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1. Principles of Corrosion 
 

1.1 Description 
Corrosion has been defined as the degradation of a material by 
chemical or electrochemical reaction with the surrounding 
environment. The term is usually applied to metals, but most 
synthetics, other non-metals and concrete also degrade 
naturally. 

In metals, corrosion is normally the result of an electro-
chemical reaction taking place on the surface which converts 
the metal into stable or hydrated oxides or other corrosion 
products. In most cases these corrosion products form a skin 
bonded to the metal surface which effectively hinders further 
corrosion — and which replaces itself if the protective skin is 
broken. 

Metals which break down like this are called passivated metals, 
and they include lead, nickel, chromium, cadmium and 
aluminum. Zinc corrosion products also normally behave in this 
way, while the corrosion of stainless steel produces iron and 
chromium oxides to make a hard, inert surface. 

Iron and steel, however, do not form a passivated surface when 
they break down. Their corrosion product is rust: porous in 
nature, and only loosely adhered to the surface of the metal, it 
offers little or no protection from further corrosion. 

Fortunately, there are a number of weapons that can be used 
effectively in the battle against corrosion. 

To understand how they work, however, it is first necessary to 
understand the process of electro-chemical corrosion. 

1.2 The Process of Electro-Chemical Corrosion 
In the simple case of steel, with millscale present, and 
immersed in seawater, ferrous ions carrying a double positive 
charge (Fe^) pass into solution at the anodic areas while 
electrons (—) move within the steel from the anodic to the 
cathodic areas. This represents an electric current, often 
referred to as 'the corrosion current'. At the cathodic areas both 
hydroxyl and hydrogen ions are present by disassociation of 
water molecules. In seawater specifically, common salt is 
present as Na4' and Cl~. Ferrous ions then pass into solution at 
the anode, in turn uniting with Cl~ ions to form FeCh, which, 
being soluble, diffuses away and reverts to other compounds of 
iron, or in the atmosphere, reacts with oxygen and deposits 
loosely on the surface as FezOa, rust. Refer Fig. 1. 

 

Fig. 1 Electro-chemical Corrosion. 

 

ANODE REACTION  CATHODE 

REACTION 

FeFe++ + 2e-  4H+ +4e- + O2H2O 

Fe++ + 2OHFe(OH)2 2H2O + O2 + 4e 4OH- 

Fe(OH)2 + Air  Fe2O3 

 

1.3 Galvanic Corrosion 
When two different metals are in physical contact and 
immersed in an electrolyte such as seawater, then electric 
current will flow from one metal to the other through the point of 
contact and return externally through the electrolyte. This flow 
of current causes dissolution of one of the metals, a process 
which is recognised as galvanic corrosion. 

The composition of the electrolyte, whether seawater or other, 
plays a relatively minor part in the process. It is possible to 
arrange metals in a table form which illustrates which metal will 
corrode in preference to any other. 

As this process is an electrical phenomenon, a voltage or 
potential difference exists between any pair of metals. Taking 
hydrogen as a reference standard on the scale as zero, it is 
then possible to ascribe a specific voltage to each metal on the 
table. This is known as the 'electro-chemical series of metals' 
and the following common construction metals have been taken 
from that table: 

 

Magnesium   2.38 volts 

Aluminum   1.66 volts 

Zinc    0.76 volts 

Iron    0.44 volts 

Lead    0.12 volts 

Hydrogen   0 

Copper   + 0.34 volts 

Silver   + 0.80 volts 

Gold   + 1.36 volts 
 

Taking iron and copper as an example; the iron, being higher in 
the table will selectively corrode at the expense of copper. The 
potential of the iron is: 

-0.44v-(+ 0.34)v = -0.78v or -780 millivolts (mv). 

This figure will vary slightly in practice dependant on the nature 

of the electrolyte and its temperature. 

The use of dissimilar metals in contact must be avoided. 
If dissimilar metals must be joined, they must be 
electrically insulated from one another. 

In addition to the potential difference existing between 
dissimilar metals there are frequently minor potential 
differences existing over the surface of a metal as, for example, 
millscale on steel, and hence corrosion will occur even in the 
absence of a second metal. Recent work has shown that a 
potential of -450 mv may exist between steel and its millscale. 

Also highly stressed surfaces are more anodic to less stressed; 

examples are pipe bends, welds, bolted areas and even areas 
that have been hammered or clamped in jaws of a vice or 
wrench. The head and point of a nail are anodic to the shank. 
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The flow of electric current associated with this form of 
corrosion is also accompanied by chemical reactions. In certain 
conditions sodium chloride in seawater may be converted to 
sodium hydroxide; itself a highly aggressive chemical to many 
paint films. This may in turn expose the metal surface to attack. 

The phenomenon of corrosion is therefore more than electrical; 
it is called electrochemical, and certain terms used in its control 
are borrowed from that science. The words anode and cathode 
are applied to the two metals of an electric (corrosion) cell. The 
metal which corrodes or has the lower potential (towards the 
top of the table) is the anode, the other metal to the cathode. 

1.4 Chemical Corrosion 

Acid attack occurs on steel and less noble metals such as zinc, 
by direct reaction of the acid with the metal, dissolving the 
metal to produce metal Ions accompanied by the evolution of 
hydrogen gas. There are also some very acidic salts such as 
ammonium sulphate, urea and ammonium nitrate which can 
cause rapid and severe corrosion of iron, concrete, aluminum 
and zinc coated steel. 

 

The atmospheric corrosion of steel because of sulphur 
emission is accelerating with increased industrial pollution from 
the burning of coal and oil. The sulphur oxides formed by 
combustion combine with water in the atmosphere to form 
sulphurous and sulphuric acid (acid rain). This results in direct 
acid attack on steel causing corrosion, which can be 
increasingly severe as the acid concentrates with evaporation. 

Acid attack can only be prevented by using a protective 
coating, resistant to the acid, to separate the metal from the 
environment. Elimination of pinholes in the coating is vital and 
suitable coatings for consideration include coal tar epoxies, 
pure epoxies and chlorinated rubber systems. 

 

1.5 Bacterial Corrosion 
In the absence of oxygen, where normally little or no corrosion 
would normally be expected to occur, sulphate reducing 
bacteria, such as Desulfovibrio desulfuricans, convert the 
sulphate to sulphide which reacts with ferrous ions to form iron 
sulphide. The effect of this corrosion is frequently seen as 
severe pitting in the bottom of crude oil carriers and storage 
tanks holding high sulphur oil. 

 

1.6 Hydrogen Sulphide 
Hydrogen sulphide corrodes steel by direct reaction resulting in 
the formation of iron sulphide and hydrogen. Hydrogen is first 
formed as atomic hydrogen which can diffuse into the metal 
and cause hydrogen embattlement and failure of the steel. 
Hydrogen sulphide corrosion is particularly severe on the 
interior of steel sewerage digesters and sour crude oil storage 
tanks and pipelines. 

Hydrogen sulphide attack on concrete sewerage lines has also 

caused severe erosion of ceilings necessitating costly repair. 

Whilst coal tar epoxies have been popularly used as protection 
in these areas, solventless pure epoxies are finding increasing 
usage. 

1.7 Cathodic Protection 
The 'corrosion current' can be negated or suppressed by 
applying an opposing electric current from an external source. 
We have detailed how steel corrodes by ferrous ions passing 
into solution. If a suitable source of positive charges can be 
applied at the anode the escape of ferrous ions, and thus 
corrosion, is prevented. 

 

To generate the positive charges, it is necessary to apply an 
opposing voltage of sufficient strength. This may be produced 
by introduction of a second metal more anodic than iron, e.g. 
magnesium, or the provision of a voltage supplied by generator 
or battery. The opposing voltage must of course be greater than 
the corrosion current. The structure then immersed in an 
electrolyte such as seawater with either anodes in place or 
using impressed current, becomes the cathode and thus the 
process is known as cathodic protection. The use of another 
metal to produce the required current is frequently referred to 
as 'sacrificial cathodic protection' because the anode in 
performing its function, is steadily used up. The use of 
aluminum or zinc anodes is well established as is the form of 
zinc coating described as — galvanising. 

 

The 'impressed current' system of cathodic protection involves 
connecting the positive pole of a D.C. source to the steel 
structure and the negative pole suspended in the electrolyte, 
but insulated from the steel. Most common today are platinized 
titanium anodes capable of dissipating high current densities at 
small unit size. The voltage supplied to the anode usually 
ranges 0.8-1.1 volts. 

 

1.8 Cathodic Protection and Paint Systems 
As has been detailed, voltage is all important in providing 
cathodic protection, but associated with voltage is a flow of 
current. The magnitude of this current is principally dependant 
upon the area of exposed steel. On economic grounds it is 
preferable to keep the current to a minimum and this is 
achieved first anil foremost. By painting the steel. As a result, 
cathodic protection only has to take care of small areas where 
the steel is exposed as a result of mechanical damage or faults. 

 

Where cathodic protection is applied, the whole steel surface 
becomes cathodic and, as mentioned earlier, alkaline 
conditions are induced at the cathode. The greater the potential 
difference between the anode and the cathode, the greater the 
current flow and the stronger the concentration of alkali 
produced. Under conditions of cathodic protection it can easily 
be strong enough to attack paint films with poor alkali 
resistance. Great care must therefore be displayed in selecting 
coating systems for steel under cathodic protection. 

 

Summary 
In most cases of everyday corrosion, protective paint 
coatings remain the most economical and effective method 
of corrosion prevention. 

 


