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Abstract 

Globally, the production of alumina generates about 175 million tonnes of bauxite residues (BR) 

per year, containing valuable metals such as Sc and REE, that are currently accumulating in 

storage ponds. With the lack of storage space, stricter environmental regulations, and the surge in 

REE demand, the need for a sustainable approach to valorize these residues, while minimizing 

waste volume is imminent. The avenue of BR valorization has been explored for decades but no 

approach has been successfully commercialized yet. Many routes have been studied and proposed 

but they either lack economic viability, and or do not reduce the waste volume sufficiently to 

make them attractive. In other words, environmental impacts are shifted towards effluents or other 

harder-to-manage waste. 

A successful approach should reduce the waste volume significantly by recovering the value of 

both bulk (Fe, Al) and critical (Sc/REE) constituents. So called “zero-waste” approach to the BR 

valorization has been proposed to recover multiple compounds and to minimize waste volume 

and get the most value out. Main proposed processes are based on direct acid leaching and/or iron 

smelting, each facing limitations and serious technical challenges yet to be addressed. Direct 

leaching with acids creates large effluents and is expensive owed to low selectivity and extensive 

separation steps. Iron smelting presents technical challenges related to sodium and aluminium 

content in BR.  

This paper provides an overview of the BR valorization approaches.  Focus is placed on the 

proposed process by Innord Inc. which targets the recovery of bulk metals (Fe, Al) and generating 

valuable metal concentrate (Sc/REE), maximizing volume reduction (+70 %) and improving the 

process economy by producing several low value marketable by-products. Other objectives of the 

development are having limited number of steps, major regent recycling avoiding any regular 

effluent as much as feasible. The process steps consist of alkalinity and DSP removal, iron 

conversion and separation, and Sc/REE concentrate and reagent recycling. 
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1. Introduction

In the context of the fight against climate change, the demand for light metals such as aluminium 

is increasing, especially for the manufacturing of vehicles with lower fuel consumption. While 

this will result in decreasing greenhouse gas (GHG) emissions, aluminium production creates 

large amounts of waste. Bauxite residue, also known as red mud, is a major waste resulting from 

the alumina extraction from bauxite, mainly via the Bayer process. It is a mineralogically complex 

mixture composed of undigested solids from the high-pressure bauxite digestion in a hot caustic 

soda (NaOH) solution and precipitated aluminosilicates (a.k.a. desilication product or DSP). Up 

to 2 tonnes of bauxite residue are produced per tonne of alumina. BR is usually found in the form 

of slurry containing a variable percentage of solid residue from the process, typically between 20 

and 40 wt. %.  
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Large spaces are required for BR stockpiling, and the extension of storage facilities necessitate 

periodic capital investments and permitting. In general, environmental issues associated with 

bauxite residue storage and disposal include its high pH (11-14), the potential for alkali (Na, K) 

and ecotoxic (V, Al) metals seepage into groundwater, instability of storage and the impact of 

alkaline airborne dust on plant life. 

 

The annual production of alumina in 2020 was over 133 million tonnes resulting in the generation 

of about 175 million tonnes of BR [1]. Currently, about 97 % of this production is stockpiled, 

leading to over 4 billion tonnes accumulated globally to date [2]. The global volume of the stored 

BR is expected to double in the next decade if the rate of utilization remains the same [3].    

Moreover, BR is rich in iron (Fe), aluminium (Al), titanium (Ti), as well as strategic and/or critical 

metals such as vanadium (V), scandium (Sc) and other rare-earth elements (REE) that are 

discarded during stockpiling. Assuming a 100 USD/t of BR metal value, $17.5 billion worth of 

material is being stockpiled annually. Valorizing BR is therefore an opportunity for the alumina 

refineries to achieve their waste reduction targets and take advantage of the metal value of BR. 

 

The typical composition of BR (dry basis) is given in Table 1 below. 

 

Table 1. Composition of dry BR (oxide basis) [4]. 

Oxide Fe2O3 Al2O3 Na2O CaO TiO2 SiO2 V2O5 Sc*  La* Ce* LOI 

wt. % 

or 

ppm* 

30-60 10-20 6-12 2-5 5-10 5-15 
0.1-

0.15 

21-

54 

20-

147 

30-

285 
5-15 

 

A typical mineralogy of BR is given in Table 2 below. Some variations in the composition are 

expected, depending on the type of bauxite treated at the alumina refinery.  

 

Table 2. Mineralogy of BR feed (adapted from [4]). 

Mineral Chemical formula 
Typical range 

wt. % 

hematite α-Fe2O3 7-29 % 

Goethite α -FeOOH 7-24 % 

Boehmite AlOOH 1-10 % 

Aluminated goethite AlxFe1-xOOH; x=0…1 10 %-40 % 

Quartz SiO2 0-2 % 

Rutile/Anatase TiO2 0-5 % 

Bayer sodalite 

(DSP) 
Na8[Al6Si6O24][(Y)]xH2O; Y= 2Cl-, 2OH-, CO3

2- 2-24 % 

Cancrinite  Na6[Al6Si6O24]2CaCO3 0-51 % 

Tricalcium 

aluminate  
3CaOAl2O3xH2O 0-5 % 

unknown  V2O5 <1 % 

unknown REE (Sc, Ce, La…) 0-400 ppm 

 

The avenue of BR valorization has been investigated for decades and to this day there is no 

implemented large-scale process that can extract these metals and effectively reduce waste 

volume. Moreover, the project feasibility might not be assessed based on the price of the pure 

metal oxides, unless all the purification steps toward the market specification are included in the 

process, or conservative discounts are applied. Besides, the environmental impacts of an 
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Innord has proposed a process in an attempt to address most of these challenges by obtaining 

multiple product streams: 

• Iron and aluminium products 

• Strategic metal concentrates (Sc/REE, Ti) 

• other by-products 
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