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Gallium (Ga) is a critical raw material used in semiconductors, LED technology and high-
frequency electronics, yet its primary production remains limited and geographically
concentrated. In bauxite, Ga typically occurs at 60—80 ppm and partly reports to bauxite residue
(BR) during the Bayer process. As a strongly alkaline by-product generated in millions of
tonnes annually and containing around 50 ppm Ga on average, BR represents a challenging but
potentially valuable secondary resource. Its valorisation is also environmentally important, as
long-term storage and landfilling pose risks to soils and water bodies.

Direct extraction of Ga from BR is challenging due to its low grade, complex mineralogy, and
strongly alkaline matrix. Conventional mineral acid leaching can mobilise Ga at high extraction
efficiencies, but the acid consumption required to neutralise the alkaline content is often
prohibitive. Selective leaching with organic acids, such as oxalic acid, can improve Ga
selectivity over co-dissolving Fe and Al, however, the resulting pregnant leach solutions are
typically dilute, complicating downstream purification and recovery. These limitations
highlight the need for a more integrated approach to BR processing, in which Ga is pre-
concentrated prior to leaching, reagent consumption is reduced, and value is simultaneously
recovered from the major BR constituents.

This poster proposes multiple circular BR valorisation concepts aimed at recovering Al-bearing
phases while investigating the potential pre-concentration of Ga. Candidate approaches include
sodium carbonate sintering, alkali-assisted roasting, hydrothermal alkaline treatment and
selective alkaline leaching, all targeting the transformation of refractory aluminium phases into
potentially recoverable sodium aluminate-bearing streams or intermediate products. The
planned work will assess whether Ga is expected to follow the aluminium-rich fraction, remain
in the residue or become enriched in a specific process stream, with the aim of identifying
circular pathways that couple major-element recovery with critical-metal pre-concentration.
These concepts will be compared in terms of anticipated aluminium extraction, Ga partitioning,
reagent demand, phase transformation and impurity behaviour, while possible downstream Ga
recovery options such as selective precipitation, ion exchange, solvent extraction or
electrochemical recovery will be considered. Overall, the study presents a circular approach to
alumina-refining, promoting resource efficiency and linking BR valorisation with critical raw
material recovery.



