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Viability of lateritic soil as alkaline activated precursor
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Abstract. This study investigates the disposal of lateritic soil available in the state of Maranhao, Brazil, to
be used as a natural precursor of alkaline activated material. Lateritic soils are formed in the tropics through
weathering processes that favour the formation of iron, aluminium and may contain a large amount of
quartz and kaolinite. The quality of laterite for this application may vary significantly depending on both
geographic location and depth of a quarry. The identification of quarry locals was carried out in this work,
together with a disposal volume estimation considering economic issues about exploration techniques. A
comparison of the chemical composition of the lateritic soil of the state of Maranhao with those related in
the literature is used to outline the feasibility of using this natural material as precursor of alkaline activated
cements. It is concluded that the lateritic soil availability, as well as their characteristics, can enable the
development of alkaline activated materials as a future local building material and environmentally friendly.

1 Introduction
Lateritic clays characterized by a pronounced reddish or
yellow colour and are mostly found in leached soils of
humid tropical and sub-tropical regions [1,2]. The
lateritic soil has concentrated oxides of iron and/or
aluminium, with kaolinite as the predominant clay
mineral [2,3]. The lateritic material, as stone and
aggregates, have been traditionally used as cheap
common building materials in developing countries [4-6]
Various stabilization techniques nowadays often
improve the structural performance of laterites such as
mechanical and chemical stabilization. Lemougna et al.
[7], report one kind of mechanical stabilization involves
simple compression of laterite soil, eventually mixed
with cement forming the so-called compressed earth
blocks. The most common chemical stabilization is
based on pozzolanic reactions through the addition of
lime or anhydrous calcium silicates. Lecomte-Nana et al.
[8] recently suggested the use of a two-step reaction
involving acid dissolution of iron minerals in laterite
followed by lime treatment. According to the authors,
the binding action of iron through chemical bridging of
the clay particles contributed to the pozzolanic binding
action between lime and the clay minerals.
A less studied, but promising, technique is the
alkaline activation of the aluminosilicates present in
laterite [9, 10]. This process can basically be described
as a transformation of a solid aluminosilicate precursor
into an alkali aluminosilicate inorganic polymer [11, 12].
The resulting material is an amorphous structure
consisting of [SiO4]4- and [AlO4]5- tetrahedral sharing
all the corners with each other. The exchange of silicon
for aluminium results in a net negative charge which is
*

compensated by alkali cations [11]. This reaction may
take place in highly concentrated alkaline solutions at
mild temperatures. The alkaline activated materials are
not only a more environmental friendly alternative to
traditional Portland cement [13], but can also be
produced using industrial wastes which otherwise are
deposited in landﬁlls [12].
Thus, the present study has been performed with an
aim to explore the viability to use the lateritic soil from
São Luis do Maranhão, Brazil as an alkaline activated
precursor. In this study, emphasis is made on laterite soil
occurrence and quarries and their chemical composition
to ﬁnd optimal formulation and to reach a high quality
and reproducible material.

2 Lateritic soils
Lateritic soils are widely distributed throughout the
world in the regions with high rainfall, but especially in
the inter-tropical regions of Africa, Australia, India,
South-East Asia and South America, where they
generally occur just below the surface of grasslands or
forest clearings [14, 15]. Lateritic soils are formed
through weathering processes in the tropics that favour
the formation of iron, aluminium, manganese and
titanium oxides. These processes break down silicate
minerals into clay minerals such as kaolinite and illite.
Fig. 1 shows the main regions where the lateritic soil
is found [16].

Corresponding author: luizpeoli@gmail.com

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative Commons Attribution
License 4.0 (http://creativecommons.org/licenses/by/4.0/).

MATEC Web of Conferences 274, 01004 (2019)
RICON17

https://doi.org/10.1051/matecconf/201927401004

Fig 1. Distribution of lateritic soils in the World [16].

The alteration of various original rocks such as olivine,
magnetite, ilmenite, feldspar, quartz and clay minerals
start the laterite genesis followed by capillary solution
and deposition of inorganic matter. This so called
metasomatic alteration forms a new mineral, of partly or
completely different chemical composition. In fact, the
soil composition is influenced by actions of temperature
change and rain draining water [17, 18]. In lateritic soils
proﬁles, the upper levels are constituted by an
accumulation of sexquioxides (iron, aluminium) and
lower levels by kaolinization. When exposed to the
atmosphere the laterite can harden due to a dehydration
process. This hardening process is caused by the
precipitation, concentration and crystallization of Fe2O3
and Al2O3. The iron migration towards the soil proﬁle is
enhanced by water lixiviation, which explains the iron
concretions observed in depth [17].
Previous works on lateritic soils of the tropical and
subtropical countries used in construction showed that
some of their physical and mechanical properties can be
improved by the process of chemical stabilization [19–
21]. However, up to date, the improvements made on
these soils for construction purposes are limited to the
use of ordinary Portland cement (OPC) as the stabilizer.
Lateritic soils are commonly found in Maranhão
State, on nearly 35% of the territory, in area of 116.541,5
km2, located inside the red triangle in Fig. 3 [22]. In the
south-eastern of Maranhão state (transition from
superhumid Amazonian to semi-arid Northeast),
torrential rains concentrated in the humid period have
provoked strong stripping of the mantle, even exposing
laterites to the surface, associated with residual soils
poorly developed [23].

Fig. 2. Occurrence of lateritic soils in Brazil [22]

2.1 Lateritic soils as precursor of alkaline
activated binder
Even though the lateritic soil alkaline activation process
was described to be energy efﬁcient and environmentally
friendly, very limited studies were carried out and
reported in tropical countries [24, 25, 26], and especially
in Brazil where the housing deﬁcit and need for
affordable building materials remain a great concern.
Table 1 shows the composition of laterites found in
Cameroon reported in some recent works [27-29],
generally these laterites have kaolinite, halloysite and
illite as the main clay minerals, associated with quartz,
iron oxides and sometimes titanium oxides [19,20,26].
The reactivity of the kaolinite mineral in alkaline
medium producing zeolitic like materials is well known
[25, 30, 31]. However, the presence of other associated
minerals in a lateritic soil containing kaolinite could
greatly affect the reactivity of this mineral.
Table 1. Chemical composition of the laterites

Oxide
SiO2
Al2O3
Fe2O3
SO3
TiO2
K2O
MnO
P2O5
MgO
CaO
L.O. I

2

Weight percentage of Oxides in different laterite
region

YaundéNkolbisson
Cameroon

45.9
28.7
11.3
1.6
1.5
0.3
0.3
0.2
0.2
0.02
12.0

Southeast of
Togo

43.83
24.83
20.36
0.8
0.19
0.02
0.08
0.62
0,14
9.1

Awaé Yaoundé
Cameroon

56.2
11.1
13.2
1.1
2.4
Traces
2.7
2.1
9.5

Yaoundé
Cameroon

São Luis
Maranhao

46.18
27.2
23.41

80.56
11.93
6.43

1.84
0.2

0.91

0.02
1.04

0.18
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As an exploratory work the chemical composition of
laterite samples from São Luis quarry, Brazil, was
analysed. Table 1, also shows the São Luis lateritic soil
composition. Comparing the chemical composition of
the laterite of São Luis with the others presented in Table
1, it can be observed that this one has the highest content
of SiO2 and the lowest Fe2O3.

A study developed with the lateritic soil from
Yaoundé-Nkolbisson in Cameroon was performed
directly with the NaOH solution activation [10].
Compressive strength in the range of 12 – 51 MPa was
obtained. The compressive strength increased with the
curing temperature and the amount of added NaOH in
the system up to an optimum at 450ºC (during 3h) and a
NaOH solution of 8.5 M.
Laterite from Togo was activated using both
phosphoric acid and alkaline sodium silicate solution and
attained flexure strength and Young’s modulus in the
ranges 3.3 – 4.5 MPa and 12 – 33 GPa, respectively [35].
Taking into account the chemical composition of the
laterite of São Luis, presented in Table 1, one can firstly
think that due to its low iron content, it will not be
necessary to use acidic means for its dissolution.
Although its alumina content is one of the smallest, such
as that of the laterite of Awaé, it can be speculated that
results similar to that found with the laterite of Awaé can
also be obtained with the laterite of São Luis.
These aspects are sufficient signs for a study of
alkaline activation of the laterite of São Luis to be the
logical sequence of the observations reported here.

2.2 Lateritic precursor activation
The lateritic clay showed the presence of many platelets
randomly stacked together with the presence of
nanometer-sized iron nodules onto the surface of clay
platelets as expected from literature [32, 33]. These
nodules could correspond to ferrihydrite phases, which
had been identiﬁed on natural clays and which were
sitting on the surface of the platelets.
According Lecomte-Nana et al [29] the lateritic
concretions-like geomaterial has been developed in
acidic conditions (pH < 4), where iron compounds are
dissolved and after the complete dissolution of iron
compounds, the addition of a basic solution in excess
leads to the formation of a nanometric polymer (an iron
hydrate gel). Thus, different of others precursor as flay
ash, metakaolin, blast furnace slag, only activated by
alkaline solutions, two reaction steps are normally
applied to activated the lateritic soil: ﬁrstly the iron
dissolution step in acidic conditions and secondly a
neutralization and precipitation step in basic conditions.
In fact, the few published works on the activation of
lateritic soils have been used humic substances to
promote the ﬁxation of different cations, namely iron,
aluminum, or silicon. Three acids have been used,
namely: nitric acid (HNO3), acetic acid (CH3COOH) and
fulvic acid (organic acid). Fulvic acid is a low cost
organic acid, which is biocompatible and can be easily
available in tropical countries [34]. Fig. 3 illustrates the
lateritic clay bridging during de acid base treatment.

3 Conclusions
Considering the context of occurrence of lateritic soil in
the state of Maranhão, it is observed that only on the
island of São Luis the area of exploratory lateritic soil is
sufficient for its use as a raw material of alkaline
activated cements. By analogy with the still scarce
studies carried out with laterites from Africa it is
foreseeable that the lateritic soil of São Luis can be used
as precursor of alkaline activated compounds. However,
because of the diversity of the laterite chemical
composition, especially in relation to the iron amount,
further studies about acidic and alkaline activations are
necessary.
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