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Electrochemical Chloride Extraction: Assessment of Benefits and Drawbacks

Michael Siegwart’

Abstract

The use of electrochemical rehabilitation on chloride contaminated reinforced
concrete structures has increased in recent years. One of these electrochemical
methods is electrochemical chloride extraction, in which an electrical field is applied
between the reinforcement and an external electrode. The method is applied to
chloride-contaminated concrete where corrosion has not yet caused delamination or
spalling of the concrete cover. The chloride is removed from the vicinity of the
reinforcement within a short period of time (3 to 5 weeks) which makes it a cost
effective alternative compared to traditional repair methods. This paper presents the
latest developments in the field of chloride extraction. It explains its benefits and
Low to assess these, which is of particular importance when the cfficicney of the
method is to be evaluated. Questions have been raised about the occurrence of side
effects such as spalling of concrete cover during chloride extraction, softening of the
cement matrix and hydrogen embrittlement. This paper is aimed at the practitioner
and, therefore, explains how to recognise and mitigate side effects through correct
application of electrochemical chloride extraction.

Introduetion

Chloride in reinforced concrete causes the breakdown of the passivating iron-
hydroxide layer on the surface of reinforcement and corrosion is initiated (Figure 1).
Early signs of chloride induced corrosion are rust staining on the surface of the
structure and at a later stage spalled and delaminated concrete cover. When corrosion
has just commenced, but is not visible yet, it can be detected using non-destructive
tests such as the half-cell potential readings (Vsce) and the corrosion current (Ion)-

Corrosion causes a reduction of the cross section of the reinforcement, it
reduces the load bearing capacity of the structure and endangers its structural
integrity. To combat the deleterious effects of chloride in concrete the application of
electrochemical methods such as cathodic protection and chloride extraction is now
commonly accepted. These methods are effective because, like the corrosion caused
by chloride, they are also electrochemical in nature.
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Figure 1. Chloride induced macro-cell corrosion.

During Electrochemical Chloride Extraction (ECE) the reinforcement is
connected to an external electrode and then negatively polarised. The reinforcement
is then called cathode and current flows from the cathode to the external anode,
which consists of an inert material (iridium) in order to avoid metallic dissolution.

Application of Chloride Extraction

Main Benefits. ECE is a short-term process (3-5 weeks). It is the short
duration, which 1s also its main advantage because there are no long term monitoring
costs associated with this method. Furthermore, it is non-intrusive and can be used
without interrupting the traffic flow, when applied on a bridge or in a car park car
park.

Pre treatment considerations. Spalled and de-laminated conerete and cracks
have to be repaired prior to the application of ECE in order to avoid short-circuiting.
The reinforcement needs to be tested for electrical continuity. Any metal in close
proximity (50 mm) to the reinforcement or the external anode must be polarised
negatively in order to avoid stray current corrosion. The external anode is then
installed on the concrete surface. Different systems have been used depending on the
constraints imposed by the structure and on other requirements such as the
electrolyte. A cassette shutter may be appropriate for an electrolyte containing
additives such as potassium carbonate, whereas a blanket system wetted in frequent
intervals may be sufficient for plain tap water.

Fundamentals of Treatment. Chloride extraction is a specialist technique and
the engineer has to understand the fundamentals of electrochemistry and electrical
engineering (Bockris et al, 1998). For the practitioner it is important to understand
how current (A), current density (A/m?), potential (V) and charge (Amphrs) are
linked together when an ECE system is designed.

ECE is a galvanostatic process as the current is controlled and the potential
adjusts according to the resistance (£2) of the system following Ohm’s law as shown
below:
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