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Abstract

Contaminant co-precipitation with continuously generated and transformed iron corrosion products has received relatively  
little attention in comparison to other possible removal mechanisms (adsorption, oxidation, precipitation) in Fe0/H2O systems at 
near neutral pH values. A primary reason for this is that the use of elemental iron (Fe0) in environmental remediation is based 
on the thermodynamic-founded premise that reducible contaminants are potentially reduced while Fe0 is oxidised. However, 
co-precipitation portends to be of fundamental importance for the process of contaminant removal in Fe0/H2O systems, as the 
successful removal of bacteria, viruses and non reducible organic (e.g. methylene blue, triazoles) and inorganic (e.g. Zn) com-
pounds has been reported. This later consideration has led to a search for the reasons why the importance of co-precipitation 
has almost been overlooked for more than a decade. Three major reasons have been identified: the improper consideration 
of the huge literature of iron corrosion by pioneer works, yielding to propagation of misconceptions in the iron technology 
literature; the improper consideration of available results from other branches of environmental science (e.g. CO2 corrosion, 
electrocoagulation using Fe0 electrodes, Fe or Mn geochemistry); and the use of inappropriate experimental procedures (in 
particular, mixing operations). The present paper demonstrates that contaminant co-precipitation with iron corrosion products 
is the fundamental mechanism of contaminant removal in Fe0/H2O systems. Therefore, the ‘iron technology’ as a whole is to be 
revisited as the ‘know-why’ of contaminant removal is yet to be properly addressed.

Keywords: adsorption, co-precipitation, iron corrosion, iron oxhydroxides, zerovalent iron

Introduction

The use of iron-based alloys (elemental iron, zerovalent iron, 
Fe0 materials or simply Fe0) for environmental remediation is 
certainly one of the ideas that have fascinated environmental 
scientists during the last 2 decades (Gillham and O’Hannesin, 
1994; Lipczynska-Kochany et al., 1994; Matheson and Trat
nyek, 1994; Schreier and Reinhard, 1994; O’Hannesin and 
Gillham, 1998; Bigg and Judd, 2000; Scherer et al., 2000; Lee 
et al., 2004; Bojic et al., 2007; Henderson and Demond, 2007; 
Laine and Cheng, 2007; Cundy et al., 2008; Jeen et al., 2008; 
Thiruvenkatachari et al., 2008). After the successful implemen-
tation of the first iron walls (O’Hannesin and Gillham, 1998), 
and the controversial use of iron nano-particles for quantita-
tive contaminant reduction at source zones (Gillham, 2003, 
Noubactep and Caré, 2010a), Fe0 materials could be regarded 
as the media of choice for all contamination events. Presently, 
around 120 Fe0 barriers are installed worldwide and most of 
them currently meet design specifications (Jambor et al., 2005; 
Henderson and Demond, 2007; Cundy et al., 2008).

The primary use of Fe0 materials in environmental reme-
diation is based on the premise that quantitative contaminant 
removal in Fe0/H2O systems is mostly due to contaminant 
reduction through electrons from the metal body (Matheson 
and Tratnyek, 1994; Weber, 1996, O’Hannesin and Gillham, 
1998). Because of the electrochemical nature of aqueous corro-
sion, this is only possible:

•	 At the Fe0 surface
•	 Through defects in the metal such as pits
•	 At the surface of an overlaying electrically conductive 

oxide-film. 

However, given that under typical ranges of sub-surface pH 
(6 ≤ pH ≤ 9) (e.g. Aleksanyan et al., 2007) there are several 
other possible contaminant removal mechanisms (adsorption, 
co-precipitation, indirect reduction) in Fe0/H2O systems (e.g. 
Stipp et al., 2002), it is doubtful whether direct reduction may 
be the major contaminant removal pathway as it is commonly 
assumed.

The concept of reductive transformation (degradation of 
organics and precipitation of inorganics) in Fe0/H2O systems 
persists in current literature, despite a number of papers that 
have attempted to theoretically and experimentally point out 
their inherent shortcomings, as summarised by Noubactep 
(2007; 2008; 2010). In particular, the observed lag time 
between Fe0 supply and quantitative contaminant removal is 
a strong argument against direct reductive transformations 
(electrons from Fe0). Evidently, the cited papers (Noubactep, 
2007; Noubactep, 2008; Noubactep, 2010; Noubactep et al., 
2010a) and related papers (Noubactep, 2009a-g; Noubactep and 
Schöner, 2009; Noubactep et al., 2009a; 2009b; Noubactep, 
2010b; Noubactep and Caré, 2010a; Noubactep and Schöner, 
2010a) are not clear enough in their explanation to convince 
many authors of current articles dealing with contaminant 
removal in Fe0/H2O systems (Elsner et al., 2007; Jeen et al., 
2008; Katsoyiannis et al., 2008; Wang and Cheng, 2008; Kang 
and Choi, 2009; Tratnyek and Salter, 2010). An understanding 
of how aqueous contaminants are effectively removed in the 
presence of Fe0 is essential for proper designing of the reactive 
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