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Aluminium industry is considered as one of the most significant pillars of modern material and technology
sectors (Tanski and Snopinski, 2017). The industry is currently experiencing continuous growth, primarily due to
increasing demands for aluminium metal in automotive, aerospace and construction engineering. In 2023, global
production of aluminium has risen to around 70 million tons, and it is estimated that demand for this metal will reach
119,5 million tons by 2030 (Mao et al., 2025). In 2023, aluminium was added to the European Commission’s list of
critical raw materials, along with its most significant ore, bauxite (Petrova, 2023).

Industrial production of pure aluminium is based on electrolysis of alumina (Al,Os) (Zhang et al., 2020), which is
primarily extracted in Bayer process from bauxite ore. According to the data from 2017, global bauxite resources were
estimated to be between 55-75 billion tons (Zainudeen et al, 2023), with world's largest deposits located in Guinea (24%),
Australia (20%), Brazil (8%) and Jamaica (7%) (Sanoh et al., 2022). In Bosnia and Herzegovina, there are significant
quantities of bauxite ore deposited on several locations, dominantly in Mili¢i, Srebrenica (Mitrovi¢, 2011), Jajce and
Posusje areas. Although not large compared to the ones mentioned above, these reserves have important strategic role on
the European raw materials market. In the period between 2010 and 2020, Bosnia was producing up to 0,5% of bauxite
in the world on a world scale (Grbes et al, 2021). Bauxite extracted from all for mentioned sites is processed in giant
factory in Zvornik municipality, which has been continuously operating since 1978.

The main waste material generated in Bayer process is bauxite residue, also known as the red mud (RM)
(Damayanti and Khareunissa, 2016). Per one ton of aluminium-oxide produced, 1-1.5 tons of mud are generated (Liu et
al., 2009). Red mud is classified as a solid waste in the form of suspension. Its most prominent characteristic is pH value
between 10,5 to 13,5 (Reddy et al., 2021). It is traditionally stored in lagoons or lakes and its level is usually controlled
by the dam height adjustments. However, considering its high alkalinity, but also the large volume that it occupies during
disposal, there is constant fear of dam braking and RM spreading in the environment. Therefore, red mud represents
global industrial and environmental problem. Consequently, the focus of multiple studies conducted in the last three
decades was on finding the sustainable and economically acceptable methods for red mud utilisation and valorisation.

Red mud composition mainly depends on the bauxite ore composition, but also on conditions in Al,Osproduction
process. Dominant elements in red mud are Fe, Si, Ti, Al, Ca, Na, present in the form of oxides and hydroxides. In
addition, a wide range of other metals and their oxides may be present, e.g. As, K, Cr, Cu, Ba, Pb, Ni, Mn, V, Zn and
REEs (Deshpande, 2020). Recently, University of Banja Luka and the factory from Zvornik started the collaboration on
RISRESTORE EIT RM project, with the aim of finding the efficient and environmentally acceptable method for the
extraction of hematite (Fe,Os) and production of value added products from this component, while at the same time
directly concentrating remaining fractions. XRF analysis results showing major components are presented in Table 1.

Table 1. XRD analysis results for raw red mud sample.

Compound Percentage (%)
ALQO; 14.14
SiO; 11.53
Fe,03 48.50
TiO, 5.42
CaO 3.96
Na,O 7.50

Beside major components, traces of the following components were found: P,Os, V205, ZnO, MgO, MnO, K,O.
Research led to the national patent, which succeeded in extraction of hematite, based on its conversion into other
Fe oxide forms that have paramagnetic properties, magnetite and maghemite, enabling separation of Fe from red mud.
Conversion was conducted by using different reduction agents, available in the domestic materials chain. Present paper
will demonstrate this conversion from hematite to magnetite, by XRD data (Figure 1), compared to the analysis of raw



red mud samples. Moreover, preliminary results in testing the novel method for extraction of TiO, from the RM residue
after removal of iron will be presented. Not only TiO, as one the critical raw materials according to the European
Commission (Su et al, 2022), but also this paper will draw attention to the presence of scandium in this secondary raw
material, which might potentially be available for extraction if the full cascading process is well designed in the future.
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Figure 1. Results of XRD analysis of raw red mud sample (left) and treated red mud, showing presence of maghemite
peaks (right)
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