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INTRODUCTION
Antimony (Sb) is a potentially toxic element found in water, soils, and sediments from our immediate environment
(Herath et al., 2017). Antimony can reach the environment from different sources. Some sources are associated with
natural processes, such as erosion and weathering of antimony-containing rocks and volcanic activity. Other sources
are associated with anthropogenic activities (Li et al., 2018). Antimony and its compounds have diverse industrial
applications; thus, is increasingly being demanded. Antimony mainly occurs naturally as stibnite (Sb2S3) and
valentinite (β-Sb2O3) (Filella et al., 2002). Antimony also forms part of many copper, silver, and lead ores. The
weathering of mine wastes produced by the exploitation of antimony-bearing ores is the main cause of the presence
of antimony in the environment (Herath et al., 2017).
Many studies in areas affected by antimony mining confirm that the surrounding water and soils show a significant
increase in antimony concentration (Herath et al., 2017). Antimony can exist in different oxidation states: -III, 0,
III, and V, but the two main ones are III and V (Herath et al., 2017). Sb(III) compounds are more toxic than Sb(V)
compounds. In contrast, the mobility and solubility of Sb(V) are higher than that of Sb(III) (Li et al., 2018). Factors
such as temperature, pH, and Eh of the environment determine the solubility of antimony species. Antimony is not
an essential element in living organisms and is considered toxic for the majority of them above certain threshold
concentrations (Herath et al., 2017). Particularly in humans, it can cause various respiratory, cardiac, and
gastrointestinal diseases and is believed to be carcinogenic (Li et al., 2018). The exploitation of antimony deposits
has caused a serious environmental issue. It is necessary to develop methods to avoid or minimize the release of
antimony generated from these mine wastes and its negative impact on the surrounding ecosystems. The main aim
of this study was to test the feasibility of generating coatings on mine wastes able to diminish environmental Sb
release.
MATERIALS AND METHODS
This study targeted samples of mine waste rocks collected from the San Antonio mine in Badajoz (Spain), the most
important Sb mine in Spain exploited until 1986 (Liso et al., 1991). The particle size fraction of 1.5-5 mm was used
to perform their characterization and the encapsulation tests.
The mineralogical composition of mine waste rocks was determined by X-ray powder diffraction (XRD) using a
Bruker D8 Advance diffractometer. Their leachable Sb content was evaluated according to the European leaching
test EN 12457-4 (2002) followed by analysis by inductively coupled plasma-atomic emission spectrometry
(ICPAES) using a Varian 720-ES spectrometer. The encapsulation process of these mine wastes was performed
using FeSO4 in acid medium (HNO3 0.1 M) as a precursor for coating and H2O2 (10%) as oxidizing agent. A
solid/liquid (kg/L) ratio of 1/7 and different Fe/Sbleachable molar ratios (0.1, 1, and 10) were employed. The treated
mine wastes were left in agitation for 30 minutes. After 24 h of equilibration at room temperature, they were filtered
by vacuum and put in reactors with ultrapure water adjusted to pH 2.5 using a solid/liquid (kg/L) ratio of 1/10.
The reactors were subjected to thermal treatment processes during 24 h in an oven at different temperatures (50
ºC, 100 ºC, and 150 ºC). Afterwards, the treated mine wastes were filtered by vacuum, washed with acidified
ultrapure water, and dried in an oven for 72 h at 30 ºC. Then, the leachable Sb content of treated mine wastes was
determined according to the European standard EN 12457-4 (2002) and their mineralogical composition by XRD.
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RESULTS AND DISCUSSION
As determined by XRD, mine waste rocks consist of: silicates (quartz, muscovite, and chlorite) and carbonates
(calcite and dolomite). After the encapsulation processes a very thin coating of orange-red colors appeared on their
surface; the coating thickness increased with the increasing Fe/Sbleachable molar ratio (Fig. 1a). The XRD analysis of
coated mine wastes revealed the occurrence of silicate, carbonate, and calcium sulphate minerals. No iron
(oxyhydr)oxides or antimony minerals were detected, pointing out their amorphous character or their minor/trace
level.

Fig 1. (a) Hand samples of untreated and treated mine waste rocks. (b) Leachable Sb contents in untreated and treated mine waste rocks.

The leachable Sb content of untreated mine wastes showed a value of 23.8 mg/kg (Fig. 1b), greatly exceeding the
limit value (5 mg/kg) for acceptance at hazardous waste landfills (Council Decision 2003/33/EC). Hence, it is
required a previous treatment to decrease their leachable Sb content below the established limit. All the tested
encapsulation processes reduced importantly the leachable Sb content of mine wastes (Fig. 1b). Decreases were
comprised in the range of 57-97%, with the highest decrease being attained by the encapsulation process performed
at a Fe/Sbleachable molar ratio of 10 and a temperature of 50 ºC. Under such conditions the leachable Sb content of
mine wastes showed a value of 1.3 mg/kg, which is below the limit established by the European legislation for
acceptance at hazardous waste landfills.
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