
Chapter 2

The corrosion of steel

Coatings are used to prevent or control corrosion, so an appreciation of
the basic principles of corrosion is advantageous to those concerned with
coatings technology. When coatings break down, then the steel will
corrode, and the nature and anticipated extent of corrosion may well
determine the types of coating to be used. Furthermore, the type and
degree of corrosion under a paint film will influence its protective value to
a marked degree and will, to a considerable extent, affect maintenance
decisions. In the case of bare metal coatings, their performance will
depend entirely upon the amount of corrosion that occurs in the specific
environment of exposure. Again, a basic understanding of corrosion prin-
ciples is necessary in order to appreciate the way in which cathodic protec-
tion operates and the situations in which it can be used.

The aim here is to provide a general account in relation to the selection
and performance of coatings and the operation of other control processes
that may be used for structures and buildings.

2.1 Corrosion: the basic process

The corrosion of steel arises from its unstable thermodynamic nature.
Steel is manufactured from iron, which is made in a blast furnace by redu-
cing ores such as haematite (Fe2O3) with carbon in the form of coke. This
can be illustrated in simple chemical terms as follows:

2Fe2O3 � 3C → 4Fe � 3CO2
(iron ore) (coke) (iron) (↑gas)

This reaction occurs at a very high temperature but the final products, iron
and eventually steel, are unstable, a great deal of energy having been sup-
plied in the process. Consequently, when steel is exposed to moisture and
oxygen it tends to revert to its original form. Again, in simple chemical terms,

Fe �O2 �H2O→Fe2O3.H2O
(iron) (rust)

© 2002 D. A. Bayliss and D. H. Deacon



Rust is a hydrated oxide, similar in composition to haematite. This explains
why steel tends to rust in most situations and the process can be con-
sidered to be a natural reversion to the original ore from which it was
formed. It does not, however, explain why steel corrodes more rapidly
than most other constructional alloys. All of these, with the exception
sometimes of copper, are found in nature in the form of minerals or ores,
i.e. they are combined as oxides, sulphides, etc. Energy is expended in
producing them either by heating, as with steel, or by some other method.
As the natural mineral is more stable, all constructional metals have a
tendency to revert back to their original form. However, this tendency,
which can be calculated from the thermodynamics of corrosion processes,
is concerned with the equilibrium state of a chemical system and the
energy changes that occur. Although thermodynamics provides informa-
tion on the tendency of a reaction to occur, it provides no data on the rate
of reaction or, in chemical terminology, the reaction kinetics.

It may be known that steel, if exposed to moisture and oxygen, will rust,
but in practice the important point is usually how fast it will rust. A piece
of steel left in a damp garage during the winter months may exhibit some
surface rust, whereas the same piece of steel left out in the garden may
have rusted to a much greater extent. Again, a piece of galvanised, i.e.
zinc-coated, steel left in the garden may show some surface deterioration
which can easily be rubbed off leaving the zinc barely corroded. These
simple examples illustrate the following points:

(i) The same alloy will corrode at different rates in different situations.
(ii) Different metals and alloys corrode at different rates under the

same conditions of exposure.

The second of these points arises not, as might be supposed, because, for
some reason, alloys have different intrinsic corrosion characteristics: in
practice, some of the most reactive metals actually corrode at a low rate. It
is because the corrosion reaction with air (oxygen) often results in the
immediate formation of an oxide film on the surface, which protects the
metal. A typical example is aluminium, which forms a thin surface film
(Al2O3) on exposure to the atmosphere and so tends to insulate the alu-
minium metal or alloy from the environment. In some situations these
films are either not formed or are not particularly effective in stopping
reactions between the environment and the metal. An oxide film, basically
Fe2O3, is formed on steel but in most situations it is not particularly protec-
tive, so the environment can react with the metal, leading to rusting.
However, the surface film can be improved by adding certain elements to
steel in sufficient amounts. For example, the presence of 12% chromium
results in the formation of a more protective film, Cr2O3, which acts as a
very good barrier, reducing the corrosion rate by a considerable amount.

6 Steelwork corrosion control

© 2002 D. A. Bayliss and D. H. Deacon



Such a ferrous alloy, containing 12Cr, is ‘stainless steel’, although gener-
ally there is a much higher percentage of alloying elements in the more
corrosion-resistant stainless steels, typically 18% chromium, 10% nickel
and 3% molybdenum.

It will be gathered from the above discussion that, generally, the corro-
sion rate of a metal or alloy will be determined by the formation of surface
films and their ability to protect the metal from the environment. This is
not a full explanation of the situation but is sufficient to show the impor-
tance of the environment in determining the rate of corrosion. Corrosion
can be defined in various ways, but an acceptable definition is ‘a chemical
or electrochemical reaction between a metal or alloy and its environment’.
The chemical or electrochemical requirement differentiates corrosion
from other forms of deterioration of metals, e.g. wear and abrasion, which
involve mechanical effects.

It follows that the corrosion characteristics are not an intrinsic property
of an alloy as are, for example, strength or hardness at ordinary tem-
peratures. Although some alloys are considered to be more corrosion
resistant than others, it should not be assumed that in all circumstances
this will be the case. In some chemical solutions, e.g. certain concentra-
tions of sulphuric acid, a protective surface film is produced on ordinary
steel and this reduces corrosion to a level below that sustained by stainless
steels.

It can be seen that the rate of corrosion depends upon the environment
to which the alloy is exposed, and this will be considered in some detail for
ordinary carbon steels (Section 2.4). The electrochemical nature of corro-
sion can also be explained with reference to steel.

2.2 The electrochemical nature of corrosion

As discussed above, steel produces a rather poor protective film on its
surface so that, in the presence of moisture and oxygen, corrosion occurs.
This corrosion is electrochemical, i.e. it is basically the same process as
that occurring in a simple electrolytic cell (see Figure 2.1). The essential
features of such a cell are two electrodes, an anode and a cathode, joined
by an external conductor, e.g. copper wire, and immersed in an electrolyte.
An electrolyte is a solution capable of carrying current, e.g. rain or tap
water. The processes involved are complex and will not be discussed in
any detail. However, if pieces of copper and zinc are joined together and
immersed in an electrolyte with an ammeter in the external circuit, a
current will be detected. The copper becomes the cathode of the cell and
the zinc the anode. The potentials of the two metals are different and this
provides the driving force for the cell. Current similarly flows if steel is
joined to zinc; again, zinc acts as the anode and steel as the cathode. This
experiment can be used to illustrate the principle of two important
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methods of corrosion control: cathodic protection (see Chapter 12) and
protection by zinc coatings (Chapter 7). However, if copper is substituted
for the zinc and connected to steel, the copper is the cathode and steel the
anode of the cell, and so the steel corrodes.

Corrosion occurs at the anode of the cell; little or no corrosion occurs at
the cathode. The simple experiments discussed above illustrate another
important phenomenon – bimetallic or galvanic corrosion. If different
metals or alloys are joined in the presence of an electrolyte, one will
corrode at an increased rate whereas the other will corrode at a lower rate
or will not corrode at all. This arises because of the potential difference set
up when different metals are joined. If two pieces of steel are joined in a
cell, there may be sufficient variations in the surface condition to produce
a small potential difference. However, if one of the two pieces of steel is
oxygenated, i.e. if air is blown around it or the electrolyte is heated locally
near one of the pieces of steel, a current will flow. Summarising, variations
in either the metal or the environment may well produce the conditions
required to set up a cell with corrosion occurring at the anode.

In practice there are small variations over the steel surface. If a piece of
steel is polished and etched, then examined under a microscope, the struc-
ture will usually be seen to consist of grains (Figure 2.2). These produce
small potential differences on the surface. If an electrolyte – this may be
rain or dew – is present on the steel surface, then small cells can be set up
with corrosion occurring at the anodic areas. The corrosion reactions can
be illustrated using chemical terminology as follows:

anodic reaction

Fe → Fe2� � 2e�

(iron metal) (ions) (electrons)
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Figure 2.1 A simple electrolytic cell.
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This is a simple way of describing the process where iron is removed as
charged particles called ions (Fe2�) and electrons (e�) carry current to
balance the electric charge.

Clearly a balancing reaction must occur at the cathode and under ordin-
ary natural exposure conditions this can be represented as follows:

cathodic reaction

��O2 � H2O � 2e� → 2OH�

(oxygen) (moisture) (hydroxyl)

In short, hydroxyl ions are produced at the cathode. These two reactions
can be combined in a chemical equation:

Fe � ��O2 �H2O→2OH� �Fe2�

The ferrous and hydroxyl ions react together to form ferrous hydroxide:

2OH� �Fe2� →Fe(OH)2

This is a simple form of rust which is unstable and is eventually oxidised
(i.e. reacts with oxygen) to form the familiar reddish brown rust, chemi-
cally denoted as FeOOH, or more commonly Fe2O3.H2O. This is the form
of rust usually produced in air, natural water and soils. However, under
acidic conditions hydrogen is produced at the cathode and the corrosion
product may be Fe3O4 (magnetite).

2.3 Corrosion terminology

Terms frequently used in relation to corrosion are discussed briefly below.
Full explanations are available in standard text books.

2.3.1 Potential

There is a theoretical e.m.f. series of metals (not alloys) called ‘standard
equilibrium potentials’. These are important in purely electrochemical
terms for the understanding of processes but are of little importance so far
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Figure 2.2 Diagrammatic representation of a steel surface, showing anodes and cathodes.

© 2002 D. A. Bayliss and D. H. Deacon



as practical corrosion problems are concerned. More useful are potentials
experimentally measured using a suitable reference electrode and pub-
lished in tables such as the ‘Galvanic Series in Sea Water’. These have
some practical value because the extent of differences in potential
between different alloys provides an indication of the effect of coupling
them (see Section 2.2).

Potentials are also important in determining the operating effectiveness
of cathodic protection systems (see Chapter 12).

2.3.2 Polarisation

The potential difference between the two electrodes in a cell provides the
‘driving force’ for the current, which determines the extent of corrosion at
the anode. However, when the cell is operating, i.e. when current is
flowing, the e.m.f. of the cell is different from that theoretically predicted
by taking the difference in potentials of the two metallic electrodes. Polar-
isation occurs at both the anode and the cathode.

Polarisation, sometimes termed overpotential or overvoltage, can be
defined as the difference of the potential of an electrode from its equilib-
rium or steady-state potential. This can be considered in terms of the
energy required to cause a reaction to proceed. An analogy would be the
initial energy required to push a car on a level path. Once the car is
moving, less energy is required, but if a slope is reached the energy
required on the level is not sufficient to push it up the slope, so it tends to
slow down and eventually stops.

Once the cell is operating, changes occur in the cell; ions tend to collect
near the anode and reactants tend to surround the cathode. The net result
is reduction in the potential difference between the electrodes.

2.3.3 Passivity

Under certain conditions a corrosion product forms on the surface of a
metal, providing a barrier to the environment, i.e. it acts in a similar way to a
coating. To achieve passivity the corrosion product must adhere to the
surface and be stable both chemically and physically so that it does not dis-
integrate. Such products are sometimes produced near anodic sites and so
tend to passivate these areas. Iron becomes passive when immersed in con-
centrated nitric acid because a thin film of ferric oxide is formed, which, pro-
vided it is not disrupted, isolates the iron from the corrosive environment.

A good example of a passive film is that produced on stainless steels
where, because of the chromium content of the alloy (over 12%), a very
resistant film, basically Cr2O3, is formed. This not only stops stainless steels
from corroding to any extent in air, but also has the capability of rapidly
reforming if it is damaged. It is interesting to note that the corrosion per-
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formance of stainless steel is determined by its ability to maintain a passive
surface film and, if it is broken down and not repaired, the potential of the
alloy changes dramatically and is moved towards the anodic end of the
galvanic series.

2.4 Corrosion in air

Clearly, there is a plentiful supply of oxygen in air, so the presence or
otherwise of moisture determines whether corrosion will occur. Steel is
often visibly moist after rain or when there has been fog or dew. However,
the water vapour in the air can also cause steel to rust even though no
visible moisture is present.

The amount of water vapour in the air is indicated by the relative
humidity, and Vernon carried out some experiments which showed the
effect of relative humidity on rusting.1 He showed that in pure air there
was little corrosion below 100% relative humidity (r.h.), but in the pres-
ence of small concentrations of impurities, such as sulphur dioxide, serious
rusting could occur above a certain critical humidity, which was about
70%. Below this level, rusting is slight provided moisture from other
sources is not present (see Figure 2.3). These experiments showed the
importance of two factors that determine the corrosion rate in air, i.e.
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Figure 2.3 Simplified diagram showing the effect of relative humidity and pollution on
the corrosion of carbon steel.

Source: Vernon.1
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(i) relative humidity, and
(ii) pollutants and contaminants

The effect of moisture is related to the length of time it is in contact with
the steels, so the influence of relative humidity is generally more important
than that of precipitation processes such as rain, because the relative
humidity may remain above 70% for long periods, particularly in the
United Kingdom and other northern European countries. However, in the
absence of pollution such as sulphur dioxide (SO2), corrosion is only slight,
but a reasonably linear correlation has been shown to exist between the
corrosion rate and the amount of SO2 in the air.2 Although SO2 can dis-
solve in moisture to form acids, the effect is not to produce a direct attack
on the steel, but rather is the formation of salts such as ferrous sulphate
(FeSO4). These compounds, sometimes called corrosion salts, are able,
by complex reactions, to produce further rusting. Additionally, they are
hygroscopic and so can trap further moisture on the steel surface. Such
salts are of more than academic interest because their presence in rust is
one of the main causes of coating breakdown when paints are applied to
rusted surfaces (see Chapter 3). When chlorides are present on the steel
surface, typically near the coast where sea salts (sodium chloride) are
prevalent, corrosion may occur at relative humidities as low as 40%.3

Generally, the amount of chloride in the air drops off rapidly as the dis-
tance from the coast increases. The effects of this drop in corrosion are
illustrated in Tables 2.1 and 2.2.4

Results from overseas sites showed clearly that in warm, dry, unpolluted
inland sites, such as Khartoum in the Sudan and Delhi in India, the corro-
sion rate was negligible compared with that occurring in industrial areas.
Probably the most interesting result arising from these tests was that for
the surf beach at Lagos, where the corrosion rate was over 0.6mm per year
– nearly five times that at Sheffield. Conditions where sea spray continu-
ously reaches the steel surface always lead to severe corrosion. The splash
zone on offshore structures is always a critical area for corrosion; see
Figure 2.4.
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Table 2.1 Effect of sea salts on the corrosion of steela

Distance from coast Salt content of airb Corrosion rate
(yards) (mm per year)

50 100 0.95
200 27 0.38
400 7 0.06

1300 2 0.04

a Based on tests carried out in Nigeria.
b Expressed as a percentage of content at 50 yards.
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The size, shape and orientation of the steel all influence the corrosion
rate to varying extents because they affect the local environment at the
steel surface. The orientation of the steel has most influence because it has
a marked effect on the ‘time-of-wetness’ of the surface. In the Northern
Hemisphere, north-facing steelwork remains moist for longer periods than
south-facing steelwork and so tends to corrode more. Again, on horizon-
tally exposed steelwork the upper surface may corrode less rapidly than
the groundward side because corrosive particles are washed off by rain
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Table 2.2 Corrosivity of environments

Class Annual metal loss Exterior

Very low–low <10–200g/m2 Rural areas, low pollution, dry

Medium 200–400g/m2 Urban and industrial atmospheres
Moderate SO2 pollution
Moderate coastal Cl�

High 400–650g/m2 Industrial and coastal

Very high 650–1500g/m2 Industry with high humidity and
industrial aggressive atmosphere

Very high 650–1500g/m2 Marine coastal, offshore,
marine high salinity

Figure 2.4 Corrosion in splash zone.
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and the sun dries the surface more quickly. Tests on specimens exposed at
an angle of 30° to the horizontal confirmed this;5 60% of the corrosion
occurred on the underside. Tests on steel plates of different thickness
showed a slightly greater corrosion rate on thicker plates, e.g. 95µm per
year on 55-mm plate compared with 75µm per year on 5-mm plate.

2.4.1 Steel composition

Minor variations in the compositions of commercial carbon steels gener-
ally have little effect on the corrosion rate, the one exception concerning
copper. Additions up to 0.2% provide a marked reduction in the corrosion
rate in air, but further additions have little or no subsequent effect. The
addition of copper has little or no effect on steels immersed in water or
buried in soils. Copper is used as one of the alloying elements in low-alloy
steels called ‘weathering steels’, which are sometimes used without coat-
ings for structures. This is discussed more fully in Chapter 12.

2.4.2 Rust

Rust is, of course, the corrosion product of the processes considered
above. Although it is generally considered to have the composition Fe2O3.
H2O, other minor constituents will also be present in the rust and will have
a marked effect on the course of corrosion and the performance of coat-
ings applied over the rust. Rust also causes problems because it has a
much greater volume than the steel (or iron) from which it is produced.
This can result in the buckling of thin steel sections or sheet if rusting
occurs at crevices or overlaps. Under paint films, rust formation can result
in blistering and cracking of the coating.

2.5 Corrosion in water

The basic corrosion reaction is the same for steel immersed in water as for
steel exposed to air. However, there are differences in the processes that
occur. In water the availability of oxygen is an important factor, whereas
in air corrosion does not occur in the absence of moisture. Hence, in water
corrosion is generally inappreciable in the absence of oxygen. Under
immersed conditions there are more factors to be taken into account than
with atmospheric corrosion. The environment itself is more complex and
the rust does not necessarily form on the steel surface because the prod-
ucts of the corrosion reaction, e.g. Fe and OH ions, may diffuse from the
steel itself and react in the solution.

In view of the complexity of the corrosion process in water, only a few
basic points will be considered. A short list of books is provided at the end
of the chapter for those wishing to study the matter in more detail.
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2.5.1 Composition of water

Water is presented chemically as H2O but, of course, there are many other
salts, solids and gases present in the various waters of practical concern.
Even fairly pure tap water has a complex composition. Water from rivers,
sea, estuaries and wells covers a range of compositions and properties.

The pH of water usually falls within a neutral range (pH 4.5–8.5), but
some types are acidic and these can be particularly corrosive to steel.
Generally, however, the main factors in determining the type and extent
of corrosion are the dissolved solids (which influence the conductivity,
hardness and pH of the water), dissolved gases (particularly oxygen and
carbon dioxide) and organic matter. The conductivity is important and the
presence of salts, such as sodium chloride (NaCl), tends to make seawater
more corrosive than fresh water.

Corrosion can be prevented by making water alkaline, but in some situ-
ations the alkalinity is such that only a partial passive film is formed and
this can result in pitting corrosion.

Hardness is a particularly important property of waters. This determines
their ability to deposit protective scales on the steel surface and is influ-
enced by the amount of carbon dioxide and the presence of salts such as
calcium carbonate and bicarbonate. The scale formed in what are termed
‘hard water’ reduces the rate of corrosion, and ‘soft waters’ can be treated
with lime to make them less corrosive. Although the formation of protec-
tive scales reduces corrosion of steel, it may have other less advantageous
effects. For example, it may reduce the efficiency of heat exchangers and
may eventually lead to the blockage of pipes.

In seawater the formation of protective calcareous scales has an import-
ant influence on corrosion. Their formation on the immersed parts of off-
shore platforms is one of the reasons why many such structures can be
cathodically protected without the requirement for applied coatings.

The presence of organic matter, particularly in seawater and estuarine
waters, can have both direct and indirect effects on corrosion. Living organ-
isms result in what is termed ‘fouling’, i.e. marine growths on steel or on the
protective coatings applied to steel. This fouling is a particular problem
when occurring on ships’ hulls because its effect is to increase drag and so
increase fuel consumption if speed is to be maintained. Special anti-fouling
coatings have to be applied to ships (see Section 15.3.4). A particular
problem may occur if certain bacteria are present, particularly in mud and
around harbours. These can cause bacterial corrosion (see Section 2.7).

2.5.2 Operating conditions

The corrosion of steel under static conditions in water may be quite differ-
ent from that experienced in practice. Many factors will influence the type
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and rate of corrosion, in particular the temperature and velocity of the
water. The velocity or rate of flow will be particularly affected by design
features such as sharp bends in pipes, and may lead to a number of special
types of corrosion, such as erosion–corrosion, impingement and cavitation.
These will not be considered here, but may particularly affect the opera-
tion of a process plant.

Apart from special effects of velocity, the rate of flow is always likely to
influence corrosion. It may be sufficient to remove protective coatings,
both scale-formed and applied, particularly if abrasive particles are
entrained in the water. It will also have an effect on the supply of oxygen,
which may directly influence corrosion. Although, in fresh waters, a high
flow rate may provide sufficient oxygen at the surface to cause passivity,
generally the corrosion rate increases with velocity. In one series of tests
the corrosion rate under static conditions was 0.125mm per year compared
with 0.83 mm per year at a velocity of 4.6m/s.

2.5.3 Steel composition

Generally, small variations in the composition have no influence on the
corrosion rates of steels immersed in water. Small amounts of copper,
which has an effect on corrosion under atmospheric conditions, do
not improve corrosion to any significant extent under most immersed
conditions.

2.5.4 Corrosion rates of steel in water

Although corrosion is generally reasonably uniform on steel immersed in
water, there is more tendency for it to pit because of the effects of design,
scale formation and variations in rates of flow. In particular, the presence
of millscale (see Chapter 3) may lead to serious pitting. This may arise
particularly in seawater but also in other waters, where the steel is virtu-
ally coated overall with millscale but with a few small areas of bare steel.
At such areas the galvanic effect of large areas of cathodic material
(millscale) in contact with small anodic areas (steel) can lead to severe
pitting. Many tests have been carried out on steel specimens immersed in
waters of different types in order to determine corrosion rates. Generally,
under fully immersed conditions in seawater, rates from 65µm per year to
100µm per year have been measured. The rates at half-tide immersion are
much higher than these. In fresh water, lower corrosion rates around
45µm per year have been obtained, although in river water rates similar to
the lower end of the range in seawater are not uncommon.
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2.6 Corrosion in soil

The corrosion process in soil is even more complex than that in water
although, again, the basic electrochemical process is the same and depends
on the presence of electrolyte solutions, i.e. moisture in the soil. Soils vary
in their corrosivity. Generally, high-resistance soils, i.e. those of low con-
ductivity, are the least corrosive. These include dry, sandy and rocky soils.
Low-resistance soils such as clays, alluvial soils and all saline soils are
more corrosive. The depth of the water table has an important influence
on corrosion and the rate will depend on whether steel is permanently
below or above it. Probably, alternate wet and dry conditions are the most
corrosive. In many soils the effect of the water table leads to variations in
corrosion with depth of burial of the steel.

Steel buried in soil tends to be in the form of pipes or piles. Both may be
in contact with different layers and types of soil, but pipelines in particular
will be influenced by variations in the soil over the long pipe distances.
The effect of differences in soil resistivity, water content and oxygen avail-
ability all lead to the formation of differences in potential over the
pipeline and the formation of electrolytic cells. Generally, this is not a
serious problem provided sound protective coatings in conjunction with
cathodic protection are used. Usually a soil survey is carried out before
determining the necessary protective measures. With piles the problem is
more acute because although protective coatings are used they are often
damaged during driving operations. In practice, however, this does not
appear to be particularly serious. A number of piles have been withdrawn
and examined; corrosion has been lower than might have been anticipated.

Stray current corrosion is a form of attack that can occur when a steel
structure or pipeline provides a better conducting path than the soil for
earth-return currents from electrical installations or from cathodic protec-
tive systems in the neighbourhood. If such currents remain unchecked then
there is accelerated corrosion of steel in the vicinity of the stray currents.

Some indications of the corrosion rates of steel in soils have been pub-
lished.6,7 The highest rates obtained were 68µm per year in American tests
and 50 µm per year in British tests. Pitting was 4–6 times greater than these
general rates.

2.7 Bacterial corrosion

Although the presence of oxygen and moisture or water is generally neces-
sary for corrosion, there is an important exception which is worth consid-
ering because it occurs in a number of situations under immersed and
buried conditions.

The nature and extent of the corrosion will be determined by the form
of microbiological activity. The form most commonly encountered is that
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arising from the presence of sulphate-reducing bacteria (Desulfovibrio
desulfuricans). They derive their name because they reduce inorganic
sulphates to sulphides and are able to cause corrosion under anaerobic
conditions, i.e. in the absence of oxygen. Generally, under immersed con-
ditions in water or burial in soil, oxygen is essential for corrosion.
However, in the presence of these bacteria, corrosion can occur without
oxygen because the process is different.

A number of investigations into the mechanism have been carried out
and the most likely explanation of the process is as follows:

anodic reaction

4Fe →4Fe2� �8e�

cathodic reaction

bacteria

8e� �4H2O�SO4
2� ——→S2� �8OH�

Combining these equations, the overall reaction is represented as follows:

4Fe �4H2O�SO4
2� →3Fe(OH)2 �FeS�2OH�

This represents the corrosion products obtained when bacterial corrosion
occurs and is a more likely reaction than the direct one, i.e.

Fe �H2S→FeS�H2

The exact mechanism is not of practical importance but the reaction pro-
ducts indicated above do provide a means of detecting the presence of
sulphate-reducing bacteria, which is usually associated with a distinct ‘sul-
phide’ smell and black corrosion products on the steel. Although sulphate-
reducing bacteria do not necessarily attack coatings, they are capable of
attacking coated steel if the protective film is porous or damaged.
Sulphate-reducing bacteria are found in clays, muds, silts and seawater.
Coating manufacturers should be consulted to ensure that specific coatings
are suitable for conditions where bacteria are present. Cathodic protection
can effectively prevent attack by sulphate-reducing bacteria. Other forms
of bacteria can attack coatings, but these are not of the types that corrode
steel.

2.8 Health and safety considerations

The loss of strength in a steel structure due to corrosion wastage may be
obvious, but it should be remembered that it is possible for severe corro-
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sion to be masked by some thick flexible coatings, particularly plastic coat-
ings with poor adhesion or thick layers of materials such as bitumen. Cor-
rosion occurring in a sealed space can use up all the available oxygen.
Precautions must be taken before entering these areas.
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