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Abstract

Mining activities are responsible for the increase of
pollutants (i.e., metallic elements) in the environment.
Mining wastes are highly contaminated by metallic
elements which can induce environmental and sanitary
risks. For better waste management, valorization appears
to be significant especially when it comes to geopolymers
since construction sites heavily use these materials at the
large scale. In this context, the aim of this study is (i) to
synthesize geopolymers from mining waste using silicate
solution and (ii) to evaluate speciation and leaching
behavior of metallic elements in raw material and new
material after geopolymerization. Results demonstrate
that metals bearing phases are dissolved during alkaline
treatment and redistributed in the geopolymer matrix.
Leaching tests evidenced the possibility to stabilize
metals into geopolymer matrix. According to this, a
new valorization way of mining wastes (alkaline activa-
tion) is proposed based on creating new geomaterials
which can be used without risks and with low cost.
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1 Introduction

The northern part of Tunisia, especially the watershed of
Medjerda, is the country's most important mining region
marked by massive exploitation of metallic reservoirs, such
as lead (Pb), zinc (Zn), iron (Fe), and cadmium (Cd).

This study focuses on an old mining site called Fej
Lahdoum (FL) in northwestern Tunisia which has been
abandoned since 2004. Mining activity there generates large
quantities of waste (an area of 10 ha with a volume of 0.39
Mt) which are stored in the forms of dumps without real
management. This waste is localized near the mining site,
which is an exclusively agricultural zone. Under the climatic
conditions of the area (water or/and wind erosions), the
mining waste could be a potential source of release of metals
that could be moved in the different compartments of the
environment.

Mining activities are the primary anthropogenic source of
metal (loids) in the environment. These industrial wastes
contain inorganic pollutants that represent the secondary
sources of pollution for water, soil, and the atmosphere
(Belabed et al. 2017). According to this, these wastes can
induce health-related consequences through direct particle
ingestion or inhalation or food chain impacts (Uzu et al.
2011, 2012; Pascaud et al. 2015).

This study aims to find an efficient way to valorize the
waste by creating new geomaterials from the activation of an
aluminosilicate source using an alkaline solution at room
temperature (Davidovits 2008). This new material may offer
a particular advantage in such a harsh environment since it is
marked by excellent mechanical properties, good chemical
resistance, low shrinkage, and has an environmentally
friendly nature with limiting metals mobility and long-term
durability. Whatever the waste treatment, the aim is to
minimize the leaching of contaminants and their toxicity.

2 Materials and Methods

Various representative samples of tailings (T) were sampled
at different levels, going from the top (H1) to the bottom
(H5) (H1, H2, H3, H4, H5) in order to evaluate the potential
environmental risks of these tailings (Fig. 1).
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Speciation has been determined by BCR (the Community
Bureau of Reference) sequential extraction and mineralogi-
cal characterization using XRD and FTIR analyses. Leach-
ing experiments have been conducted according to the
EN12457-2.

The waste-based material was then synthesized with
various mixtures using sodium silicate solution mixed with
NaOH pellets in substitution of metakaolin supplied by
Imerys and waste. XRD and FTIR then characterized syn-
thesized materials. The environmental risk was evaluated
based on the high decrease of metallic element speciation
and leaching behavior after geopolymerization.

3 Results

• Mine tailings had high heavy metals concentrations of
20,300, 2650, and 50 mg/kg for Zn, Pb, and Cd,
respectively. From XRD, the waste of Fej Lahdoum was
composed by calcite, dolomite, quartz, gypsum, galena,

sphalerite, kaolinite, and cerussite following the chemical
properties.

• Assessment of the degree of contamination (Igeo) of the
waste showed severe pollution with Zn and Cd(Igeo>5)
and severe to extremely severe pollution for Pb(3<Igeo<5)
(Fig. 2) (Müller et al. 1979; Sougo et al. 2014).

Speciation with BCR experiments was conducted in the
way to determine the partitioning of these three elements.
The distribution of Pb, Zn, and Cd into the various fractions
is F exchangeable>>>F oxidable>F residual>F reductible, so
a large part of metals can be mobilized, because the equiv-
alent fraction corresponds to the easily soluble metal fraction
(Pascaud et al. 2014). According to the European standard
for landfilling, ultimate waste classifies mining waste in
different categories according to concentrations of leached
contaminants. Leaching tests have shown that mining waste
of Fej Lahdoum is considered as non-hazardous waste for
Cd and Zn and as inert waste for Pb. Finally, these results
clearly show that potential environmental risk is quite a
threat (Fig. 6).

In an attempt to inert and to reuse this waste, we used the
alkaline activation of waste deposits as the reactive com-
pound with different substitutions. Results pointed out that
the alkaline-based geomaterials can highly incorporate the
waste. In accordance with the literature, synthesized samples
(with 10%, 25%, and 50% of waste) are quite consolidated.
The increase of the metakaolin substitution by mining waste
decreases the mechanical properties up to 50%. After 50%,
the mechanical properties are not realized since the materials
are not consolidated due to the limitation of Al and Si (re-
active elements) used in the geopolymer network (Pascaud
2015) (Fig. 3).
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Moreover, DRX and FTIR investigations evidenced the
redistribution of metals into the matrix (Fig. 4).

This experiment is under the BCR experiments showing
that the primary pollutants are in the residual fraction (most
stable fraction) after alkaline activation (up to 95%) (Fig. 5).
This result corroborates the DRX observations which show
the presence of quartz particles playing the role of a binder.

The leaching behavior from the EN12457-2 confirms the
fact that the environmental risks are quite reduced (Fig. 6).

4 Conclusion

Mineralogical and geochemical approaches coupled with
leaching and BCR experiments were applied on Fej Lah-
doum, an old mining waste in northwestern Tunisia. Results
show that wastes in this area present an environmental risk
due to the presence of contaminants such as Pb, Zn, and Cd.
Valorization was used based on different mixtures by
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Fig. 3 Example of new synthesized materials
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Fig. 4 XRD and FTIR of waste without and with treatment
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Fig. 5 Chemical speciation by BCR of waste without and with treatment

Durability and Leaching Behavior of Mine Tailings … 359



substituting metakaolin, silicate source, and waste before
testing. Results evidence that the geopolymeric matrix can
provide an ideal binder for the immobilization of toxic
contaminants because of its low permeability, resistance to
acid attack, and durability in certain situations where tradi-
tional Portland cements experience problems (Zhang et al.
2008; Rao and Liu 2015, Pascaud 2015). More investiga-
tions into this valorization method should be conducted to
increase its potential.
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