Characterising the reactivity of metallic iron in Fe0/As-rock/H2O
systems by long-term column experiments
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Abstract
The intrinsic reactivity of 4 metallic iron materials (Fe0) was investigated in batch and column experiments. The Fe0 reactivity was characterised by the extent of aqueous fixation of in-situ leached arsenic (As). Air-homogenised batch experiments were conducted for 1 month with 10.0 g/ℓ of an As-bearing rock (ore material) and 0.0 or 5.0 g/ℓ of Fe0. Column
experiments were performed for 2 and 3 months. Each dynamic experiment was made up of 2 glass columns in series. The
first column contained 2.5 or 5.0 g of the ore material and the second column 0.0 or 5.0 g of a Fe0 material. Results showed
no significant reactivity difference in batch studies for all 4 materials; ZVI2 was by far the most reactive material in column
experiments. This observation was attributed to the relative kinetics of production of aqueous As and Fe species under the
experimental conditions and their impact on the formation of a protective film on Fe0. Accordingly, no protective film could
be built at the surface of the least reactive materials. The results corroborated the urgent need for unified experimental
procedures to characterise Fe0 materials.
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Introduction
Elemental metals are efficient reactive agents for the remediation of several classes of environmental contaminants including
arsenic, azo dyes, bacteria, halogenated organic compounds,
heavy metals, nitrates, nitroaromatics, radionuclides, and
viruses (O´Hannesin and Gillham, 1998; Bojic et al., 2004;
Bartzas et al. 2006; Bojic et al., 2007; Henderson and Demond,
2007; Komnitsas et al.2007; Bojic et al., 2009; Antia, 2010;
Bartzas and Komnitsas, 2010; Bundschuh et al., 2010; LunaVelasco et al., 2010; Noubactep, 2010a; Phillips et al., 2010;
Sarathy et al., 2010, Comba et al., 2011; Giles et al., 2011; ITRC,
2011; Lin et al., 2011; Noubactep, 2011a; Salter-Blanc et al.,
2011). Metallic iron (Fe0) is currently the most used material
for field applications (Gillham, 2010; Comba et al., 2011; Gheju,
2011; Henderson and Demond, 2011; ITRC, 2011; Salter-Blanc
et al., 2011).
Despite the wide variety of environmental contaminants and their possible specific interactions with Fe 0, tested
materials were characterised mainly by their surface area,
size and interface chemistry (e.g. surface state). However,
it has been traceably demonstrated that none of these structural and physical characteristics is really determinant for
the chemical reactivity of Fe 0 (Reardon, 1995; Landis et al.,
2001: Noubactep et al., 2005; Reardon, 2005; Noubactep et
al., 2009). For instance, Landis et al. (2001) reported that Fe 0
materials of comparable particle size (comparable surface
area) exhibited reactivity differences greater than 3-fold
for cDCE and VC degradation rates in column studies. This
example substantiates that a broad understanding of the
chemical reactivity is urgently needed.
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Several sources of Fe0 materials have been reported in
literature to be efficient for aqueous contaminant removal
(Landis et al., 2001; Miehr et al., 2004; Leupin and Hug, 2005;
Noubactep et al., 2005; Gheju and Iovi, 2006; Satapanajaru et
al., 2006; Yang et al., 2006; Ngai et al., 2007; Gheju et al., 2008;
Gheju and Balcu, 2010; Gheju and Balcu, 2011, Wanner et al.
2011). These include commercial Fe0 for contaminant removal
(e.g. Connelly iron, Peerless iron, iron from G. Maier GmbH),
commercial iron for other purposes (e.g. construction steel,
iron nails, steel wool), scrap iron, production by-products, and
Fe0 prepared in situ by reduction of iron salts. Although many
tested materials have been reported to be highly reactive and
recommendable for field application, efficacy of Fe0 in terms of
high removal capacity for a specific contaminant in short-term
experiments is not a guarantee for high removal capacity in
field applications. Moreover, researchers working with nanoscale Fe0 usually compare their results to that of conventional
micro-scale Fe0 (Noubactep et al., 2012 and references cited
therein). The question is what is the reference material to which
innovative materials should be compared?
The present study is a continuation of a series of works
aiming at introducing reliable tools for the evaluation of
the intrinsic reactivity of various Fe 0 materials. A method
based on the characterisation of Fe dissolution in a 2 mM
EDTA solution was first proposed (Noubactep et al., 2004;
2005; 2009). The method was proven less efficient for powdered materials and for materials with high proportion of
fines (Noubactep, 2010b). On the other hand, Fe 0 dissolution
is not necessarily coupled to contaminant removal. These
limitations have led to the development of a second experimental tool in which Fe 0 is characterised by the extent of
the discoloration of methylene blue (MB) in the presence of
manganese dioxide (MnO2) (MB-test) (Noubactep, 2009).
The MB-test was shown to be more efficient and affordable
than the EDTA-test but was limited by the lack of reference
MnO2 materials. Both tests could enable an advanced material
screening. However, of the 18 tested materials, 7 were still
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