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Abstract
Bauxite residue (BR) has in principle a great potential to be used in the construction (concrete)
industry considering its large availability. However, an implementation is hindered in Europe,
mainly due to its classification as a waste, its alkaline nature, low reactivity and small particle
size. Vitrification has been identified as a potential solution for transforming BR into a reactive,
high value-added and safe product. In this work, the reactivity of BR, as a precursor for
cementitious materials, was increased by partially melting a mix consisting of BR (> 70 wt%) and
additives at 1200-1300 °C, followed by quenching. This route resulted in an iron-depleted,
reactive Al2O3-SiO2-CaO-FeO-Na2O amorphous phase and iron-bearing crystalline phases.
Taking the work further, upscaling of the vitrification process was carried out with a focus on the
impact of the chemical variability of the bauxite residue, energy demand of the heat treatment and
milling of the material. A total of 5 t of BR and minor additives (C, SiO2 and CaCO3) were
pelletised and mixed, and further processed at 1200-1300 °C in a top-blown rotary converter with
subsequent fast cooling. After milling, the vitrified BR was mixed with an alkaline solution and
sand to produce inorganic polymers mortars that reached compressive strength up to 100 MPa.
These results verified the successful transformation of BR into a reactive material at a
demonstration scale. We believe that the present work, which goes beyond the laboratory scale,
provides arguments for reconsidering the prescriptive cement standards and waste status of the
residue, and might eventually contribute towards a successful future industrial implementation.
1.

Introduction

Bauxite residue (BR) valorization is still limited to less than 3 % of the annual 150 Mt produced
[1]. Multiple routes have been proposed and patented; however, currently no technology led to a
major breakthrough. Major reasons are the alkaline nature, being classified as waste and small
particle size, and from a technical point of view its low reactivity, e.g., in a cementitious
environment [2]. In general, most valorization efforts have looked into metal extraction (Fe, FeSi alloys, Al, Ti, REE), soil and road stabilization and construction materials [1]. However, in
general the materials that bauxite residue would replace are readily available and this often in
higher grades [1, 3–5]. Therefore, in order to make BR more attractive for new and existing
valorization routes, it has to have a net benefit to incentivize use. In addition, the valorization
route has to target net zero-CO2 (or equivalent) emissions by 2050 [6].
Given the large volumes of available BR, the construction sector is the most likely option for
large-scale valorization. At the moment, the main application for the residue is as iron and alumina
source for the production of conventional cement [1]. The valorization is limited due the relatively
low cement production in Europe, the logistics involved and the abundance of alternative raw
materials for the European cement plants [5]. In addition, the strict control of the Na2O content,
due to the increased risk for the alkali silica reaction, limits its valorization to smaller volumes
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[7,8]. This risk also exists if the raw BR is used in a cementitious mixture [8]. Although the use
of BR is still limited, the cement industry has to move to a more sustainable future, which is only
feasible if more waste resources are used, alternative binders technologies are available (including
little to no cement) or carbon capture and storage becomes widely and cheaply available [9]. In
this work we focus on the first two points in which BR is used to produce precursors for inorganic
polymers. Compared to normal cement based binders, inorganic polymers result after mixing of
a precursor and an alkali solution also in an easy to shape binder, gluing aggregates (sand and/or
gravel) together.
In order to be able to produce such binder from BR, it has to be thermally- or chemically activated.
Therefore, research has focused on the use of vitrification. At temperatures ≥ 1100 °C, the
material is transformed in a partial melt, and when fast cooling is applied, the melt is preserved
in an amorphous phase. Once the vitrified BR (VBR) is milled, the Al2O3-SiO2-CaO-FeO-Na2O
amorphous phase is easily soluble in alkaline environment, resulting in a stable binder with
compressive strengths up to 130 MPa after 28 days for inorganic polymers, which is for a cement
(CEM I) based mortar in the range of 50-70 MPa [10–14]. The initial investigated application was
inorganic polymers, however it was shown in [13] that also its use in blended cement shows great
potential. In previous works [10, 12–14], the optimal temperature and composition of the mix
were investigated for different residues. With only SiO2 and C addition for the reduction of Fe3+
to Fe2+, compressive strengths up to 43 MPa were achieved [10]. By increasing the temperature
to 1200-1300 °C and the addition of CaO (e.g., as CaCO3), compressive strength could be
increased to 130 MPa with shrinkage as low as 1.5 mm/m in inorganic polymers [12]. Further
work identified that Na2O is responsible for a strong decrease in the melting temperature and
significantly increased reactivity and strength development [14]. The high alkalinity, opposed to
conventional cement manufacturing, is actually beneficial for the vitrification process and
performance of the final product. Figure shows a simplified flowsheet of the whole process. The
left part of the process has potential to be easily integrated in an alumina plant using existing
infrastructure [10].
In this work, we go beyond laboratory scale and explore the potential upscaling of the vitrification
process. In a first step, the BR composition is modified to reach the optimum chemistry as
described in [12] by mixing BR, C, CaCO3 and SiO2. The final product is characterized in terms
of compressive strength. Additionally, the research required to provide this technology as a
promising alternative to cement manufacturing will be discussed.
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Figure 1: Simple flowsheet showing the unit operations to obtain a milled VBR and the
potential products. In this work, only inorganic polymer binders are discussed.
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