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INTRODUCTION

The increasing release of antimony (Sb) into the environment has raised concern due to its potential toxic effects
on ecosystems and human health. To better understand its environmental behavior and to propose measures for its
attenuation, the adsorption properties of different minerals toward this metalloid have become an important focus
of study. Metal (oxyhydr)oxides, particularly those of iron, aluminum, and manganese (Bai et al., 2017; Sun et al.,
2019; Xiang et al., 2025), along with clay minerals containing reactive aluminol groups such as kaolinite,
montmorillonite, and nontronite (Xi et al., 2011, 2016; Ilgen and Trainor, 2012), have received the most attention.
While the adsorptive behavior of metal (oxyhydr)oxides is well established, being considered the most important
sinks for Sb in impacted environments, the adsorption performance of certain clay minerals remains largely
unexplored. This is the case of palygorskite, a magnesium aluminosilicate with a one-dimensional rod-like
morphology and a 2:1 (tetrahedral-octahedral—tetrahedral) structure in which periodic inversion of the tetrahedral
chains creates a discontinuity in the octahedral sheet aligned with the elongation direction, and generates numerous
reactive silanol groups (Wang and Wang, 2019). In addition, partial substitution of magnesium by aluminum in the
octahedral sheet produces a significant population of aluminol groups. These metal-bound hydroxyl groups are
known to actively adsorb Sb through the formation of inner-sphere complexes (Ilgen and Trainor, 2012). The main
objective of this study was to determine the adsorption capacity of Sb(I1l) on natural palygorskite.

MATERIALS AND METHODS

The palygorskite used in this study originated from Bercimuel (Segovia, Spain) and was provided by MYTA, S.A.
(SAMCA Group). Prior to the adsorption experiments, the material was characterized to determine its mineralogical
composition, specific surface area (SSA), and point of zero net proton charge (PZNPC). Mineralogical identification
was performed by X-ray powder diffraction (XRD) using a Bruker D8 Advance diffractometer, the SSA was
measured by the single-point method with a Micromeritics FlowSorb II 2300 analyzer, and the PZNPC was
determined following the titration procedure of Van Raij and Peech (1972). To obtain the adsorption isotherm of
Sb(III) on palygorskite, batch adsorption experiments were conducted in 50-mL polypropylene flasks. Suspensions
containing 5 g/L of palygorskite and Sb(III) solutions of defined concentrations (1-30 mg/L), previously adjusted
to pH 8, were equilibrated under continuous agitation on a rotary shaker in a thermostatic chamber set at 22 °C.
After equilibration, the solid phase was separated by centrifugation (4000 rpm, 10 min) and Sb concentrations in
the supernatants were quantified by inductively coupled plasma—atomic emission spectrometry using a Varian 720-
ES instrument.

RESULTS AND DISCUSSION

As determined by XRD (Fig. 1), the palygorskite sample consisted mainly of palygorskite, together with muscovite,
quartz, calcite, and smectite. Its SSA and PZNPC were 158 m2/g and 8.1-8.2, respectively. The adsorption isotherm
obtained for Sb(Ill) removal by the palygorskite sample is shown in Fig. 2. According to the classification of Giles
et al. (1960), the isotherm for Sb(IIl) adsorption on palygorskite within the studied Sb(IlI) concentration range
corresponds to a C-type (constant partitioning). A linear relationship was observed between the equilibrium
concentrations (Ce) of Sb(III) in solution and the Sb(III) adsorbed amounts (X/M) on palygorskite [R2 = 0.9827 (p
< 0.001)]. The distribution coefficient (Kd), calculated as (X/M)/Ce, was 0.110 L./g. The maximum adsorption
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capacity reached within the studied Sb(III) concentration range was 2.18 mg/g. This value lies within the upper
range of maximum adsorption capacities (0.084-3.29 mg/g) reported for Sb(III) at pH 5.5-8 on other clay minerals
containing vatiable amounts of aluminol groups (Xi et al., 2011, 2016; Ilgen and Trainor, 2012). Because Sb(11I)
occurs predominantly as the neutral species Sb(OH)3? between pH 2 and 10 (Filella et al., 2002), the adsorption of
Sb(III) on palygorskite is not expected to change significantly within this pH range, despite the change in the
palygorskite surface charge above and below its PZNPC.
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Fig 1. XRD pattern of palygorskite sample. Fig 2. Adsorption isotherm of Sb(IIl) on pabygorskite.
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