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Abstract 

The use of bauxite residue (BR) in association with Portland cement may be an alternative for a 
large-scale application for the waste. With this strategy, would be possible to reduce both 
environmental impact (cement – large CO2 released, and alumina/aluminum production). In 
works related to this research, it was proved that the hardened properties are not deteriorated by 
using BR, even with reduction in the binder consumption, because the large amount of silica, 
aluminum and iron, and the physical properties of BR, can affect the hydration reaction, 
potentializing the use of cement. However, the high sodium content can be a problem due to the 
potential of leaching after hardening. Additionally, a comparative evaluation between BR and 
other kind of supplementary cementitious material (SCM) frequently used in association with 
Portland cement, is still poorly explored in literature. This work was carried out to evaluate the 
properties of microconcretes formulated with bauxite residue (dried or calcined at 800°C) and to 
compare with products with silica fume, metakaolin, limestone filler and ground blast furnace 
slag. The results indicate that BR do not deteriorate the hardened properties of evaluated 
products, and there are no losses comparing with the other kind of SCM. 
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1. Introduction

The United Nation (UN) estimates that up to 2050 the population on the planet will be around 
9.6 billion of people, with a projection of 10.9 billion by 2100 [1]. However, other organizations 
[2] estimate 8.7 billion by 2050, dropping to about 8 billion by the end of the century.
Regardless of such controversy, the fact is that the population should grow from just over 7
billion today, in an increasingly urban infrastructure than the estimated 54% of people living in
cities on this date, reaching 66% by 2050, meaning an addition of 2.5 billion people to urban
areas.

Thus, it can be said that there is a clear need to expand the urban places to follow the population 
growth, and there is still, a huge deficit of housing and infrastructure, particularly in the 
developing countries. To illustrate this fact, around 90% of the current urbanization process 
takes place in Africa, Asia, Latin America, and the Caribbean [3], requiring the construction of 
more than 70 million new urban homes per year. This scenario, which is independent of 
economic crises, elevates the society's great challenge for more sustainable growth in an era 
when the natural resources are headed for depletion if the current patterns of exploitation, 
consumption, and waste generation will be maintained [4]. 
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Another relevant aspect of this analysis is that the aging of world's population will increase in 
percentage in the next decades (it is estimated that about 21.1% of the population will be over 
60 years old in 2050, as opposed to 11.7% in 2013) [1], reducing the economically active 
workforce in a more populated and urbanized world. 
 
Consequently, there should be an increase in the use of more advanced technological solutions, 
resulting in more efficient production processes, with a greater degree of automation and less 
labor intensive, including construction. So, it can be affirmed that there is a clear tendency to 
world with growing demand for more efficient and productive solutions of construction, with 
smaller environmental impacts. Therefore, these assumptions must be considered in the design 
of the future of building materials. 
 
The modern society has in Portland concrete the most produced and consumed material in the 
world, being estimated a production of more than 10km³/year. Basically, these cementitious 
products consist of the mixture of aggregates, binder and water and, although it is not possible 
to obtain an exact value for the volume produced, the volume quoted above is estimated 
considering the production of Portland cement. In this case, this hydraulic binder reached the 
expressive mark of 4 billion tons/year between 2013 and 2014, with growth prognosis of 2.5 
times by 2050 [5]. 
 
It is true that in the modern world, the environmental impacts cannot be tolerated in the same 
proportion as the increase in the production of cement materials, and that the technologies for 
producing such materials will be charged to achieve efficiency levels that guarantee high 
productivity with reduced efforts to the workers. 
 
Regardless of this, the main challenge for the future will be: how to increase production of the 
most important building materials to meet the demands of population growth, aging and 
urbanization, without accentuating the impacts of the enormous volumes produced? 
 
Considering only the aspects related to materials, different routes have been developed to 
replace clinker as the use of alternative materials, generally obtained as: i. by-product from 
industrial process (like ground blast furnace slag, fly ash, silica fume, etc.), ii. inert material 
(like filler), iii. new kind of cement with lower environmental impact, and others. For this 
reason, the level of efficiency currently practiced in cement technology has been investigated in 
order to identify new opportunities to increase the production without increasing the cement 
production. 
 
Without giving up any of the initiatives presented to reduce environmental impacts on cement 
production, strategies to reduce the use of binders in formulations have the potential to increase 
the production of cement materials without the need to increase cement production at the same 
rate. So, it is possible to infer that to obtain a more eco-efficient scenario it is needed to look for 
new supplementary cementitious materials (SCMs), to improve the understanding of the 
characteristics of the currently known SCMs and to evaluate in greater depth the physico-
chemical interactions with the different types of binders. 
 
On the other hand, another great environmental challenge is to find a large-scale application for 
bauxite residue, generated in the Bayer process to obtaining alumina. In this process, the bauxite 
ore is crushed and milled, heated at a temperature of up to 200°C, in a pressure vessel along 
with a sodium hydroxide solution; the solution of aluminum-rich components follow in the 
process, while the residue is separated by filtering, and disposed into the lakes of mud, being 
hazardous environmentally because of its alkalinity. Despite some controversies, and even with 
the precise control of lake contention, always will have the risk of disruption, like that occurred 
in October 2010 in Hungary, killing ten people, and contaminating a large area [6]. 
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4. Conclusions 

 
The use of bauxite residue in association with Portland cement do not deteriorate the hardened 
properties of microconcretes: comparing the results with other kind of supplementary 
cementitious material, in general, the characteristics of microconcretes were statistically similar. 
The mechanical strength of microconcrete with bauxite residue were around 10% less than the 
reference, but this is not a problem because the products developed in this work presented a 
great eco-efficiency, i.e.: high compressive strength associated with low binder consumption 
(binder intensity ≈ 3 kg/m³/MPa).  
 
Air-permeability of microconcrete with calcined bauxite residue was lower than the reference 
and statistically similar to silica fume, limestone filler and blast furnace slag. The composition 
with metakaolin was the most permeable followed by the composition with bauxite residue. 
This parameter presents a closer relationship with durability, because controls the penetration of 
aggressive agents into the concrete and, in general, the easier the penetration of such agents, the 
faster the degradation of the cementitious product. 
 
Different from the other kind of supplementary cementitious materials, the microconcrete with 
bauxite residue, in nature or calcined, presented a little expansion, indicating that it is a 
shrinkage compensator, and there was not observed any difference about carbonation in 
function of kind of SCM. 
 
According the results obtained, is clear that it is possible to use this residue in cement 
compositions, but is still necessary to evaluate the parameters associated to leaching. 
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