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INTRODUCTION

The exploitation of antimony (Sb)-bearing deposits has resulted in an important legacy of mine wastes within the
environment. In general, these wastes have been pootly handled, especially in the case of former mine exploitations,
causing the pollution of surrounding areas. Moreover, unless appropriate measures are implemented to mitigate the
off-site migration of Sb from mine wastes, they constitute nowadays an ongoing source of this potentially toxic
element (Guo et al, 2014). Several approaches have been proposed to manage these mine wastes, including
encapsulation processes, aimed to confine wastes within a matrix that restricts their weathering, and stabilization
methods, aimed to immobilize the Sb labile forms occurring in wastes. Different materials have been proven to
retain Sb, comprising inorganic materials, organic products, and biosorbents (Long et al., 2020). Thus, they could
act as feasible amendments to stabilize Sb mine wastes. Of them, metal oxides such as iron, aluminum, or manganese
oxides highlight for their important role in controlling the mobility of Sb in the environment. Moreover, it has been
found that Sb is mostly adsorbed on them via the formation of inner-sphere complexes (Mitsunobu et al., 2010;
Ilgen & Trainor, 2012; Sun et al., 2019), thus strongly binding Sb. The main objective of this work was to assess the
potential of an amorphous aluminum oxide as stabilizing agent of Sb mine wastes, studying its performance to
attenuate Sb leaching from them.

MATERIALS AND METHODS

The aluminum oxide used as an adsorbent in this study was synthesized using the method described by Sims &
Bingham (1968). Accordingly, a 2 M NaOH solution was slowly added to a 1.5 M AlCl; solution in a volume ratio
of 2:1 under continuous stirring. The obtained precipitate was washed thoroughly with deionized water,
centrifugated, and dried at 70 °C for 24 h. The prepared solid was characterized by X-ray diffraction (XRD) using
a Bruker D8 Advance diffractometer. Mine wastes resulting from the former San Antonio mine were considered in
this study. This mine exploited the most important stibnite (Sb.S3) ore deposit in Spain from 1940 to 1986. Its main
mineral association is constituted by quartz—stibnite—scheelite (CaWOy). Mine wastes were collected from a small
mine dump where small-sized rocks (< 10 mm) are accumulated. Mine waste rocks were sampled from the dump
surface at different places, put together, and homogenized to generate a single composite sample. The minerals
composing these mine waste rocks mainly include silicates and carbonates together with minor/trace amounts of
iron oxyhydroxides and sulfides, as previously determined (Alvarez-Ayuso et al., 2022). Stabilization studies were
carried out by adding increasing amounts of the synthetized solid to a fresh determined amount of mine waste rocks
in order to obtain aluminum oxide/mine waste ratios of 0, 1, 2, 5, 10, and 25%. The obtained mixtures were shaken
for homogenization during 5 min by means of a vertical rotary shaker. The treatment effectiveness was assessed by
leaching studies. Thus, amended mine waste rocks were subjected in triplicate to the European leaching standard
test EN-12457-4 (2002). Accordingly, treated wastes were shaken with deionized water at a liquid/solid ratio of 10
L/kg for 24 h using a vertical rotary shaker working at 10 rpm. After sedimentation and filtration, the extracts
derived from this test were analyzed for Sb by inductively coupled plasma-atomic emission spectrometry using a
Varian 720-ES instrument.

RESULTS AND DISCUSSION

According to the XRD analysis performed on the synthesized solid (Fig. 1), no minerals were detected, indicating
its amorphous character.
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Fig. 2 shows the leaching behavior of treated mine waste rocks determined according to the European leaching
standard test EN-12457-4 (2002). The incorporation of the amorphous aluminum oxide progressively decreased the
leachable Sb content in mine wastes with the increasing amendment application, ranging from 30.0 mg/kg (0%
amendment) to 9.2 mg/kg (25% amendment). The Sb leaching decreases achieved values of 6.8, 14.6, 18.7, 24.4,
and 69.5% when the amorphous aluminum oxide was applied at doses of 1, 2, 5, 10, and 25%, respectively. Despite
the important reduction in the leachable Sb content in mine waste rocks treated with the highest amendment dose,
the limit value (5 mg/kg) established for the acceptance of wastes at hazardous waste landfills (Council Decision
2003/33/EC) was still exceeded. Higher amendment applications would be necessary to further decrease the
leachable Sb content in mine waste rocks and thus make them acceptable at controlled landfills. Therefore, the
amorphous aluminum oxide shows a great potential to stabilize Sb mine wastes, albeit relatively important
amendment doses (> 25%) are required if their acceptance at controlled landfills is the goal.
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Fig 1. XRD pattern of synthetized solid. Fig 2. 1 eaching behavior of treated mine waste rocks.
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