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Identification and characterization of nanosized tripuhyite in soil near Sb mine tailings
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abStract

In soil near tailings from an antimony (Sb) mine, we found micro-grains coated with an antimony-
rich layer. These grains were characterized in detail using multiple advanced analytical techniques 
such as micro-X-ray absorption near edge structure (µ-XANES), micro-extended X-ray absorption 
fine structure (µ-EXAFS), micro-X-ray diffraction (µ-XRD), transmission electron microscope (TEM), 
and electron probe microanalysis (EPMA). The EPMA showed that one soil grain (grain A) locally 
accumulated a large amount of Sb in the secondary phases (40–61 wt% Sb2O5) with significant Fe 
(20–28 wt% Fe2O3). The spatial distribution of Sb in the grain was similar to that of iron. Both Fe 
µ-XANES and µ-XRD of the Sb hot spots in grain A consistently showed that the secondary products 
were dominantly composed of ferric antimonate, tripuhyite (FeSbO4). Fits to the Sb K-edge µ-EXAFS 
of this phase showed second-neighbor coordination numbers ∼30% smaller than in bulk tripuhyite, 
indicating that the tripuhyite included in grain A is nanoparticulate and/or has a high structural disorder. 
The TEM analysis suggests that the particle size of tripuhyite in grain A was around 10 nm, which 
is consistent with the size range indicated by µ-XRD and µ-EXAFS. This is the first report showing 
tripuhyite with nanocrystallinity in natural soil to date.
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introduction

Antimony (Sb) is the ninth most mined metal for industrial 
uses worldwide (Krachler et al. 2001; Filella et al. 2002). It is 
frequently used as flame retardant, catalyst in plastics, pigment 
in paints, additive in glassware and ceramics, and alloys for am-
munition (Krachler et al. 2001), though Sb and its compounds 
are considered as pollutants of priority interest (Filella et al. 
2002 and references therein). Although the natural abundance 
of Sb is generally low in soils and sediments (<1 mg/kg) and 
in fresh water (10−3 to 10−6 mg/L) (Filella et al. 2002), elevated 
concentrations of Sb in both soil and water are reported in Sb-
contaminated locations, especially in the vicinity of mines and 
smelters, shooting ranges, and along roads bearing dust from 
brake pads and tires (Flynn et al. 2003; Furuta et al. 2005; 
Scheinost et al. 2006; Mitsunobu et al. 2006). However, many 
questions remain regarding the fate and transport of Sb in aquatic 
environments (Filella et al. 2002). Oxidation states of Sb most 
frequently observed in the environment are Sb(III) and Sb(V). 
In oxic environments, Sb(V) species predominantly occur as 
Sb(OH)6

– and are more soluble in water (Filella et al. 2002; 

Oorts et al. 2008; Mitsunobu et al. 2009). Sb(III) predominates 
as Sb(OH)3

0 in aqueous solutions and is more stable under anoxic 
conditions (Filella et al. 2002; Oorts et al. 2008).

Controls on Sb mobility include sorption and incorporation 
into mineral phases. Iron and Mn hydroxides play an important 
role in controlling Sb behavior in natural aquatic environments 
(Crecelius et al. 1975; Brannon and Patrick 1985; Chen et al. 
2003; Casiot et al. 2007). Recent studies have suggested that 
Sb is strongly associated with Fe(III) hydroxides in soils and 
sediments based on direct evidence using extended X-ray absorp-
tion fine structure (EXAFS) spectroscopy (Takaoka et al. 2005; 
Scheinost et al. 2006; Mitsunobu et al. 2006; Ackermann et al. 
2009). Similar findings for the strong preference of Sb binding 
to Fe(III) hydroxides have been confirmed by lab-based sorption 
studies of Sb on natural sorbents (Thanabalasingam and Picker-
ing 1990; Leuz et al. 2006; Mitsunobu et al. 2010). Thus, the as-
sociation with Fe(III) (hydr)oxides can control the mobility of Sb 
in aquatic environment. However, there are many uncertainties in 
the formation mechanism, mineralogical structure, and particle 
size of the Sb-associated Fe (hydr)oxides. These factors largely 
influence the phase stability and transport of Sb in environment.
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