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the complete destruction of the object.
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using electrochemical reduction method
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The inherent instability of
archaeological iron objects is due
to contaminated with chloride
ions from the burial environment,
as well as being exposed to
oxygen and high relative humidity.
Therefore, the removal of
chloride ions and the stabilization
of active corrosion are essential
steps to  prevent  further
deterioration and to preserve
these artefacts. Numerous
scholars have investigated various
methods for the dechlotination
of archaeological irons. However,
the complexity of the corrosion
mechanisms, the varying condition
under which artefacts were buried,
the specific characteristic of each
object, and the ethical principles
of conservation and restoration
confront conservation scientists
with significant challenges. As a
result, from the eatliest research in
this field to the present day, studies
in the subjects are still ongoing, A
meticulous review of the literature
can lead to a better understanding
of existing research findings and
help identify aspects that more
research is needed. The aim of
this paper is to review, critique
and examine each of the different
chlorination methods, while also
discussing their disadvantages and
limitations. This review discuses
different methods of chloride
ions removal and stabilization

of archaeological iron artefacts,
including electrochemical
techniques, immersion in alkaline
aqueous solutions, application
of subcritical fluids, hydrogen
plasma, and biological treatment
using bacteria. In addition, factors
affecting the process before,
during, and after dechlorination,
as well as the specific challenges
of treating large and composite
objects are examined. Finally,
by reviewing and comparing the
studies conducted in this paper,
it was found that there are still
gaps in this regard, the analysis
of which will ultimately lead to
the application and optimization
of appropriate dechlorination
methods tailored to the specific
characteristics of each object and
its conservation conditions.

Keywords: Archaeological iron,
Chloride, Corrosion, Dechlotina-
tion, Conservation treatment

Introduction

The instability of  ferrous
archaeological objects is primarily
due to the presence of chloride
ions during burial which lead
to corrosion in the presence of
oxygen and high relative humidity
after excavation (Jemes etal, 2021).
The predominant response to this
problem is to reduce the chloride
content as much as possible using
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various dechlorination methods, each with their own
advantages and limitations. However, despite the many
advances made in this type of treatment since the second
half of the 20th century, there are still differing- and
even contradictory- opinions regarding the effectiveness
of each method, its effect on corrosion layers, and the
appropriate treatment time and method for each object.
Considering the aforementioned, a critical review of the
studies and current methods is necessary to facilitate
the application and optimization of the dechlorination
methods and the promotion of conservation solutions.
Accordingly, this review aims to provide a detailed and
critical analysis of existing data on various methods of
chloride ions removal or stabilization treatments used in
order to prevent further corrosion and deterioration of
archaeological iron artefacts. It also considered various
related aspects of conservation treatments and different
characteristics which can affect the efficiency of the
process. Finally, the review also discusses the advantages,
limitations and deleterious effects of the methods.

Research Methodology

This study is based on a review ofpapers published
between 1977 and 2024 available in reputable scientific
databases. A comprehensive selection and examination
of related papers was conducted. Various methods of
chloride ions removal have been extracted and classified
according to the materials and principal mechanisms
involved in the process. The advantages, limitations
and consequences of each method have been critically
examined.

Results and Discussion

Minimizing iron corrosion after excavation and removing
chlorides has been a particular concern for conservators.
Consequently, scholars are continually seeking to address
this challenge through different dechlorination methods.
The evolution of these methods has been directed
towards innovation or performance improvement, and
to a large extent, the techniques employed have become
increasingly novel and efficient. Different methods of
chloride ions removal and stabilization of archaeological
iron artefacts can be summarized as follows:

(@) Electrochemical techniques (Coelho et al, 2014,
Ahmed, 2011; Cuvillier et al, 2023),

(i) Immersion in alkaline aqueous solutions (Selwyn &
Argyropoulos, 2005; Pienimiki, 2022; Russo et al, 2023),
(iii) Application of subcritical fluids (Ndsdnen et al, 2013;
Drews et al, 2014),

(iv) Hydrogen plasma (Schmidt-Ott, 2004; Krcma et al,
2007),

(v) Biological treatment using bacteria (Jemes et al, 2021;
Cuvillier et al, 2022),

(vi) Reburial of objects in the soil (Gonzalez & Salvato,
2019; Matthiesen et al, 2022)

A review of the literature showed that, regardless of
the method of chloride ions removal, many influential
factors such as:

1. Storage conditions before treatment (Kergourlay et al,
2010; Guilminot et al, 2012),

2. Cleaning of objects before dechlorination (Andersen,
20006; Pienimiki, 2023),

3. Drying the objects between treatments (Watkinson &
Lewis, 2005b; Pienimiki, 2023),

4. Aerated and deaerated treatment environments and
evolution of corrosion layers (Kergoutlay et al, 2018),

5. Dechlorination temperature (Schmidt-Ott & Oswald,
20006; Kergourlay et al, 2010),

6. Physical stability of the corrosion layers (Parra et al,
2017),

7. Relationship between the elements constituting the
object and dechlorination (Nordgren, 2017),

8. Washing and drying steps after dechlorination
and its effect on the formation of different layers
(Ahmed, 2011; Nordgren, 2016; Kergourlay et al,
2018) have also been studied, and the disadvantages
and advantages of these methods have been identified
to a certain extent. Also, studies conducted on the
dechlorination of large, composite, and immovable
objects, their treatment methods (Siova et al, 2023; Batis
et al, 2014), and determining the amount of chloride
residue in the objects after treatment, with respect to
dissolved oxygen consumption, have been reviewed
(Nordgren, 2017; Rimmer et al, 2013). It was revealed
that all current methods have side effects, and none
guarantee the complete stability of the object. Subcritical
treatment, however, has demonstrated high efficiency in
dechlorination of historical iron objects, although this
method still requires further investigation and is not
suitable for large or composite objects.

Conclusion

Despite the considerable research conducted to date,
an ideal solution for the treatment and conservation
of historical irons after excavation-one that effectively
address the problem of corrosion caused by chloride
compounds in these artefacts- has not yet been achieved.
As a result, further studies are needed to improve existing
methods or to develop new methods for chloride ions
removal and stabilization. Dechlorination is most
effective when all relevant factors can be considered
together, ideally leading to the complete conversion of
active corrosion products into stable ones. Furthermore,
considering the aforementioned, the use of different
materials and methods in dechlorination, despite their
advantages and practical implications, has contributed
to the ongoing improvement and advancement of the
field. Further research could focus on the application
of new materials or on combining existing materials
and methods with other influential factors to enhance



Chloride Tons Removal and Stabilization of Archaeological Irons|Elaheh Hajjari, Mohammad Mortazavi, Keyvan Raeissi,

N Mohammad Hafezi Kahnamoei| 121

treatment outcomes. Suggestions for future research can
be made as follows:

1. The subcritical fluid method is a very effective method
and can continue until the washing and drying stage of
the object, preventing possible damage that may occur in
these stages.

2. In the treatment of composite objects with a high
chloride ion content, a combination of different materials
and methods can be used with sponges and the success
of the treatment can be examined.

3. It is important to compare different dechlorination
methods because each of them causes different cracks
and porosity in the structure of the objects. These cracks
and porosity, despite improving the treatment process,
cause oxygen consumption after treatment and affect the
stability of the object.

Finally, it can be stated that postponing treatment in
the hope of a possible improvement in the future is
not a good choice. Because corrosion never stops.
Therefore, one should always try to examine the existing
gaps, considering the studies conducted in the field of
dechlorination of ancient irons, and eliminate them as
much as possible, so that ultimately it can cause greater
stability of archaeological iron objects.



