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Abstract

The aim of this study was to help drive the Tunisian construction industry towards a more sustainable approach given the existence of
abundant local raw material deposits that could be exploited for the production of low-CO2 binders. Various clay sediments from the
Kebili region (southern Tunisia) were characterized by chemical analysis, X-ray diffraction, thermal analysis and geotechnical tests to deter-
mine their suitability for the preparation of geopolymer binders. The clays consist of illite and kaolinite with other accessory minerals. To
test the possibility of using these materials as precursors for the production of low-CO2 and low-cost geopolymers, the raw samples were
calcined and activated by addition of solid sodium silicate. Compressive strength tests performed on four alkali-activated clays show that
promising mechanical performance may be achieved, with mechanical strength values as high as 25MPa after 7 days, depending on the clay
composition. The mechanical strength is related to the SiO2:Al2O3 and Al2O3:(NaO2 + K2O) ratios. Careful selection of the raw materials is,
therefore, an essential step in the exploitation of clay deposits to be used for the production of ecological materials such as geopolymers.
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The term ‘geopolymers’ was first introduced by Glukovsky (1959)
and later used by Davidovits (1988) to describe binders produced
from aluminosilicate materials (Liebau, 1985), such as clays and
feldspars, or industrial waste products, such as coal fly ash and
metallic blast furnace slag (Xu & van Deventer, 2003; Brew &
MacKenzie, 2007).

There has been significant recent interest in geopolymers because
of their physical properties such as high mechanical strength (Zhang
et al., 2010; Ding et al., 2016), resistance to heat (Fernández-Jiménez
et al., 2010), anti-corrosion properties (Cui et al., 2008; Babaee &
Castel, 2016) and their potential to reduce energy and carbon emis-
sions (Diop & Grutzeck, 2008; MacKenzie, 2009; Davidovits, 2011;
Provis, 2014; Chakraborty, 2014).

Clays, being natural aluminosilicates, are useful as raw materi-
als in various industrial sectors, and they can be used both as sup-
plementary cementitious materials (e.g. Carvalho et al., 2008;
Fernandez et al., 2011; Tironi et al., 2013; Garg & Skibsted,
2014; Hollanders et al., 2016) and as primary aluminosilicate pre-
cursors in alkali activation, which may be a sustainable alternative
to Portland cement (Reig et al., 2013; Marsh et al., 2018).

The most common clay material used for geopolymers is dehy-
droxylated kaolin, known as metakaolin (Duxson et al., 2007;
Hounsi et al., 2013; Shaqour et al., 2017). Less frequently, 2:1

dioctaheral-layer silicates such as illite, smectite or even interstra-
tified illite–smectite may be used for the production of these
binders. Common clays are abundant and well distributed world-
wide in soils; therefore, they represent a valid and cheap raw
material for the production of sustainable binders.

This work examines the potential of an illite-kaolinite-rich
clay to be used as a low-carbon binder after alkali activation. The
studied clays of Lower Cretaceous age (Hauterivian–Barremian)
are widely exposed in the region of Kebili (southern Tunisia).

Geological setting

Tunisia is particularly rich in sedimentary deposits that may be
exploited for construction purposes. Numerous studies have been
carried out on the valorization of natural clay reserves in ceramic
and chemical industries throughout the country (e.g. Hajjaji et al.,
2010; Bennour et al., 2015a, 2015b; Hammami-Ben Zaied et al.,
2015; Selmani et al., 2015; Mahmoudi et al., 2016; M’barek-Jemaï
et al., 2017; Anis et al., 2019; Mkaouar et al., 2019), but few studies
have focused on the southern range of the Chotts zone.

The study area corresponds to the convergence of several
structural domains in southern Tunisia. It is bounded to the
north by the Southern Atlas, to the east by the coastal Jeffara
plain and to the south by the platfoxrm of Daher and the
Tebaga chain of Kebili (Fig. 1).

During the Cretaceous, the Chotts zone, particularly the
southern range and the eastern part of the north range, was a
site of tectonic activity that controlled sedimentation in this
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