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Introduction

Galvanic corrosion is the additional corrosion that occurs when dissimilar metals are in contact in the presence of
an electrolyte. The corrosion of a metal, the anode, results from the positive current flowing fr om the anode to
the less reactive (more noble) metal, the cathode, through the electrolyte. Contact between dissimilar metals
occurs frequently but is often not a problem. This article identifies what causes galvanic corrosion and how to
avoid it. This article summarises material from the Australian Stainless Steel Development Association and the
use of this material is gratefully acknowledged.

Figure 1: Galvanic corrosion results in accelerated corrosion for less noble metal

What causes galvanic corrosion?

For galvanic corrosion to occur three conditions must be met:
e the metal join must be wet with a conductive liquid
e there must be metal to metal contact
e the metals must have sufficiently different potentials.

Wetting the join

The conductive liquid or electrolyte could be rainwater or even water from condensation. The greater the
conductivity the more severe the galvanic effects. Salt or industrial pollution significantly increases the
conductivity of water so galvanic effects are normally more severe near th e coast or in heavy industrial areas.
Low conductivity, pure rainwater will only cause slight galvanic effects. However during evaporation, water films
become more conductive (i.e. due to increase salt concentration) and so initially benign water may cause quite
active galvanic effects as the liquid in the crevice under a bolt or clamp becomes more concentrated. Water
may be excluded by design or the use of adhesive sealants.

Metal to metal contact

Galvanic corrosion can only occur if the dissimilar metals are in electrical contact. If the dissimilar metals are
insulated from each other by suitable plastic strips, washers or sleeves then galvanic corrosion cannot occur. A
damp proof course could also be used to separate the dissimilar metals. Paint is not a reliable separator from
direct contact although applying a non-metallic coating system on the noble metal, such as epoxy coating,
polyurethane or acrylic elastomeric is quite effective.

Coating the active (less noble) metal without coating the more noble metal causes drill holes at coating defects.
This is because inthe case of damageto the coating, there will be a large cathode area and a very small anode
area. See discussion on wetted surface below. An example of this is given in (Landrum, 1989) and involved milk
coolers. In this example the tank for the coolers was made of stainless steel, while the reservoir for the cooling
brine was steel coated with epoxy paint. Soon after the manufacture had sold a large number of these units,
small holes appeared to have been drilled through the painted brine reservoir causing leaks. This drilling had
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been caused by galvanic corrosion. The large stainless steel milk tank had acted as a cathode, and the small
pinholes in the paint film had exposed very small areas of steel that acted as anodes. Because of the high

current density, the pinholes rapidly penetrated the light ga uge steel.

Figure 2: Poorly designed mil  k cooler that failed by corrosion (Landrum, 1989)

Potential differences
Metals (including alloys) can be arranged in a galvanic series representing the potential they develop in a given

electrolyte against a standard reference electrode. The relative position of two metals on such a series gives a
good indication of which metal is more likely to corrode more quickly. Figure 3 shows the relative potentials of
a number of metals in flowing seawater. Zinc is more negative than steel and so the zinc coating of galvanised
steel will corrode to protect the steel at scratches or cut edges. The stainless steels are more positive than zinc
and steel, so when stainless steel is in contact with galvanised steel and is wet, the zinc will corrode first,
followed by the steel, while the stainless steel will be prot ected by this galvanic activity and will not corrode.
The rate of galvanic attack is governed by the size of the potential difference.
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Figure 3: Corrosion Potentials in Flowing Seawater at Ambient Temperature (Atlas Steels , 2006)
Note: The unshaded symbols show ranges exhibited by stainless steel in acidic water such as may exist in
crevices or in stagnant or low velocity or poorly aerated water

Steel Advisor CTG1007
© Steel Construction New Zealand Inc. 2010






