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Abstract
In emerging countries, Portland cement plays an extremely significant role in the expansion of
infrastructure. Global cement production is expected to grow between 12 and 23 % by 2050
compared to its current level, which will produce approximately 11 % to 15 % of global
anthropogenic CO2 emissions, per turn if the way of cement production doesn’t change. The use
of mineral admixtures as a partial replacement of clinker in Portland cement has been one of the
main strategies for reducing CO2 emissions by global cement industries. However, the availability
of blast furnace slag and fly ash is limited compared to the demand for Portland cement. In
addition, Brazil is a country of continental dimensions, with great regional differences, where the
same mitigation actions will not necessarily be applied in all regions. Nowadays, in regions where
slag and fly ash are not available, such as the Amazon, pozzolanic and Portland-composite
cements are manufactured with up to 30 % calcined clays or 25 % limestone filler. Another
alternative for these regions would be the manufacture of cement with active or inert mineral
admixtures from mining by-products. The aluminum production chain, responsible for generating
significant amounts of waste, could meet the demand of the local building industry, since some
wastes such as the gibbsite-kaolinite waste (GKW) and the bauxite residue (BR) have
demonstrated their potential use in previous studies. The incorporation of GKW increased the
compressive strength by 44 % in relation to Portland cement. Mortars with 25 % replacement of
clinker by BR showed compressive strengths at early ages higher to those obtained with limestone
fillers. These results are promising, but require more in-depth studies, especially on durability
aspects, dimensional stability, alkali-aggregate reaction and others.
Keywords: CO2 emissions, Bauxite by-products, Gibbsite-kaolinite waste, Bauxite residue,
Mineral admixtures.
1.

Introduction

In emerging countries, Portland cement plays a significant role in dwelling construction and
infrastructure expansion, where concrete is the most widely used material. The production of
concrete is responsible for about 5 to 8% of the world's CO2 emissions, and cement production is
responsible for 95% of this total [1]. In 2016, emerging countries, including China, India, Russia,
South Africa, and Brazil, accounted for 81% of the total global cement production, whereas
industrialized countries accounted for only 9% [2]. Global cement production is expected to grow
between 12 and 23% by 2050 from its current level, which will make cement manufacturing
directly responsible for approximately 11 to 15% of global anthropogenic CO2 emissions [3] if
the cement production way doesn’t change.
The use of mineral admixtures as a partial replacement of clinker in Portland cement has been
one of the main strategies for reducing CO2 emissions by the global cement industry [4-7]. In
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Brazil, the reduction of clinker-cement ratio from the use of mineral admixtures could represented
69% of CO2 total mitigation emissions in the country's cement sector by 2050 [8]. However, the
availability of ground blast furnace slag and fly ash is not enough afford the demand for Portland
cement [9].
In addition, Brazil is a country of continental dimensions, with enormous regional differences, in
which the same mitigation actions will not be necessarily applied in all Brazilian regions [8].
Currently, in regions where ground blast furnace slag and fly ash are not available, such as the
Amazon region, composite and pozzolanic cements are manufactured with up to 25% limestone
filler and 30% calcined kaolin, respectively.
Another alternative for the region would be the cement manufacturing with active or inert mineral
admixtures from mining by-products. The aluminum production chain produces by-products that
can fit this description and can potentially meet the demand of the local building industry.
At HYDRO group, two by-products are generated with great application potential as active and
inert mineral admixtures in Portland cements, namely, the gibbsite-kaolinite waste (GKW) and
bauxite residue (BR), respectively. The first is generated from the bauxite ore beneficiation
process in order to remove kaolinite from gibbsite; the resulting by-product is enriched with
kaolinite [10], whose quantities generated are close to 5.4 Mtpy. Bauxite residue (BR) is a byproduct of the Bayer process, containing mostly phases from bauxite ore such as hematite,
goethite, gibbsite and anatase, in addition to sodalite formed during the process and soluble
sodium. Approximately 4.7 Mt of this residue is generated annually. The pozzolanic activity of
BR is not satisfactory [11].
The aim of this research was to investigate the effect of incorporating GKW and BR as mineral
admixtures to Portland clinker. The first as a supplementary cementitious material in pozzolanic
cements and the second as a filler, replacing limestone in Portland-composite cements, CP IV and
CP II F, according to Brazilian cement standard ABNT NBR 16697. Both are equivalent to CEM
IV and CEM II/BL on European cement standard EN197-I, respectively.
2. Experimental
2.1

Raw Materials

There were four raw materials analyzed in the experimental program. The first one was BR from
ALUNORTE, generated in Barcarena. The second, the residue from the bauxite washing process
in Paragominas (Mineração Paragominas), rich with kaolinite and gibbsite, called here GKW [10].
The others were included in the experimental for comparison purposes. The flint kaolin (FK),
extracted from the deposits in the middle Capim River valley in Ipixuna do Pará, is recognized as
a high-grade kaolin for the production of high-performance pozzolans [12-13]. And finally, the
limestone (LS), as it is the inert mineral admixture used at the production of Portland-composite
cement, mining from the Northeast region of Pará, from calciferous occurrences denominated
Pirabas Formation.
2.2

Production of Mineral Admixtures

The active mineral admixtures produced in the experimental program were derived from
calcination and grinding of kaolins (GKW and FK). The inert mineral admixtures (BR and LS)
were only dried and ground. Two and a half kilograms of each kaolin were thermally treated at
800 ºC with a 2-hour plateau. The calcined kaolins were ground for 3 hours in a ball mill using
10 liter porcelain jars with alumina spheres in a 1:9 ratio (ore:spheres). The BR and the limestone
were dried in an oven at 105 ºC until reaching the constant mass and ground under the same
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than at 28 days. The results are promising, but they should be viewed with caution, as there are
other aspects that must be taken into account when using BR in Portland cement, such as alkaliaggregate reactivity, the appearance of efflorescence, shrinkage and color.
GKW consists mostly (60%) of a kaolinite with a high degree of defects and extremely fine. The
SSABET of untreated and thermally treated GKW were 19 and 42 m2.g-1, respectively. These
characteristics, whereas providing high reactivity, can also cause problems associated with
dimensional stability such as excessive shrinkage and creep.
Metakaolin derived from GKW obtained a PI at 28 days of 144 %, similar to that calcined FK
which is considered one of the most reactive mineral admixtures. In addition, M-GKW also
showed a high-value of PI for the early ages, mainly at 7 days. This is an extremely important
aspect for the cement industry, considering that the major problem of pozzolanic cements, with
large incorporation of mineral admixtures, is the low compressive strength at early ages. The use
of GKW may eliminate this problem as long as the issue of fineness is controlled.
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