this residue and generate a co-product suitable for use in civil construction by utilizing
microwave energy in beneficiation.

According to the database of the International Aluminium Institute (IAI), if no action is taken to

consume bauxite residue, the accumulated amount by 2050 will be approximately 9 billion tonnes,
Figure 2 [6].
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4. Conclusions

Wave Aluminium’s process for demonstration plant assembly has been validated with operational
parameters were demonstrated at scale-up for the main Unit Operations. Below are the main
conclusions:

Utilizing microwave energy and charcoal has been technically feasible for reducing the iron
oxides present in bauxite residue and subsequently separating the metallic iron, thereby generating
a product with significant demand.

The use of electrical energy and charcoal results in lower emissions compared to conventional
processes for producing iron. Life cycle analysis studies are underway to validate the extent of
emission reduction, along with instrumentation at the outputs of the demonstration plant to
monitor and control these gases.

The non-magnetic material rich in nepheline and fly ash (from combustion) represents a potential
co-product that could find application in the construction industry, which also consumes large
volumes.

The conducted tests have provided documentation to reach TRL 5 maturity level and establish
parameters for the engineering of the demonstration plant.
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