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FOREWORD 

 
The Australasian Corrosion Association has developed the Corrosion Technology 
technical publication series to provide an understanding of how and why corrosion 
happens, how it manifests itself and how the relevant methods of corrosion 
prevention and control operate. This series describes corrosion and its mitigation 
in general terms, applicable to a wide range of industries. The publication series is 
suitable for many working in a corrosion-related field and is an integral part of the 
certification scheme developed by the Association. 
  
The information in this publication series is largely taken from a number of text 
books and from the notes to other ACA courses and publications. 
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CORROSION TECHNOLOGY 

TYPES OF METALLIC CORROSION 

It is convenient to classify corrosion into various types according to the 
appearance or cause or both. This classification can then be used in determining 
the specific reason or reasons of a corrosion failure and in determining methods of 
minimising future failures. High temperature corrosion is a separate subject and 
not covered in these technical publications. Classification according to 
environment is covered in ACA 6: Corrosion Technology – Corrosion in Natural 
Environments. In this technical publication, the following types of metallic corrosion 
are described: 
 General corrosion or uniform attack (including dew point corrosion) 
 Galvanic corrosion 
 Crevice corrosion (including filiform corrosion) 
 Pitting corrosion 
 Intergranular corrosion (including exfoliation) 
 Selective corrosion or dealloying 
 Erosion corrosion  
 Cavitation corrosion 
 Fretting corrosion 
 Stress corrosion cracking 
 Hydrogen damage, including embrittlement, cracking and attack 
 Corrosion fatigue 
 Liquid metal embrittlement 
 Stray current corrosion or electrolysis 
The appendix at the end of this publication summarises the main features of these 
forms. 
 

1. GENERAL CORROSION 

General or uniform corrosion is the most common form of corrosion and, as its 
name suggests, it proceeds uniformly over the metal surface. Examples are steel 
rusting in air, steel immersed in sea water, steel immersed in dilute sulphuric acid, 
copper or zinc corrosion in the atmosphere, etc. It occurs because the anodes and 
cathodes continuously change position on a metal surface so the corroding metal 
can be regarded as one single electrode on which anodic and cathodic reactions 
occur simultaneously. If protective, corrosion products may progressively reduce 
the rate of corrosion.  
 
Metals that do not rely on a passive film will normally corrode uniformly in a given 
environment, although in mild environments, corrosion rates will be very low. Steel 
will corrode uniformly at about 0.1 mm per year in fresh or sea water, zinc at about 
one-tenth of this figure and other metals at an even lower rate. Atmospheric 
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corrosion of ferrous and non-ferrous metals is the most common form of corrosion 
and represents the greatest destruction of metals on a tonnage basis. However, 
uniform corrosion is not of great concern from an academic stand-point because 
this type of corrosion is normally readily observed and sudden failures should be 
rare. The life of equipment can be accurately estimated on the basis of 
comparatively simple tests, such as weight loss or electrical resistance tests. 
Other forms of corrosion are insidious in nature and their behaviour is much more 
difficult to predict. They are also localised and tend to cause unexpected or 
premature failures. 
 
Uniform corrosion can be controlled by the use of corrosion resistant alloys, 
surface coatings (metallic, inorganic and organic), cathodic protection and the use 
of inhibitors. 
 
Dew point corrosion or, more correctly, acid dewpoint corrosion (also low 
temperature corrosion or cold end corrosion) is a special type of general 
corrosion which occurs when hot gases, generally combustion products, are 
cooled so much that condensation starts to occur and corrosion processes 
commence. This requires the metal surface in contact with the gas to be at a 
temperature below the dew point of the gas. The dew point, the temperature at 
which an atmosphere can no longer contain its moisture so it condenses out, 
depends on the components of the atmosphere. The problem is common with 
waste flue gases produced by combustion of fossil fuels which contain several 
acid gases, such as sulphur trioxide and hydrochloric acid, along with water, and 
therefore such gases show several dew point temperatures at which the various 
species begin to condense. The problem is found in fossil fuel power stations, 
refineries and many other industries using hot combustion gases. It is also the 
common means of failure of automotive exhausts, although this is not true acid 
dew point corrosion. In flue gases, two dewpoint temperatures are usually 
identified: 
 The water dewpoint which is associated with the condensation of water from 

the flue gas and depends on the amount of water only. 
 The acid dewpoint which is associated with the condensation of sulphuric or, 

less commonly, hydrochloric acid solutions. This is determined by the amount of 
sulphuric acid (or sulphur trioxide) or hydrochloric acid and water in the flue gas. 
Thus, for example, brown coal with a low sulphur content and a high moisture 
content will have a different acid dewpoint from a black coal with higher sulphur 
but half the moisture. Small amounts of these contaminants can make 
significant differences to corrosion behaviour. Even as little as 5 ppm sulphur 
trioxide in flue gases can raise the dew point by as much as 40C causing 
condensation at a much higher temperature than would be expected in the 
absence of this gas. 

 
Figure 1 shows the effect of temperature on the corrosion rate of mild steel where 
it is exposed to a cooling flue-gas stream. As the temperature of the gas drops, 
corrosion commences at the acid dew point and increases as the quantity of liquid 
depositing increases. As the flue gas temperature is reduced further, the 
concentration of acid is reduced and the corrosion rate drops. Certain areas of the 
process stream fail while nearby areas remain intact. At lower temperatures, 
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gases such as sulphur dioxide dissolve in the water and the corrosion rate 
increases again.  
 
One of the most important methods to prevent this type of corrosion is to keep the 
temperature everywhere above the dew point. As well as lagging, good 
housekeeping, careful plant operation and comprehensive maintenance all assist 
in minimising the possibility of lowering back-end temperatures. However, lowering 
the back end temperature helps reduce fuel consumption so operational 
requirements are to keep this temperature as low as possible so other measures 
are used. Thermal insulation must be properly designed and maintained, 
inspection doors kept sealed, leaking expansion joints repaired, and so on. 
Neutralising additives such as calcium hydroxide/oxide can neutralise acids but 
their ability to reduce corrosion rates is not proven. More resistant materials than 
carbon steel may also help, but these have not always been successful as deposit 
formation can produce pitting. Coatings such as aluminium metal spray and glass-
flake polyesters have been used with some success, but there have been 
difficulties in surface preparation and application, adhesion under cycling 
temperatures and wear due to dust. As with many corrosion problems, 
modifications to design may also help to overcome such corrosion. 
 
 
 
 

Figure 1: Dew point corrosion rate variation with 
temperature. 

 
 
 
 
 
 

2. GALVANIC CORROSION 

Galvanic corrosion occurs when two or more dissimilar metals in electrical contact 
are placed in an electrolyte. This results from a potential difference between the 
metals which causes a flow of current between them. In ACA 3: Corrosion 
Technology – The Corrosion Process, the galvanic series was used to predict the 
galvanic corrosion tendency of various metals. The more noble metal becomes 
cathodic while corrosion takes place at the more active metal. Galvanic corrosion 
is sometimes more accurately known as bimetallic or dissimilar metal 
corrosion. 
 
The three essential components for galvanic corrosion are  
(1)  two materials possessing different surface potentials,  
(2)  a common electrolyte and  
(3)  a common electrical path.  
 
If the two metals are electrically isolated, they will not experience galvanic 
corrosion regardless of their proximity, relative potential or size. Galvanic corrosion 
is usually characterised by special attack on one metal, while the other metal is 
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relatively free from attack. The most important factors which contribute to galvanic 
corrosion include: 
 
(i) Potential Difference. Figure 2 gives a galvanic series of metals in flowing 

sea water, with potentials as measured against the saturated calomel cell. 
Most metals do not give a single potential due to experimental errors and 
composition variations but rather show a potential range of 100mV or so but 
copper-containing aluminium alloys are significantly more noble than other 
aluminium alloys. As mentioned above, the more active metal of the joined 
couple on the galvanic series will corrode. The further apart the two metals 
are on the series gives an indication of the probable magnitude of the 
corrosive effect. As potential is affected by environmental factors such as 
formation of surface films, a galvanic series has to be measured in each 
environment of interest. However, the most common galvanic series has 
been constructed from measurements in sea water which has been found 
to be broadly applicable to other environments such as natural waters and 
uncontaminated atmospheres. There are some differences in the 
atmosphere as, for example, copper and copper alloys tend to act slightly 
more noble than the position given in the sea water series. Temperature 
can also be important; for example, zinc and iron have been found to show 
‘cell reversal’ or swapping of their places in the series at elevated 
temperatures in some water systems. 

(ii)  
 

 

 

 

 

 

 

 

 

 

Figure 2: Galvanic Series of 
metals in flowing sea water 
(Potentials are versus the 

Saturated calomel reference 
cell)  
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(ii) Cathodic polarisation. As polarisation of the cathodic reaction is usually the 
rate limiting reaction in galvanic corrosion, it is necessary to have some 
knowledge of polarisation behaviour of the cathode before predicting galvanic 
behaviour. If the cathode has no oxide film, or any oxide film is easily 
reduced, reduction of dissolved oxygen occurs readily and metals such as 
platinum, gold, silver, copper, etc. will act as efficient cathodes. However, if 
reduction takes place on a stable oxide film, the reaction tends to be much 
more polarised, and metals such as titanium, chromium and stainless steel 
tend to act as inefficient cathodes. As a result, such metals can cause less 
galvanic corrosion than would be expected from their position in the galvanic 
series. This means that galvanic corrosion of an active metal such as steel, 
joined to stainless steel will be less than if it was in contact with copper, at 
whose surface oxygen reduction can readily take place. 

 
(iii) Area Effect. The rate of corrosion is directly proportional to the ratio of the 

area of the cathodic metal to the anodic metal. Consequently, a small 
anode/large cathode will cause severe corrosion of the anodic metal. The 
opposite area ratio – large anode and small cathode – produces only slightly 
accelerated galvanic effects. The area effect is important in selection of 
fasteners and Table 1 gives a guide to fastener selection ensuring galvanic 
compatibility. It should be recognised that many other factors, including 
environment, design, strength, aesthetics and cost are important in fastener 
selection. Moreover, use of plastic fasteners, organic-coated fasteners or 
insulating sleeves can avoid galvanic problems. 

 
Table 1: Fastener selection for avoiding galvanic corrosion. 

Structural material Fastener 
 Zn/ Cd 

coated 
steel (1) 

Alumin-
ium 

Carbon 
steel 

Copper 
/brass 
/bronze 

Monel 304/ 316 
stainless 
steel 

Galvanised steel  o o  o o 
Aluminium o  o (2)  (2) o (2)  (3) 
Carbon Steel   o   
Copper      ? 
Monel      ? 
304, 316 stainless steel     ?  (4) 

 : Compatible - recommended  o: Satisfactory : Not recommended 
 ?: More information required or variable behaviour. 
 (1) Amount of protection depends on coating thickness 
 (2) May lead to enlargement of hole in aluminium 
 (3) May lead to enlargement of hole in a severe marine environment. 
 (4) May suffer crevice corrosion. 
 
(iv) Electrolyte. As with other forms of corrosion, the severity of galvanic attack 

will depend on the corrosivity of the environment. In dry interior 
environments, galvanic corrosion is unlikely to be an issue, and even 
copper panels can be fastened with steel rivets without problems. As the 
environment becomes more aggressive, galvanic issues become more 
important. Environments can change with time and it is best to avoid 
couples which would cause galvanic corrosion. 
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Control of galvanic corrosion can be achieved through a number of different 
methods. Combinations of metals or alloys widely separated on the galvanic series 
should be avoided. Controlling the environment by, for example, addition of 
inhibitors or oxygen scavengers has been found to be effective. Barrier coatings, 
whether metallic, organic or vitreous, which can isolate the metals from the 
environment are effective but it must be stressed that it is extremely dangerous to 
coat only the anode of the couple. Electrical isolators to break electrical continuity, 
replaceable sections, or other design changes can also be considered. Cathodic 
protection can also be considered by using anodes of a more active metal than 
others in the assembly. 
 
Deposition corrosion is similar to galvanic corrosion in that it requires two 
dissimilar metals. Unlike galvanic corrosion, however, there is no electrical 
connection between the two metals. It occurs when a cathodic metal, such as 
copper or mercury, is plated out of solution onto an anodic metal surface such as 
aluminium or zinc. For example, soft water passing through copper pipes will 
dissolve some copper and accumulate copper ions. If the water is admitted to a 
galvanised or aluminium vessel, particles of metallic copper will plate out causing 
pitting by local cell action (see Figure 3). This is also the reason copper fasteners 
are not recommended for galvanised steel or aluminium in Table 1, despite the 
favourable area ratio for galvanic corrosion. This process is sometimes called 
cementation. The design of the structure should be such that zinc or aluminium is 
not downstream of water that may contain copper ions. Deposition corrosion can 
be avoided by preventing the pick-up of cathodic ions that will enter the equipment 
or by scavenging them by passing the contaminated product through a tower 
packed with turnings of a more anodic metal such as steel, on which the ions can 
deposit. 

 
 
 
 
Figure 3: Deposition corrosion on aluminium or galvanised steel 

from water containing copper ions. 

 
 
 

3. CREVICE CORROSION 

Intense localised corrosive attack often occurs within confined spaces or crevices 
formed by certain mechanical configurations, such as holes, gasket surfaces, lap 
joints, surface deposits and crevices under bolt and rivet heads. The crevice (no 
matter what the cause) must be wide enough to allow the liquid to enter, but 
sufficiently narrow to maintain a stagnant zone. Thus it usually occurs in very 
narrow openings, from less than a micron up to about 1 mm. Permeable corrosion 
products and fibrous gaskets, which have a wick action, will create almost ideal 
crevice corrosion conditions. The crevice former does not need to be a metal and 
usually the smaller the crevice, the more readily crevice corrosion is likely, due to 
capillary action. The corrosion occurring under solid deposits may be called 
deposit corrosion. 
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Water line attack is another case of localised corrosion similar to crevice 
corrosion which is corrosive attack just below the liquid level on metals immersed 
in water and arises due to differential aeration, as shown in Figure 4(a). The water 
surface in contact with the metal forms a cathodic region with easy oxygen access 
and the area just below this has lower oxygen content so forms an anode where 
attack takes place. Corrosion products are deposited between the two electrodes. 
Examples are steel poles driven into soil where attack is especially marked just 
below ground water level making their removal difficult. A steel pole driven into the 
sea bed is most strongly attacked just below the bed since the part of the pole in 
contact with the oxygenated sea water serves as a cathode.  
 
Poultice corrosion, as shown in Figure 4(b), is a special case of crevice 
corrosion which arises when an absorbent material such as paper, dirt, cloth, etc. 
is in contact with a metal surface that becomes periodically wetted. Examples of 
poultice corrosion are found in automobile mudguards and doors where mud and 
other material accumulates causing corrosion of the steel body and aircraft fuel 
tanks where mats of bacterial and fungal growth cause damage of the aluminium 
surfaces. An area of degraded paint can act as a poultice hastening the corrosion 
rate of the underlying metal. While the assembly is completely wet or completely 
dry, no action takes place. But during the drying period, wet and dry areas develop 
leading to localised attack due to differential aeration. Poultice corrosion is 
prevented by avoiding the contact of absorbent materials with the metal surface, 
designing to prevent such materials from becoming wet in service, good 
housekeeping to prevent dirt build-up or painting the surface in contact with the 
absorbent material. 

 
   (a)      (b)  

Figure 4: Simple crevice corrosion: (a) Water-line attack (b) poultice corrosion. 

 
However, more severe crevice corrosion arises in the easily passivating alloys 
such as stainless steels. It can occur with aluminium, but is usually less of a 
problem as the oxide on the two faces of the crevice tends to weld together. It may 
also occur in alloys not belonging to this class (e.g. mild steel) under conditions 
where the corrosive medium is highly oxidising or passivating. This form of crevice 
corrosion is not simply caused by differences in oxygen concentration (differential 
aeration) between the crevice and its surroundings, although this initiates the 
problem. However, it is the decrease in pH within the crevice that plays the major 
role in the propagation. 
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To illustrate the mechanism of crevice corrosion, consider a crevice within a 
stainless steel structure which is immersed in an aerated solution containing 
chloride ions (see Figure 5). Initially, differential aeration will cause the anodic 
corrosion reaction to occur mainly in the crevice and the cathodic reaction 
consuming oxygen to form hydroxyl ions just outside: 

 
 
 
 

Figure 5: Schematic 
representation of the reactions 
occurring in crevice corrosion 

(a) initial conditions, 
(b) immediately after contact 

with the electrolyte, (c) 
acidification within the crevice. 

 

 
 
 
 

Any oxygen within the crevice will slowly diffuse out, but corrosion products will 
build up preventing oxygen diffusing back. In the oxygen-free environment within 
the crevice, hydrolysis reactions (reactions involving break down of water) can 
occur: 
 
 3Fe2+ + 4H2O  Fe3O4 + 8H+ + 2e-      
 (Eq. 1.1) 
 
The formation of hydrogen ions will result in a lowering of the pH of the crevice 
solution, as low as a pH of 1, which is strongly acidic. The acidification of the 
crevice solution can lead to the crevice becoming active, while the outer surface is 
still passive. The accumulation of corrosion products in the crevice mouth will 
further restrict the diffusion of oxygen into the crevice. The corrosion products will 
also restrict any interchange between the acid solution within the crevice and the 
bulk solution, thus maintaining the acid conditions within the crevice.  
 
Crevice corrosion continues due to an active-passive cell between a small active 
and acid anodic area (the crevice) and a large passive cathode area (the outer 
surface). This leads to rapid corrosion within the crevice. Crevice corrosion is 
autocatalytic, that is the corrosion process produces conditions which allow 
continuous activity. 
 
Crevice corrosion is often a problem in stainless steels and nickel-based alloys in 
sea water and other chloride-containing solutions. Table 2 shows the crevice 
corrosion resistance of a number of alloys in sea water. Generally, the higher the 
chromium and molybdenum content, the better the resistance to crevice corrosion. 
This table shows relative resistance for this environment, and performance in other 
environments may be different. 
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Table 2: Resistance of some alloys to crevice corrosion in sea water.  

  Most Resistant 
Titanium 
Inconel 625 
Hastelloy C-276 
254SMO Stainless steel 
Ferralium 255 Stainless Steel 
Alloy 2205 Stainless steel 
904L Stainless steel 
Incoloy 825 
316 Stainless steel 
304 Stainless steel 
430 Stainless steel 

  Least Resistant 
 
As well as selecting the correct alloy, the best method of controlling crevice 
corrosion is to avoid crevices in the design and fabrication of the structure. Where 
gaskets are used, elastomeric gaskets are less likely to promote crevice corrosion 
than more rigid gaskets such as PTFE or gaskets containing fibres. Carbon or 
graphite fillers in normal levels are no more corrosive than other fillers. It is also 
important to avoid conditions that lead to the formation of deposits on a metal 
surface by removing solids in suspension and maintaining clean surfaces. 
 
Filiform Corrosion is a special form of crevice corrosion which consists of thread-
like filaments of corrosion products on the surface of a metal under a transparent 
coating. Filiform corrosion has been observed on steel, zinc, aluminium and 
magnesium surfaces covered with various types of lacquer and paint coatings. 
Although the mechanism of filiform corrosion is not fully understood, the 
mechanism appears to be a special form of crevice corrosion as described above. 
It initiates at a defect in the coat. Corrosion is restricted to the active head where 
hydrolysis reactions occur to maintain an acidic environment. The cathodic tail 
consists of oxygen, water and corrosion products (see Figure 6). The damage 
caused by filiform corrosion is very slight with the major objection to this type of 
attack being the adverse effect on the appearance of the metal, especially where 
the coating is transparent. Filiform corrosion occurs mainly in atmospheres 
between 65% and 95% relative humidity. The only way to prevent filiform corrosion 
is reduce the relative humidity to below 60 per cent but this is not always possible 
so inhibitive primers, smooth surfaces or thicker coats may be necessary.  

 

Figure 6: Schematic representation of filiform corrosion on steel. 
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4. PITTING CORROSION 

Pitting is one of the most destructive forms of corrosion as it can cause equipment 
failures due to perforation, while the loss of metal due to uniform corrosion is 
minimal. Generally pitting occurs on oxide-covered metal surfaces such as 
stainless steels or aluminium due to the localised breakdown of the oxide film by 
aggressive anions, especially chloride ions. Pitting can also occur on steel in 
boilers and other water systems, when the oxygen content increases such as from 
leaks, so that the protective magnetite film breaks down locally causing pits or 
depressions on the steel surface. This is called oxygen pitting. If allowed to 
continue, the pits increase in size and corrosion products may form around the pits 
in nodules in stagnant conditions, a process sometimes called tuberculation. 
Pitting can also occur on steels when some types of protective coatings break 
down, although this is more likely a form of crevice corrosion. Pitting in mild steels 
usually results in the formation of shallow pits, whereas stainless steel tends to 
form deep pits. 
 
The initiation stage of pitting corrosion of stainless steels or aluminium usually 
involves the chloride or other halide ions penetrating the oxide film usually where 
the film is weakest (such as at sulphide particles or other non-metallic inclusions) 
causing local destruction of the passive film. In stainless steels, the presence of 
the impurity can cause localised depletion in chromium allowing local corrosion 
around the impurity (see Figure 7). Once the pit has formed, corrosion products 
will usually form over the mouth of the pit restricting diffusion between the pit and 
the bulk solution. Hydrolysis reactions within the pit will lead to acidification of the 
solution within the pit as with crevice corrosion and pitting will propagate. The 
acidification of the pit solution can lead to the pit becoming active while the outer 
surface is still passive and the pit will continue to grow. Pitting corrosion is also 
autocatalytic like crevice corrosion. If corrosion products do not form a cover, then 
repassivation will occur and pitting will not continue.  
 
The best way to avoid pitting corrosion is to use metals that are known not to pit in 
the particular environment. For example, 316 stainless steel with molybdenum is 
more resistant to pitting than 304 stainless steel. Higher nickel alloys such as the 
Hastelloys, or titanium, are even more pitting-resistant. Pitting resistance is similar 
to crevice corrosion resistance and the order of metals in Table 2 gives 
approximate resistance to pitting in sea water. To counteract pitting in aluminium, 
the copper, iron and silicon content should be kept to a minimum and annealing at 
500°C should be avoided since these alloying elements produce noble 
precipitates. Pitting of steel pipes in water systems is avoided by closely 
monitoring oxygen content. 
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Figure 7: Pitting corrosion mechanism in a stainless steel. 

 
Other methods can also be considered. Since pitting is electrochemical in theory it 
can be stopped by cathodic protection, although getting current inside pits can be 
difficult and it is not normally recommended. Reducing the aggressiveness of the 
environment, for example by reducing chloride ion concentration, temperature, 
acidity, etc. or addition of inhibitors can also prevent pitting. Inhibitors must be 
used with care because if pitting is not completely stopped there may be an 
increase in pitting intensity. Sacrificial metal coatings, such as zinc on steel or 
Alclad aluminium, or protective coatings such as zinc-rich paints can also prevent 
penetration by pitting. In some cases, agitation of the environment to eliminate 
stagnant solutions will prevent pitting. 
 

5. INTERGRANULAR CORROSION 

In the grain boundaries of a metal (see ACA 13: Corrosion Technology – 
Introduction to Metallurgy), atoms are loosely packed unlike atoms in regular 
lattice positions and one would expect them to be more prone to attack than the 
bulk metal. In fact, in most situations, the difference in reactivity between the grain 
and the boundary is only slight resulting in uniform attack over the metal surface. 
However, under certain conditions, impurities or precipitates may segregate to the 
grain boundary resulting in localised attack at the grain boundaries known as 
intergranular corrosion.  
 
The most common example of this type of corrosion is the intergranular corrosion 
of the austenitic stainless steels. If these steels are held in the temperature range 
of 500 to 800°C, or cooled slowly through this range, fine precipitates of chromium 
carbide grow in the grain boundaries (a process known as sensitization). This 
depletes the chromium in the nearby regions below the 12 per cent level required 
for corrosion resistance (see Figure 8). As a result, these regions will no longer be 
passive and will corrode preferentially. Intergranular corrosion of austenitic 
stainless steels is often caused by welding, where the term weld decay is used. In 
such cases, the attack usually occurs in bands on each side of the weld and at a 
certain distance from it. 
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Intergranular corrosion of austenitic stainless steels is rare these days. It is 
unlikely to occur in thin sheet material because heating and cooling is rapid and 
there is insufficient time for sensitisation to occur. However, in thicker sections it is 
prevented by either: 
(i) Reducing the carbon level below 0.03% which removes the possibility of 

chromium carbide precipitation. These low carbon steels are designated "L" 
e.g. type 304L. There is little price difference between the L and standard 
grades and L grades are often used even in thin sections or when welding is 
not carried out. Note that the L grades do not have better resistance to other 
forms of corrosion.  

 
(ii) Use stabilised grades containing titanium (321 grade) or niobium (347 

grade) which have a stronger affinity for the carbon than the chromium, thus 
titanium and niobium carbides are precipitated rather than chromium carbide. 
Low carbon grades have substantially replaced stabilised grades except in 
high temperature service.  

 

 
Figure 8: Chromium-depleted grain boundary zones resulting in Weld decay (intergranular 

corrosion). 

 

If the stainless is already sensitised, it can be heated to 1000 to 1200°C to 
redissolve the chromium carbides then quenched in water. This process is 
expensive, only suited to small objects and quenching may cause distortion or 
undesirable residual stresses. It is best to avoid the problem in the first place.  
 
Stabilised austenitic stainless steels may become susceptible to a localised form 
of intergranular corrosion in severe environments such as nitric acid called knife-
line attack. During welding, the base metal adjacent to the fusion line is heated to 
temperatures high enough to dissolve the stabilising carbides but cooling is usually 
rapid enough, especially in thin sections, to prevent carbide precipitation. 
Subsequent welding passes reheat this area into the critical temperature range in 
which chromium carbides precipitate. Thus a narrow band adjacent to the fusion 
zone becomes susceptible to this particular form of intergranular corrosion. Knife-
line attack can be avoided by proper choice of welding variables and the use of a 
heat treatment to 1050°C after welding to dissolve the chromium carbide and re-
precipitate the stabilising carbides. 
 
A similar welding problem, although not true intergranular corrosion, is grooving 
corrosion which has been found in ERW (electric resistance welded) carbon steel 
pipes. The ERW process causes rapid fusion and cooling of the steel in the 
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welded region which results in melting and redepositing of sulphide inclusions 
along the weld line. This creates a local anode relative to the base metal which 
can rapidly corrode when exposed to aggressive waters. Grooving corrosion 
should not be a problem if the sulphur content is kept below 0.02 per cent as in 
modern steels or if the weld is subject to a post weld heat treatment. 
 
There are other, less common, forms of intergranular corrosion. High nickel alloys 
are attacked by sulphur and sulphur-bearing gases above about 315°C. Low 
melting sulphides form at the grain boundaries resulting in intergranular corrosion 
causing brittleness. Age hardenable, high strength aluminium alloys are also 
susceptible to intergranular corrosion, particularly in a chloride-containing 
environment. These alloys are the precipitation hardenable Al-Cu, Al-Cu-Mg and 
Al-Zn-Mg alloys and work hardenable Al-Mg alloys (with more than 3 per cent 
magnesium). Again, precipitates can form in grain boundaries resulting in a 
potential difference between the precipitates and adjacent grain. In some alloys 
such as Cu-Al alloys, the precipitates are more noble resulting in matrix corrosion 
while in others the precipitates are more active than the adjacent grain so they 
corrode preferentially. The degree of susceptibility depends on the heat treatment 
which governs the nature, size and number of intergranular precipitates. 
Intergranular corrosion has also been observed in nickel-chromium alloys, 
magnesium and copper-base alloys. 
 
Exfoliation or layer corrosion is a particular type of intergranular corrosion that 
occurs in high strength aluminium alloys, in particular Al-Cu alloys (duralumin-type 
alloys) and Al-Zn-Mg alloys. If these are forged, rolled or extruded, they will have 
an elongated grain structure with grains aligned in the direction of working. 
Exfoliation initiates typically where the ends of the elongated grains are exposed 
by machining or drilling and proceeds along the parallel grain boundary networks, 
as shown in Figure 9. The corrosion product, which has a greater volume than the 
aluminium consumed, causes the layers to be pushed out into a mass of thin, 
loosely-adherent flakes. This type of corrosion can be avoided by selection of an 
exfoliation resistant alloy or by slightly over-aging the alloy. 

 
Figure 9: Exfoliation corrosion of aluminium panel adjacent to a fastener. 
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6. SELECTIVE CORROSION 

Selective corrosion, leaching or dissolution (also known as dealloying or 
demetallification) is the removal of one element from a solid alloy by a corrosion 
process. The most common examples are the selective removal of zinc from brass 
alloys (dezincification) and the removal of iron from grey cast iron leaving 
graphite (graphitic corrosion). Other occurrences include the removal of 
aluminium from aluminium bronzes. Parting has been used to describe selective 
corrosion but this term is usually restricted to noble metal alloys such as gold-
copper or gold-silver where the less-noble metal is selectively removed to purify 
the gold.  
 
Dezincification of brass is readily apparent as the yellow brass colour is replaced 
by the reddish colour of copper. It may be uniform (layer type) or localised (plug 
type). With layer type dezincification, zinc is uniformly removed from the surface at 
a constant rate. In plug-type attack, a region or plug of brass is dezincified locally 
and a porous residue of copper is left. This form is more serious as failure can 
occur within months or even weeks. Dezincification results in loss of strength or 
complete perforation; however in some cases the overall shape of the alloy may 
not change. Dezincified brass pipe may retain sufficient strength to resist internal 
water pressures until an attempt is made to uncouple the pipe or water hammer 
occurs, causing the pipe to split open. In some soft waters, the loss of zinc can 
result in the blockage of a fitting with precipitated zinc salts, producing what is 
known as ‘meringue dezincification’. This is not a different type of attack. The most 
commonly accepted mechanism for dezincification involves the dissolution of the 
entire alloy with the zinc ions staying in solution while the copper ions plate out as 
metallic copper to form the porous copper mass. An alternative theory is that the 
zinc is selectively leached from the alloy leaving behind the copper. 
 
In general, the rate of dezincification increases as the zinc content increases. 
Brasses with less than 15 per cent zinc are immune while those with 30 per cent 
or more of zinc are highly susceptible. Dezincification occurs over a range of pH 
and is favoured by stagnant conditions, the presence of chlorides, high 
temperatures and deposits and scales. It mainly occurs with sea water, but can 
occur with fresh water where the chloride is high and the temporary hardness is 
low.  
 
Dezincification can be best prevented by avoiding exposure of the alloy to these 
environmental conditions. Certain alloying elements such as arsenic, antimony, 
phosphorus and tin in the range 0.02 to 0.06 per cent can help prevent 
dezincification, forming DR (dezincification resistant) brasses. Cupro-nickels (Cu-
10/30Ni) are resistant and should be used in severely corrosive environments 
where dezincification occurs.  
 
Graphitic corrosion (often incorrectly called graphitization) of grey cast iron is 
usually considered as a form of selective corrosion although it could also be 
classified as a form of galvanic corrosion. Grey cast iron consists of graphite flakes 
in an iron matrix. The graphite is cathodic to the iron so the matrix preferentially 
corrodes leaving a porous mass consisting of graphite, voids and rust. The surface 
appears to have suffered only superficial corrosion, with no indication of the depth 
of the porous network. This loss of strength of the cast iron, together with a lack of 
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dimensional changes, means serious situations may develop without detection. 
Under corrosive conditions, it is better to use steel or white cast iron which are free 
from graphite. 
 
Aluminium bronze (Cu-Al-Fe), nickel aluminium bronze (Cu-Al-Ni) and manganese 
bronze (Cu-Mn-Al-Fe) are all susceptible to selective corrosion of the aluminium in 
sea water (dealuminification). Selective leaching has also been observed in 
connection with removal of silicon from silicon bronzes (Cu-Si) in high temperature 
steam. 
 

7. EROSION CORROSION 

Erosion-corrosion, sometimes called flow assisted corrosion (FAC), is the attack 
caused by the combined effects of corrosion and wear which results from the 
relative movement between the corrosive environment and the metal surface. The 
corrosion rate can be greatly increased when conditions such as liquids moving at 
high velocities, solids in suspension (slurries), marked turbulence or impingement 
are present. Erosion-corrosion is sometimes called impingement, although this 
term should be reserved for severe damage from high velocity fluids or gases 
where flow is at right angles to the material, rather than parallel to the surface for 
true erosion-corrosion. Cavitation and fretting are sometimes categorised as forms 
of erosion corrosion, but are normally classed as a distinct forms of corrosion. 
 
Under turbulent flow conditions, the random high velocity motion of the corroding 
solution on the metal surface removes any protective oxide films. This leads to 
further oxide film formation and subsequent removal, and an acceleration of the 
corrosion rate. The damage caused may be uniform or localised and is often 
characterised by the metal surface having a horseshoe-shaped pits which are 
smooth and free from corrosion products. These depressions follow a pattern 
indicative of the relative movements of metal and solution. Erosion corrosion can 
also take the form of grooves, waves, gullies and rounded pits.  
 
Virtually anything that is exposed to a moving liquid can be susceptible to erosion 
corrosion. It is commonly observed in pipes where obstructions or sharp bends 
cause turbulence (see Figure 10). Other examples of equipment which can fail due 
to impingement are agitators, copper pipes, centrifuges, elbows, heat exchangers 
and condensers, impellers, pumps, propellers and turbine blades and casings. 
Even straight sections of pipe which may contain weld beads protruding in the pipe 
bore can be subject to erosion-corrosion. At the inlet ends of tubing in condensers 
and other shell and tube heat exchangers, erosion-corrosion often causes attack 
over the first few centimetres of the tube. Non-turbulent flow develops after the 
liquid has progressed down the tube a relatively short distance and the problem 
disappears. 
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Figure 10: Erosion-corrosion damage within a pipe.  

 
The extent of damage by erosion corrosion is influenced by a number of factors, 
including: 
 
(i) Nature of the metal and surface film: A hard, dense adherent film such as 

that on stainless steels, nickel alloys, aluminium bronze, etc. provides better 
protection than one which is easily removed such as that on steel or bronze. 
A soft metal such as copper is highly susceptible because it is more subject 
to wear. 

 
(ii) Nature of the environment: Increasing velocity and corrosivity of the 

environment exacerbates impingement. 
 
(iii) Suspended solids increase erosive effect. 
 
Table 3 gives some suggested velocity limits for condenser tube alloys in sea 
water. Some metals such as stainless steels have a minimum limit to avoid the 
possibility of deposition of contaminants which may cause deposit corrosion. 
 

Table 3: Suggested velocity limits for condenser tube metals in sea water. 

 Metal Design velocity limits 
  (metres per second) 
 Titanium No limits 
 Hastelloy C-276 No limits 
 Inconel 625 No limits 
 Stainless steel 316 >1.5 
 Monel 400 >1.5 
 Copper-nickel (70/30) 0 – 3.7 
 Copper-nickel (90/10) 0 – 3.0 
 Aluminium Brass 0 – 2.4 
 Admiralty Brass 0 – 1.5 
 Silicon Bronze 0 – 0.9 
 Copper 0 – 0.9 
   

 
Erosion-corrosion can be controlled by a number of methods: 
 Designing to avoid turbulence by increasing pipe diameter, using large radius 

bends and eliminating abrupt changes in section is probably the best method. 
Reducing solution velocity to reduce turbulence is rarely possible in practice. 

 Choose a material which is resistant to this kind of attack. As well as best 
performing metals shown in Table 3, polyester fibreglass composites can 
provide good service.  
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 The problem in condenser tubing can be prevented by inserting short lengths of 
flared tubing (ferrules) in the inlet ends. The ends must be ‘feathered’ to blend 
the flow or erosion-corrosion will occur just beyond the end of the ferrule 
because of the step.  

 Flexible coatings such as elastomeric polyurethanes or hard ceramic linings 
have good resistance to abrasive slurries and have been successfully used in 
valves and pumps.  

 A ferrous sulphate addition to the water forms a ferric oxide coating which will 
enable copper alloy tubing to tolerate higher flow rates. Iron anodes will 
maintain the film.  

 

8. CAVITATION CORROSION  

Cavitation corrosion (or erosion or damage) is a special form of erosion-corrosion 
which is caused by formation and collapse of vapour bubbles in a liquid near a 
metal surface. It occurs in ships’ propellers, pump impellers, cylinder liners and 
steam turbine blades producing savage fissures and pits. It produces a distinct 
appearance with a heavily pitted and roughened surface with a spongy 
appearance. By comparison, true erosion corrosion results in smooth, shallows 
pits.  
 
Cavitation is the actual formation of the damaging bubbles. It occurs in those parts 
of the item, such as the face of a propeller blade, where the liquid flow produces 
localised low pressures. Figure 11 is a schematic diagram of the mechanism of 
cavitation, showing how collapsing bubbles can destroy the metal surface. Vapour 
bubbles can form in a low-pressure area, such as where the metal moves relative 
to the liquid [Figure 11(a)]. These are essentially negative pressure bubbles. The 
bubbles collapse causing the pressure to increase rapidly [Figure 11(b)]. The 
collapsing bubble forms a liquid microjet or wave, which impinges on the surface 
[Figure 11(c)]. This results in a strong hammering of the metal surface, which will 
fracture and remove any the surface oxide film and cause corrosion pits to form 
[Figure 11(d)]. These pits formed by cavitation eventually link up and cause a 
general roughening of the surface. The mechanism is largely mechanical, but the 
pitted surface is very reactive and readily corrodes. 
 

 

(a)              (b)  (c)  (d) 
Figure 11: Cavitation mechanism: (a) bubble nucleates near metal surface, (b) void collapses; (c) 

collapsing void creates microjet which (d) cause surface pitting. 
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Cavitation damage can be prevented by the same means as for erosion corrosion 
– design factors and resistant alloys. Smooth finishes which do not provide sites 
for bubble nucleation have been used successfully to reduce cavitation effects on 
propellers and impellers. The choice of the alloy is very important. An alloy with 
high toughness, ability to work harden and a good protective oxide coating such as 
stainless steels, titanium and aluminium bronzes have good resistance to 
cavitation whereas cast irons, most steels and brass have poor resistance. 
Aluminium bronzes are frequently used for ship’s propellers. Table 4 lists a 
number of engineering materials based on their resistance to cavitation damage. 
The addition of inhibitors and use of cathodic protection may be of some additional 
value, particularly if corrosion is an important part of the process. Rubber or plastic 
coatings have proved beneficial but it is important to avoid bonding failures 
between the metal-coating interface. 
 

Table 4: Ratings of materials for cavitation resistance. 

  Most Resistant 
Stellites (cobalt alloys) 
18-8 stainless steel (welding rod) 
Bronze welding rod (Cu-10Al-11.5Fe) 
18-8 stainless steel (cast) 
Ni-Al Bronze (cast) 
13% Cr cast steel 
Manganese bronze (cast) 
18-8 stainless steel (spray metallizing) 
Cast steel 
Bronze 
Rubber 
Cast iron 
Aluminium 
  Least Resistant 

 

9. FRETTING CORROSION 

Fretting corrosion (sometimes known fretting or fretting wear) is another form of 
corrosion where wear plays an important role, usually with very small relative 
displacement of the order of millimetres or less. Initially when metals make 
contact, the high parts of the surface weld together and, with any motion, these 
welds break off and rapid oxidation of the freshly broken surface occurs. Further 
motion causes more abrasion, welding and oxidation. The result is rapid 
deterioration of the mating surfaces and the accumulation of debris, including 
metal particles and oxides. The fretted surface has a pitted and grooved 
appearance, discoloured by corrosion products. Fretting is usually diagnosed by 
the distinctive appearance of the corrosion product. On ferrous materials, the 
debris is much redder than normal rust and sometimes called ‘cocoa’. On 
aluminium, the debris is black as distinct from the usual white corrosion products. 
When serious, fretting is often associated with fatigue cracking. Most materials are 
susceptible to fretting and this type of corrosion occurs in vibrating machinery 
particularly in the vicinity of shrink fits, press fits, bolted or riveted assemblies and 
other components clamped together and not intended to undergo relative 
movement. It also occurs in surfaces intended to act as bearings, such as tracks of 
roller and ball bearings.  
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Design and consideration of mechanical variables – removing the source of 
vibration, locking or tightening a moving joint – are probably the simplest and most 
economical means of avoiding fretting problems. The use of lubricants may help if 
the load is not too high. Gaskets such as PTFE with a low co-efficient of friction or 
elastomeric materials which absorb motion can be considered.  
 

10. STRESS CORROSION CRACKING 

Stress corrosion cracking (SCC) refers to cracking caused by the simultaneous 
presence of tensile stress and a specific metal and specific corrosive medium. 
Only certain combinations of alloys and chemical environment lead to SCC as 
shown in Table 5. However, many of these are common, such as aluminium alloys 
and sea water, copper alloys and ammonia, mild steel and caustic compounds and 
austenitic stainless steels and chloride-containing compounds. Such tables should 
be treated with caution as service conditions can differ markedly from those in 
which susceptibility listed in the table was determined. Moreover, new alloy/ 
environment combinations are being found all the time. 
 
Table 5: Partial listing of environments causing stress corrosion cracking for some common metals 

(Those most commonly causing in-service failures are indicated by bold type). 

Alloy Environments Type of cracking 

Carbon steel Hydroxyl (caustic) solutions, nitrate 
solutions, carbonate/bicarbonate 
solutions, cyanide solutions, anhydrous 
ammonia, ethanol 

Intergranular 

Austenitic stainless steels Aqueous chloride solutions, other 
halides, caustic solutions, polythionic acids 

Transgranular 

Aluminium alloys(esp 
2000, 5000, 7000 alloys) 

Aqueous chloride solutions Intergranular 

Copper alloys(esp higher 
zinc brasses) 

Moist ammonia atmospheres, nitrite, 
amines, steam 

Intergranular 

 
The corrodent may only need to be present in parts per million concentration. The 
stress must be tensile, although residual stresses are often sufficient. There is 
usually a threshold temperature that must be exceeded so, for example, stress 
corrosion cracking of austenitic stainless steels in chlorides is rarely observed 
below 50C. However, there is a complex interaction between stress, 
concentration of corrodent, temperature and other variables and predicting SCC 
can be difficult.  
 
The most common and important occurrence is cracking of austenitic stainless by 
aqueous chlorides. Usually the temperature must be above 60°C (and less than 
200°C), and it must be exposed to an aqueous environment containing air, oxygen 
or some other oxidising agent. The chloride level can be very low, as the hot 
conditions often tend to concentrate the ions. Only a very low tensile stress is 
required, with residual stresses being sufficient.  
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Stress corrosion cracks give the appearance of brittle, mechanical failure while, in 
fact, they are the result of local corrosion. Both intergranular and transgranular are 
observed (see Figure 12) and cracking generally proceeds normal to the applied 
stress. Cracks also vary in their degree of branching. In some cases they are 
virtually without branching, in others they exhibit multi-branched ‘river delta’ 
patterns. The presence of branched cracking is probably the most common means 
of identifying stress corrosion cracking. 
 

 

a)    (b) 

Figure 12: Modes of stress corrosion cracking - (a) Intergranular and (b) Transgranular. 

 
Because of the complex interplay between the metal, the interface and the 
environment, it is difficult to propose a general mechanism for SCC. It is observed 
in alloy-environment combinations that result in the formation of a film on the metal 
surface, and one possible mechanism is shown in Figure 13.  

 
Figure 13: Possible mechanism for stress corrosion cracking initiation. (a) Pitting of passive film, (b) 

Crack initiation, (c) Repassivation and crack propagation. 

 
The first stage in cracking is the localised break down of the passive film by a 
specific agent (e.g. chloride ions for stainless steels). Then the joint action of the 
tensile stress and metal dissolution causes a stress concentration which causes 
cracks to initiate and propagate along grain boundaries (intergranular cracking) or 
along slip planes (transgranular cracking). Repassivation of the surface 
concentrates the stress and minimises surface corrosion. During SCC, the metal 
surface shows virtually no sign of corrosion while cracks propagate leading to 
ultimate fracture of the component. Hydrogen embrittlement may also be caused 
in some systems. 
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Stress corrosion cracking may be reduced or prevented by application of one or 
more of the following methods. Changing the alloy to a more resistant species in 
the given environment is probably the most common solution. Lowering the stress 
below the threshold value (if one exists) by annealing, thickening the section or 
reducing the load can also be considered. Altering the environment (e.g. by using 
a corrosion inhibitor) is an alternative. In theory, cathodic protection will reduce the 
corrosion and SCC but is not used in practice because of the risk of hydrogen 
embrittlement. 
 

11. HYDROGEN DAMAGE 

Hydrogen in very small amounts can cause problems in a number of metals. While 
corrosion reactions can be the source of hydrogen, and chemical reactions can 
occur, the problems are not classical ‘anode-cathode’ corrosion. Hydrogen 
embrittlement occurs with very low concentrations (approximately 1 ppm) and 
can result in normally strong and tough metals becoming weak and brittle. With 
slightly higher amounts of hydrogen, hydrogen cracking (also known as 
hydrogen induced cracking (HIC), flaking, hairline cracking or shatter 
cracking) causes actual cracks to form in a metal. Related to this, blistering 
results in large blisters forming on vessels, pipes or other products made from 
rolled steel. Hydrogen-induced stepwise cracking occurs when hydrogen is 
released at the interface between the metal and sulphide inclusions, resulting in 
cracks or blisters parallel to the rolling direction. Final fracture is caused by cracks 
at right angles joining the parallel cracks. In sulphide environments, commonly 
encountered in the oil industry, sulphide ions prevent the formation of hydrogen 
gas so enhance atomic hydrogen penetration into steel resulting in a form of 
hydrogen cracking known as sulphide stress cracking (SSC). The probability of 
all such forms of hydrogen damage usually increases with increasing strength and 
steel grade, although blistering and stepwise cracking can occur in almost any 
steels. Unlike SCC, it is more likely at lower temperatures. Figure 14 shows the 
range of hydrogen problems which can occur in steel at ambient temperatures. 
Hydrogen attack is less common and occurs when hydrogen reacts with carbon 
in the steel, under conditions of high temperatures and pressures, to form 
methane resulting in internal cracks and fissures.  

 

Figure 14: Hydrogen embrittlement, cracking, blistering and SSC processes. 
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Such problems may occur in high strength metals but the problem is most 
common in steels. The hydrogen can be introduced from the presence of moisture 
during smelting which is entrapped during solidification, or it may be introduced 
during heat treatment, welding, acid pickling, electroplating, cathodic protection or 
the process stream. Hydrogen produced at the cathode in corrosion reactions has 
been known to cause hydrogen damage. 
 
Hydrogen cracking or blistering occur when hydrogen atoms diffuse into steel and 
combine to form molecular hydrogen at a void or non-metallic inclusion. Since 
molecular hydrogen cannot diffuse, the concentration and pressure will build up 
until it is sufficient to rupture the material. Hydrogen cracking is normally parallel to 
the rolling direction. Sulphide stress cracking was originally thought to be a form of 
stress corrosion cracking, thus its name, but is now known to be caused by 
hydrogen. Carbon and low alloy steels are susceptible in wet hydrogen sulphide 
environments, where the H2S serves to introduce hydrogen into the metal. Unlike 
other forms of hydrogen cracking, a tensile stress (applied, residual or both) is 
required for sulphide stress cracking, and cracking will proceed perpendicular to 
the tensile stress direction. It often initiates at or near the surface, again unlike 
other forms of hydrogen damage. It usually occurs in higher strength steels, but 
has been observed in lower strength steels with an applied stress. 
 
Hydrogen damage is best avoided by preventing hydrogen from entering the steel 
in the first place. Dry conditions during welding and use of low-hydrogen welding 
rods are important. Control of conditions during pickling, electrodeposition and 
cathodic protection can help prevent hydrogen pickup. If the hydrogen is still in 
atomic form in the metal lattice, it can be removed by baking at a relatively low 
temperature (130 to 200°C). Using ‘clean’ steels with a low content of non-metallic 
inclusions will increase resistance to cracking and blistering because of the 
absence of voids. If hydrogen cannot be avoided, then the use of nickel-base 
alloys should be considered as these have a far lower susceptibility to hydrogen 
problems than high strength steels. Sulphide stress cracking susceptibility 
depends on the strength of the material and most steels are resistant if the 
hardness is kept below Rockwell C 22. NACE Standard MR0175 documents 
materials that can be used under different levels of H2S. Unlike most forms of 
corrosion, resistance to sulphide stress cracking and other forms of hydrogen 
damage (except attack) increases as temperature is raised above room 
temperature as hydrogen can more easily diffuse from steel.  
 

12. CORROSION FATIGUE 

To understand corrosion fatigue, a brief description of ordinary fatigue is 
necessary. Fatigue is the cracking failure of a metal under cyclic stresses below its 
maximum static strength. A material cannot withstand as high stresses under long 
periods of cyclic loading as it can under static loading. Fatigue is one of the most 
common forms of failure of components such as crankshafts under repeated and 
reversed stresses.  
 
The stresses which a sample can endure for a given number of cycles are 
determined by fatigue tests. Specimens are cycled with a given load and the 
number of cycles they can endure is recorded. Data are plotted as stress versus 
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the log of the number of cycles to failure; these are known as S-N curves. Steels 
usually show a fatigue or endurance limit when tested in air, i.e. there is a load 
below which the material will not fail in a fatigue manner regardless of the number 
of cycles [see Figure 15(a)]. Non-ferrous metals do not usually show a fatigue limit 
[see Figure 15(b)], although for practical purposes a large number of cycles, such 
as 108 cycles, is considered as the endurance limit. 

 

Figure 15: Stress vs. number of cycles for (a) steels, (b) non-ferrous metals under non-corrosive 
conditions and (c) steels under corrosion fatigue conditions. 

 

Corrosion fatigue results when chemical attack is added to the cyclic stress. In a 
corrosive environment, chemical attack greatly accelerates the rate at which 
fatigue cracks propagate. This results in a large reduction in fatigue strength after 
even quite short exposures to a corrosive atmosphere [see Figure 15(c)]. 
Furthermore, with a ferrous material, the fatigue limit is no longer observed.  
 
Some corrosion fatigue data for metals in sea water are given in Figure 16, along 
with fatigue data for similar specimens tested in air. These give a fair comparison 
of relative fatigue properties in this environment, even though they are based on 
laboratory tests which are unlikely to show crack-initiating effects of localised 
corrosion. The important conclusion from the data is that corrosion fatigue 
properties depend on corrosion resistance under test conditions, rather than 
mechanical properties. The steel alloys all show negligible corrosion fatigue 
resistance, even though normal fatigue resistance increases with strength. The 
stainless steels, and more so the high nickel alloys, show improved corrosion 
resistance and much greater corrosion fatigue resistance. Copper, copper-nickel 
and titanium alloys do not show any effect of the marine environment and their 
corrosion fatigue resistance is the same as resistance to fatigue in air. 
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Figure 16: Corrosion fatigue strength in sea water and fatigue strength in air of different metals. 

 
Fatigue failure usually commences at the surface of the structure as a small crack 
which grows slowly into the material. The crack front advances with each cycle 
and is marked on the final fracture surface as a small undulation or ripple line. 
These have a characteristic form of roughly circular, concentric arcs, giving what is 
often called a ‘clamshell appearance’ or ‘beach marks’. These grow until the cross 
section can no longer sustain the load and the structure fractures. Corrosion 
fatigue fracture surfaces exhibit general characteristics similar to those of ‘normal’ 
fatigue fractures (see Figure 17). However, many more cracks are formed on 
slightly different planes, whereas there is rarely evidence of more than one crack 
in fatigue in air. They are transgranular and may show some branching, like stress 
corrosion cracking. The fracture surfaces are frequently discoloured or damaged 
by corrosion products, but the presence of corrosion products does not necessarily 
indicate corrosion fatigue as superficial rusting often occurs during ordinary 
fatigue. Unlike SCC, the fracture surface is rippled. Corrosion fatigue seems to be 
most prevalent in media which produce pitting attack, and it is the corrosion pits 
which act as stress raisers and initiate cracks. However, pitting is not essential for 
corrosion fatigue and some metals, such as carbon steels, do not show surface 
pitting although pitting forms on the crack surfaces once the cracks have formed. 

 
Figure 17: Appearance of corrosion fatigue fracture surfaces. 

 



ACA 5 – Corrosion Technology – Types of Metallic Corrosion www.corrosion.com.au    25 
© The Australasian Corrosion Association Inc 2013 

Corrosion fatigue can be prevented by a number of methods. In general, the 
choice of a material for this type of service should be based on its corrosion-
resistant properties rather than its fatigue-resistant properties. Reducing the 
effects of the corrosive atmosphere, such as by using corrosion inhibitors or 
metallic or organic coatings, will also lengthen the service life as long as they do 
not produce tensile stresses in the surface or introduce hydrogen. It may be 
reduced by lowering the stress on the component by altering the design, shot 
peening the surface or stress relieving.  
 

13. LIQUID METAL EMBRITTLEMENT 

Liquid metal embrittlement (LME) of alloys is another form of environmentally 
induced cracking which may occur while a metal is in contact with liquid metals 
and in the presence of a tensile stress. There have been few service failures due 
to this cause, although an explosion at Moomba gas plant in 2004 was due to the 
failure of an aluminium heat exchanger by elemental mercury from LNG. LME 
arises when a normally ductile material stressed in tension becomes coated with a 
thin film of liquid metal causing brittle failure well below the yield stress of the 
metal. Embrittlement is not a corrosion process involving dissolution, but rather 
penetration of the liquid metal into the grain boundaries of the affected metal 
weakening the metal leading to cracking and fracture, similar to hydrogen 
embrittlement and cracking. Analogous to stress corrosion cracking, only specific 
combinations of liquid metals and stressed solid metal result in such failures. 
Mercury, for example, will embrittle aluminium and copper alloys, but not ordinary 
strength steel nor stainless steel under normal circumstances, so large-scale 
mercury boilers are made of steel. As well as metals which are normally liquid, 
LME can arise with low melting point metals such as lead and zinc, both of which 
can embrittle aluminium. Austenitic stainless steels are embrittled by zinc when 
above 750C. Embrittlement may be produced by the heat treatment or by cutting 
or welding of austenitic steels in the presence of zinc or zinc-based paints. Also, 
there is a risk of cracking where there is a fire and hot molten zinc can come into 
intimate contact with stressed, hot austenitic steel. Where austenitic stainless 
steels are subject to high temperatures, all steps should be taken to avoid contact 
with zinc. 
 

14. STRAY CURRENT CORROSION 

Stray current corrosion, commonly referred to as electrolysis (incorrectly) or 
electrolytic corrosion, occurs when the corrosion reactions are driven by an 
external direct current source. This outside current source forces current through 
the cell and corrosion occurs at the anode where the conventional current leaves 
the metal. Because it is externally induced, it is basically independent of 
environmental factors such as oxygen concentration or pH. 
 
Stray current corrosion can be severely damaging. A common source is direct-
current driven trains or trams which cause damage to pipelines if the rails, the 
system’s intended current return path, are not completely insulated from the soil. If 
an underground pipe or other metallic equipment picks up a portion of this current, 
it will corrode at the point where the (conventional) current leaves to rejoin the 
original circuit (see Figure 18). Alternating current is generally not a cause of 
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corrosion but in rare cases a small portion of the AC may become rectified to 
direct current which then causes corrosion. 

 

Figure 18: Stray current due to an electric railway. 

 
In marine situations, stray current corrosion occurs when a metal hull or 
underwater metallic fittings are used as electrical earths. The use of DC welding 
equipment without proper earthing can also lead to electrolysis problems. The 
current finds an easier return from the hull, through the water and back to the 
earth. In serious cases, hulls have perforated and ships sunk at the quayside. 
 
Prevention of stray current corrosion requires isolation of the structure from DC 
power sources by ensuring all electrical circuits, including the earth, are fully 
insulated. Where the problem is due to unavoidable stray currents, such as 
pipelines affected by electrified tramways or railways, a drainage bond is placed 
between the structure and the stray current source. In this way, current is passed 
back its source electronically and there is no electrolytic current discharge from the 
pipe, hence no corrosion. Insulating couplings installed along a pipeline can 
minimise stray current damage but caution is required because current can flow 
around the insulators and cause corrosion damage at multiple sources if the 
voltage is large. Stray current corrosion is discussed further in ACA 10: Corrosion 
Technology – Cathodic and Anodic Protection. 
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15. APPENDIX: SUMMARY OF MAIN FORMS OF CORROSION 

Form of 
corrosion 

Characteristics Typical example Typical unlikely 
situation 

Typical 
preventative 
measures 

Uniform Uniform metal 
removal 

Steel, zinc in 
atmosphere, fresh 
or sea water 

Stainless steels 
and most non-
ferrous metals in 
atmosphere 

Alloy selection, 
coatings, 
inhibitors, cathodic 
protection 

Galvanic Preferential 
corrosion on one 
metal in a couple 

Metals far apart on 
galvanic series 

Metals close 
together on 
galvanic series 

Avoid coupling 
dissimilar metals, 
insulation 

Crevice  Localised attack in 
crevice 

Stainless steels in 
marine 
environments 

Wide crevice, high 
Mo stainless steel 

Alloy selection, 
design to avoid 
crevices 

Pitting Localised pitting 
attack 

Aluminium, 
stainless steels in 
marine 
environments 

High Mo alloy in 
sea water, steel in 
atmosphere 

Alloy selection 

Intergranular Corrosion along 
grain boundaries 

Sensitised 
stainless steels  

Most other alloys Alloy selection 

Selective 
corrosion 

Preferential 
dissolution of one 
metal from alloy 

High zinc brass, 
cast iron 

Most other alloys Alloy selection, 
environmental 
modification 

Erosion 
corrosion 

Attack from 
turbulent flow of 
liquids 

Most soft metals 
under flowing 
conditions 

Hard metals, 
metals with slow 
flowing fluids 

Design for 
streamlined flow, 
alloy selection 

Cavitation 
corrosion 

Fissures and pits 
caused by 
vibrating metal in 
fluid 

Cast vibrating 
metals in fluids 

Wrought metals Design, smooth 
finish, alloy 
selection 

Fretting Erosion of slightly 
moving surfaces 

Vibrating surfaces Lubricated 
surfaces 

Lubrication, 
decrease load 

Stress 
corrosion 
cracking 

Cracking of 
stressed ductile 
metal in specific 
environment 

Austenitic 
stainless steel in 
chloride, copper 
alloys in ammonia 

Stainless steel in 
ammonia, copper 
alloys in chloride 

Alloy selection, 
reduce stress, 
reduce 
temperature 

Hydrogen 
cracking 

Cracking in 
hydrogen 
environment 

High strength steel 
in hydrogen 
environment 

Most non-ferrous 
metals 

Reduce hydrogen, 
use low strength 
steel, bake 
hydrogen out 

Corrosion 
fatigue 

Cracking of metal 
under cyclic 
stresses 

Any metal under 
cyclic stresses in 
corrosive 
environment 

Resistant metal for 
the environment 

Alloy selection, 
reduce stress 

Stray current 
corrosion 

Corrosion due to 
electrical current  

Any metal where 
high current 
passes to an 
electrolyte 

No direct current 
flowing 

Prevent direct 
current flow from 
metal, bonding 
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FURTHER INFORMATION 

Corrosion is an enormous subject, and this series of technical publications can 
only touch on some topics. Rather than give specific books or other references 
that may be difficult or expensive to obtain, this section gives general guidance of 
where to look for further information.  

WEBSITES 

a) Google Search 
The Internet has rapidly become perhaps the most important source of all sorts of 
information, good and bad. You can search on-line whenever you are looking for 
products, trying to find answers to questions, trying to contact some expert, or 
many other types of research. You simply type in your keywords into your favourite 
search engine, probably Google and with any luck, are provided with a list of web 
sites or other items that may be of interest. This is so simple, cheap and quick that 
even if you think it highly unlikely you will find the information you require, it is 
worth doing for the smallest job. Even if the actual items found directly are of little 
worth, they may have links to others that are valuable.  
 
There is a mine of information out there on the web, and the amount is increasing 
rapidly. As with any other source of information, it needs careful management. 
Much is informative and honest, but distortions, half-truths and the straight-up 
misinformation will sneak in. Keep alert when using the web so that you can 
recognise the reliable information.  
 

b) Some Websites 
It is not the intention of this section to provide a full list of websites. They come 
and go all the time. Furthermore, the better ones will have their own list of links to 
other sites, so you don’t even have to type them in. Following are some starting 
points: 
 www.corrosion.com.au: The Australasian Corrosion Association web site which 

includes full details on ACA technical activities, seminars, conferences, other activities 
and publications. 

 www.corrosion-doctors.org: Lots of educational information, including modules on 
corrosion science and engineering. 

 www.corrosionsource.com: Lots of news, information and links on all aspects of 
corrosion and its control. 

 www.nace.org: The US association of corrosion engineers. Organise conferences, 
produce standards, publish books, etc.  

 www.sspc.org: The US organisation involved in protective coatings. Organise 
conferences, produce standards, publish books, produce Journal “JPCL”, etc. 

 www.nickelinstitute.org: The Nickel Institute (formerly NiDI) – produce large number of 
free papers on all aspects of stainless steels and other nickel alloys. 
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BOOKS 

Books are still the most important source of background or basic knowledge, 
although even this area is being taken over by the Internet. The following are 
books that contain useful information on corrosion and its control. This list is not 
exhaustive and there are many others available. Try the section in your Technical 
Library with the Dewey Number 620.1. The NACE journal Materials Performance 
is a good means of keeping up with latest developments in corrosion and its 
control. 
 
 Metals Handbook - Volume 13A, 13B, 13C, Corrosion, 9th Ed, ASM 

International, Metals Park, Ohio, (2006). 
These three volumes contain an enormous amount of useful practical material, and many 
references, on forms of corrosion and corrosion properties of metals. It is weaker on 
subjects such as coatings and cathodic protection. However, certainly a good starting 
point.  

 M.G. Fontana, Corrosion Engineering, 3rd Edition, McGraw-Hill, New York, 
(1986). 

 Denny A Jones, Principles and Prevention of Corrosion, 2nd Ed, Prentice Hall, 
Upper Saddle River, NJ, USA, (1996). 

 Shrier’s Corrosion, 4 Volumes (ed T J A Richardson), Elsevier Science, (2009). 
 P R Roberge, Corrosion Basics - An Introduction, 2nd Ed, NACE, Houston, 

Texas, (2005). 
 Joseph R Davis, Corrosion: Understanding the Basics, ASM International, 

(2000) 
The above five books are perhaps the best corrosion textbooks.  

 C.G. Munger & L Vincent, Corrosion Prevention by Protective Coatings, 2nd Ed, 
NACE, Houston, Texas, (1999). 

 A.W. Peabody, Control of Pipeline Corrosion, 2nd Ed, NACE, Houston, Texas, 
(2001). 

 Betz Laboratories, Handbook of Industrial Water Conditioning, 9th Ed, Betz, 
(1991). 

The above three books are classics in coatings, CP and water treatment.  

 P.A. Schweitzer, Corrosion Resistance Tables, CRC Press, (2004). 
This publication gives the performance of metals and non-metals in a wide range of 
different chemical environments.  

STANDARDS 

Standards keep the wheels of industry turning. Whatever field you are in, there will 
be some relevant standards. With access to the Internet, these can be obtained 
rapidly (although they are still expensive) by downloading. Standards Australia 
often provides well-priced, quality documents as good as any others, if not better. 
Two very useful ones are AS/NZS 2312 (Guide to the protection of structural steel 
against atmospheric corrosion by the use of protective coatings) and the AS/NZS 
2832 series (Cathodic protection of metals). ASTM in the USA has perhaps the 
greatest number of standards related to all aspects of corrosion, but NACE and 
SSPC (see above), as well as ISO and other national standards organisations 
have useful documents.  
 www.standards.com.au 
 www.astm.org 
 www.iso.org 
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GLOSSARY OF CORROSION TERMS 

Acid dew point corrosion  See Dew point 
corrosion. 

Active  The state in which a metal tends to 
corrode (opposite of passive). 

Additive  A substance added, usually to a 
fluid, in a small amount to change 
properties, such as corrosion, friction, 
etc. 

Adsorption  Concentration of a substance on 
a surface. 

Aging (or ageing)  Changing the properties of 
an alloy by passage of time at ambient 
or higher temperatures. 

Aliphatic  Organic compounds containing 
open chains of carbon atoms, as 
opposed to the closed rings of carbon 
atoms in aromatic compounds. 

Alkyd  Resin used in coatings made from 
reaction between an alcohol and an 
acid. 

Anaerobic  An absence of free oxygen. 

Anion  An ion with a negative charge (e.g. Cl-, 

OH-) 

Anode  (Corrosion) The electrode at which 
oxidation or corrosion takes places. 
(Cathodic protection) The electrode 
which applies cathodic protection to a 
structure. (Electroplating) Part to be 
plated. 

Anodic inhibitor  A chemical substance that 
reduces the rate of the anodic reaction. 

Anodic polarisation  Change of the potential 
of the anode in the noble (positive) 
direction due to current flow at or near 
the anode surface. 

Anodic protection  A technique to reduce 
corrosion by polarising a metal into its 
passive region.  

Anodising  Forming an oxide film on a metal 
surface by making it the anode in an 
electrolytic bath. 

Anolyte  Electrolyte adjacent to anode. 

Anti-fouling  Prevention of marine organism 
attachment or growth on a submerged 
structure, usually by a toxic chemical in 
the metal or coating. 

Aqueous  Relating to water; an aqueous 
solution is a water solution. 

Austenitic  The name given to a specific 
atomic arrangement (face centred cubic) 
of alloying elements in iron. Ordinary 
steel has this structure at high 
temperatures; certain stainless steels 
have this structure at room temperature. 

Auxiliary electrode  An electrode commonly 
used in corrosion studies to pass current 
to or from a test electrode. 

Backfill  Low resistance, moisture holding 
surrounding a buried cathodic protection 
anode.  

Bimetallic corrosion  Corrosion largely 
caused by two dissimilar metals in 
electrical contact with one another in a 
common electrolyte. Preferred term for 
Galvanic corrosion. 

Blowdown  In connection with boilers or 
cooling towers, the discharging of a 
large amount of the cooling water in 
order to remove impurities. 

Blueing  A treatment of ferrous alloys by 
action of air, steam or molten salts, to 
form a thin, blue oxide film on the 
surface. 

Bonderizing  A process for treating steel with 
phosphate. 

Brightener  Additive that results in a bright 
electroplated finish, or improves the 
brightness of such a deposit. 

Brush Plating  Electroplating in which the 
anode is in the form of a brush or a pad. 

Buttering  One or more layers of deposited 
weld metal on a surface. 

Calomel electrode  See Saturated calomel 
electrode. 

Calorizing  Impregnation of a steel surface 
with aluminium. 

Cathode  In a corrosion cell, the electrode 
where reduction, and no corrosion, 
takes place. 

Cathodic disbondment  Destruction of adhe-
sion between a coating and a substrate 
because of cathodic reaction products. 
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Cathodic inhibitor  A chemical substance that 
reduces the rate of the cathodic 
reaction. 

Cathodic polarisation  Change  of potential 
(more negative) of the cathode resulting 
from current flow at or near the cathode 
surface. 

Cathodic protection  Reduction or elimination 
of corrosion by making the metal 
structure a cathode by means of 
impressed current or attachment of a 
sacrificial anode. 

Catholyte  Electrolyte adjacent to cathode. 

Cation  A positively charged ion (e.g. H+ or 

Fe++) which migrates towards the 
cathode. 

Caustic embrittlement or cracking  Cracking 
of a metal (usually steel) as a result of 
the combined action of tensile stress 
and an alkaline environment. An 
obsolete term denoting a form of stress 
corrosion cracking. 

Cavitation corrosion (or damage)  Deterio-
ration of a surface by pressure 
differences arising from sudden 
formation and collapse of bubbles in a 
liquid. 

Cell  A circuit consisting of an anode and cath-
ode in an electrolyte. 

Cementite  A compound of iron and carbon 
found in steels. 

Cementation  See Deposition corrosion. 

Chromizing Impregnation of the surface of 
steel with chromium. 

Cladding  A process for covering one metal 
with another. 

Cold end Corrosion  See Dew point 
corrosion. 

Concentration cell  A cell formed from two 
identical electrodes where the potential 
difference arises by differences in 
electrolyte composition at each of the 
electrodes. 

Concentration polarisation  Polarisation of 
an electrode due to changes in concen-
tration in the electrolyte near the metal 
surface. 

Conversion coating  A surface coating 
produced by chemical or electro-
chemical treatment of the metal. 
Examples are chromate, phosphate and 
oxide coatings. 

Copper-accelerated salt spray test (CASS 
test)  An accelerated corrosion test 

used for electrodeposits and anodic 
films on aluminium. 

Copper-copper sulphate electrode  A refer-
ence electrode made from a copper rod 
in a saturated solution of copper 
sulphate. Often used for determining 
potentials in soil. 

Corrodkote test  An accelerated corrosion 
test for electrodeposits. 

Corrosion  Destruction of a material (usually a 
metal) because of its reaction with the 
environment. 

Corrosion-erosion  See Erosion corrosion.  

Corrosion fatigue  Fracture of a metal 
because of the combined action of 
corrosion and cyclic stressing. 

Corrosion potential  The potential that a 
corroding metal exhibits relative to a 
reference electrode under given condi-
tions. Also called the rest potential, 
open-circuit potential or freely corroding 
potential.  

Corrosion rate  The speed at which corrosion 
progresses. Often expressed in terms of 
an average rate such a millimetres per 
year 

Cracking  Fracture in a brittle manner along a 
single or branched path. 

Crevice corrosion  Localised corrosion 
because of the formation of a concen-
tration cell in a crevice. 

Current density  Current per unit area, 
expressed as amps per square metre, 
etc. 

Deaeration  Removal of air and other gases 
from an environment, usually water. 

Dealloying  The selective removal of a metal-
lic constituent from an alloy. Examples 
are dealuminification (removal of 
aluminium), denickelification (removal 
of nickel), dezincification (removal of 
zinc). 

Decarburization  Partial or complete loss of 
carbon from the surface layers of steel. 

Dehumidification  Reducing the amount of 
water vapour in a given space. 

Delamination  Splitting into layers or leaves. 

Demetallification  see Dealloying. 

Demineralisation  Removal of dissolved 
mineral matter, usually from water. 

Deoxidation  Removal of oxygen from molten 
metal. 

Depolarisation  Elimination or reduction of 
polarisation, usually by mechanical or 
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chemical means, resulting in increased 
corrosion. 

Deposit attack (or deposit corrosion)  Pitting 
corrosion resulting from deposits on a 
metal surface which cause 
concentration cells. 

Deposition corrosion  Form of bimetallic 
corrosion in which a corroding upstream 
metal produces ions which deposit on a 
more active downstream metal causing 
corrosion. 

Dew point  The temperature at which water or 
other liquid vapours present in the air 
begins to condense. 

Dew-point corrosion  Attack in the low 
temperature section of combustion 
equipment due to condensation of acidic 
flue gas vapour. 

Dezincification  See dealloying. 

Differential aeration cell  An oxygen concen-
tration cell resulting from different 
amounts of oxygen at different sites on 
the metal. 

Diffusion coating  A coating produced by 
heating a metal or alloy in a suitable 
environment causing diffusion of a 
coating into the base metal. 

Dislocation  Linear imperfection in an array of 
atoms. 

Dissimilar metal corrosion  see Bimetallic 
corrosion. 

Drainage bond  Metallic conductor used to 
conduct electrical current from an 
underground structure. 

Duplex stainless steel  Stainless steel with a 
metallurgical structure of austenite and 
ferrite. 

Electrical current  Flow of electrons in a wire 
or ions in an electrolyte. Conventional 
current is the direction that positive 
charges would flow (opposite to the flow 
of electrons). 

Electrochemical Series A listing of elements 
according to their Standard Electrode 
Potentials. 

Electrochemical Impedance Spectroscopy 
(EIS)  Electrochemical test based on the 
response of a corroding electrode to 
small amplitude alternating potential or 
current signals at various frequencies. 

Electrode  A metal in contact with an 
electrolyte where electrical current can 
enter the metal or leave the metal. 

Electrode potential  The potential of an 
electrode when measured against a 
reference electrode. 

Electrodeposition See Electroplating. 

Electroless plating  Deposition of a metal 
coating by immersion in a bath 
containing reducing agents. 

Electrolysis  The use of an electrical current 
to cause chemical changes in an 
electrolyte. The term is commonly 
misused to describe stray current 
corrosion or, occasionally, bimetallic 
corrosion. 

Electrolyte  A liquid, usually an aqueous 
solution, in which ions conduct electrical 
current. 

Electrolytic corrosion  See Stray current 
corrosion. 

Electroplating  The deposition of a substance 
by passing electric current through an 
electrolyte. 

EMF (Electromotive Force) Series  See 
Electrochemical series. 

Embrittlement  Severe loss of ductility of a 
metal or alloy. 

Environment  The surroundings or conditions 
in which a material exists. 

Erosion  Deterioration of a surface by 
abrasive action of fluids. 

Erosion-corrosion  Deterioration of a surface 
by combined action of erosion and 
corrosion. 

Evans diagram  A diagram showing electrode 
potential - current density relationship, 
used to explain polarisation behaviour. 

Exchange current  The rate at which positive 
or negative charges enter or leave the 
surface when the rate of anodic disso-
lution equals the rate of the cathodic 
reaction. 

Exfoliation  Corrosion that proceeds along 
planes parallel to the surface giving rise 
to a layered appearance. 

Fatigue  Fracture of a metal due to repeated 
stress cycles well below its normal 
tensile strength. 

Ferritic  The name given to a specific atomic 
arrangement (body centred cubic) in 
many iron-based alloys. Steels have this 
structure at room temperature. 

Filiform corrosion  Random small threads of 
corrosion that develop beneath thin 
lacquers and similar films. 

Film  A surface layer usually providing 
protection. Often invisible. 

Flaking  See Hydrogen cracking. 
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Fouling  Accumulation of deposits, especially 
in reference to heat exchanger tubing 
and growth of marine organisms. 

Fretting  Deterioration of a material by 
repetitive rubbing between two surfaces. 
The term fretting corrosion is used 
when deterioration is increased by metal 
corrosion. 

Galvanic cell  A cell consisting of two different 
metals in contact in an electrolyte. 

Galvanic corrosion  Common term for 
Bimetallic corrosion. 

Galvanic Series  A list of metals arranged 
according to their relative corrosion 
potentials in a given environment; 
seawater is often used. 

Galvanize  To coat a metal surface with zinc, 
usually by immersion in a bath of molten 
zinc. 

Galvanostatic  A constant current technique 
of applying current to a specimen in an 
electrolyte. 

General corrosion  Often called Uniform 
corrosion. Corrosion proceeding over 
the whole metal surface. 

Grain  An individual crystal of metal (usually 
microscopic) in which atoms are 
arranged in an orderly manner. 

Grain boundaries  The junctions between 
adjacent grains. 

Graphitization  A specific form of dealloying 
of cast iron in which the metallic constit-
uents are corroded leaving the graphite 
flakes intact. Also called graphitic 
corrosion. 

Green rot  A form of high temperature corro-
sion of chromium-bearing alloys in 
which green chromium oxide forms. 

Grooving corrosion  Localised corrosion in 
the form of a groove in the weld of 
electric resistance welded carbon steel 
pipe exposed to aggressive waters, 
caused by redistribution of sulphide 
inclusions during welding. 

Half cell  A pure metal in contact with a 
solution of its own ions of known 
concentration. At a given temperature it 
develops a characteristic and repro-
ducible potential. The term is sometimes 
used to mean reference electrode. 

Hardcoat anodise  Thicker, harder anodised 
coating for wear and corrosion 
resistance.  

Heat affected zone (HAZ)  The area adjacent 
to a weld where the heating and cooling 
have caused changes to the metal 

structure which affect mechanical, and 
often corrosion, behaviour. 

Holiday  A hole or gap in a protective coating. 

Hot corrosion  Accelerated high temperature 
corrosion resulting from combined effect 
of reaction with sulphur compounds, 
chlorides, etc, to form a molten salt 
which destroys the oxide film. 

Hydrogen attack  Reaction of hydrogen at 
high temperatures with carbides or 
oxides within the metal to form methane 
or steam, usually causing cracking. 

Hydrogen blistering  Formation of blister-like 
bulges on a ductile metal caused by 
hydrogen gas at high pressures. 

Hydrogen cracking or hydrogen induced 
cracking (HIC)  Internal cracks in a 
metal caused by build-up of hydrogen 
gas. 

Hydrogen damage  General term for various 
types of damage to a metal caused by 
the presence of hydrogen within the 
metal structure. 

Hydrogen embrittlement  Loss of ductility of 
a metal due to the presence of atomic 
hydrogen within the metal structure. The 
term is often used to include HIC. 

Hydrophilic  Having an affinity for water. 

Hydrophobic  Repelling water. 

Hygroscopic  Having a tendency to absorb 
moisture. 

Immunity  A state of resistance to corrosion 
due to the fact that the electrode 
potential of the surface is below the 
potential required for anodic dissolution. 

Impingement attack  Localised erosion-
corrosion caused by high velocity 
flowing fluid. 

Impressed current cathodic protection 
(ICCP)  A cathodic protection system 
utilising an external source of power. 

Inclusions  See Non-metallic inclusions. 

Inhibitor  A substance which, when added to 
a corrosive liquid in small amounts, 
reduces to the corrosion rate. 

Instant Off Potential  Potential reading taken 
immediately after switching off the 
cathodic protection current. Removes 
errors due to current flows.  

Intergranular cracking  Cracking or fracture 
which occurs preferentially at grain 
boundaries. 
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Ion  An electrically charged atom (e.g. Na
 +, 

Cl-, Al3+) or group of atoms (e.g. NH4
+, 

OH-, SO4
2-). 

IR Drop  Potential difference between two 
electrodes due to product of the 
resistance and current flow. In cathodic 
protection, compensated by 
measurement of Instant Off Potential.  

Knife line attack  A form of weld decay where 
the zone of attack is very deep and 
narrow, close to or in the weld. 

Lamellar  Material arranged in thin plates. 

Langelier index  A calculated figure that is 
useful in predicting scaling or corrosion 
behaviour of water containing calcium 
carbonate. 

Layer corrosion  see Exfoliation. 

Liquid metal embrittlement (LME) Cracking 
of a normally ductile metal in tension 
caused by contact with a liquid metal. 

Local cell  A small cell formed by small 
differences in composition in the metal 
or electrolyte. 

Localised corrosion  Corrosion at discrete 
sites, e.g. crevice corrosion, pitting, 
stress corrosion cracking. 

Low temperature corrosion  See Dew-point 
corrosion. 

Magnetite  Naturally occurring black oxide of 
iron, Fe3O4. 

Martensitic  The name given to a specific 
atomic structure obtained most 
commonly in ferrous alloys by 
quenching to form a very hard material. 

Mechanical plating  Producing a metallic 
coating by tumbling the item with the 
metal powder, glass beads and 
appropriate chemicals.  

Metal dusting  A form of high-temperature 
corrosion which forms a dust-like 
corrosion product. 

Metallizing  See Thermal Spraying.  

Mild steel  Carbon steel containing a 
maximum of about 0.25% carbon and 
no other significant additions of alloying 
elements. 

Mill scale  The heavy oxide layer formed on 
steel as a result of hot working or heat 
treatment. 

Mixed potential  A potential resulting from two 
or more electrochemical reactions 
occurring simultaneously on one metal 
surface. 

Nernst equation  An equation that expresses 
potential of a cell in terms of the 
activities of the products and reactants 
of the cell. 

Noble metal  A metal such as gold, silver or 
platinum which is not very reactive. 
Strongly cathodic in the Galvanic series 
or Electrochemical series. 

Non-metallic inclusions  Impurities such as 
sulphides and silicates distributed as 
small discrete particles throughout a 
solid metal matrix. 

Open circuit potential  The measured poten-
tial of a cell when no current flows. 

Overpotential See Overvoltage. 

Overprotection  In cathodic protection, 
generation of higher protective current 
than necessary. 

Overvoltage  The difference in electrode 
potential when a current is flowing 
compared to when no current flows. 
Also known as polarisation. 

Oxidation  Loss of electrons, as when a metal 
corrodes. Opposite of Reduction. 

Oxidising agent  Substance causing oxidation 
by accepting electrons. Substance is 
reduced during oxidation. 

Oxygen concentration cell  A cell caused by 
a difference in oxygen concentration at 
two points on a metal surface. Also 
called a differential aeration cell. 

Parkerizing  A proprietary phosphating 
treatment. 

Parting  Obsolete term for dealloying. 

Passivation  Decrease in corrosion rate by 
the formation of a protective oxide or 
similar film on the surface.  

Passivator  An chemical agent which forms a 
passive film on the metal surface. 

Passive  State of a metal surface where the 
corrosion rate is low due to formation of 
a protective film through passivation. 

Passivity  The phenomenon of an active 
metal becoming passive. 

Patina  A green coating of copper oxide and 
other copper salts formed by exposure 
of copper and some copper alloys to the 
atmosphere. 

Peen plating  see Mechanical plating. 

pH  A measure of the acidity or alkalinity of a 
solution. A value of seven is neutral, a 
value less than seven is acid, more than 
seven is alkaline. In chemical terms, pH 
is the negative logarithm of the 
hydrogen ion concentration. 
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Pickle  A solution, usually acid, used to 
remove mill scale or corrosion products 
from a metal. 

Pitting  Highly localised corrosion resulting in 
cavities. 

Pitting factor  Ratio of the depth of the 
deepest pit to the average penetration 
as calculated from weight loss. 

Polarisation  The shift in potential resulting 
from the effects of current flow. 
Generally taken to mean retardation of 
corrosion due to build-up of corrosion 
products or consumption of oxygen or 
water or both at the metal surface. 

Porcelain enamel  See vitreous enamel.  

Post Weld Heat Treatment (PWHT)  Heating 
of weld regions immediately after 
welding to prevent formation of a hard or 
brittle structure.  

Potential-pH diagram  See Pourbaix diagram 

Potentiostat  An electronic device which 
maintains an electrode at a constant 
potential with respect to a suitable 
reference electrode. 

Poultice corrosion  Corrosion due to 
collection of dirt and other debris in 
crevices and ledges that are kept moist 
by weather and washing. A specific type 
of deposit attack. 

Pourbaix diagram  A plot of potential versus 
pH of a corroding system compiled 
using thermodynamic data and the 
Nernst equation. The diagram shows 
the regions in which the metal is active, 
passive or corroding. Also known as a 
potential-pH diagram. 

Primer  The first coat of paint applied to inhibit 
corrosion or improve adherence of the 
next coat. 

Profile  The anchor pattern produced on a 
metal surface by abrasive blasting. 

Recrystallisation  Formation of new grains in 
a cold worked metal, usually accom-
plished by heating. 

Redox potential  The potential of a reversible 
reduction-oxidation electrode measured 
with respect to the standard hydrogen 
electrode in a given electrolyte. 

Reducing agent  Substance causing 
reduction by donating electrons. 
Substance is oxidised during reduction. 
See also oxidising agent. 

Reduction  Gain of electrons as when a metal 
plates out from an electrolyte. Opposite 
of oxidation. 

Reference electrode  An electrode with a 
known, stable and highly reproducible 
potential and used as a reference in 
measurement of electrode potentials.  

Relative humidity  The ratio of the amount of 
moisture in the air compared to what it 
could hold if saturated at the temper-
ature involved. 

Residual stress  Stresses that remain in a 
body as a result of metal working 
processes. 

Rest potential  See Open circuit potential. 

Rust  A reddish-brown product, primarily 
hydrated ferric oxide, formed as a result 
of corrosion of steel. 

Sacrificial protection  Reduction of corrosion 
of a metal by galvanically coupling in to 
a more anodic metal. A form of cathodic 
protection.  

Salt spray (or salt fog) test  An accelerated 
corrosion test in which specimens are 
exposed to a fine mist of a sodium 
chloride solution. 

Saturated calomel electrode  A reference 
electrode consisting of mercury, 
mercurous chloride (calomel) and a 
saturated chloride solution. Usually used 
in the laboratory rather than field work. 

Scaling  (1) High temperature corrosion 
resulting in the formation of thick layers 
of corrosion products on the metal 
surface. (2) Deposition of insoluble 
materials such as calcium carbonate on 
the walls of boilers or heat exchanger 
tubes 

Sealing  (Anodising) A process for closing the 
pores of an anodised film.  

Season cracking  Obsolete term describing 
the stress corrosion cracking of brass. 

Selective corrosion (or leaching)  See 
dealloying. 

Sensitization  Precipitation of chromium 
carbides in grain boundaries in 
austenitic stainless steels at tempera-

tures of 550 to 850oC leaving grain 
boundaries depleted in chromium 
making them susceptible to corrosion. 

Sheradizing  Diffusion of a zinc coating into 
steel by tumbling steel parts with zinc 
dust at high temperatures. 

Silver-silver chloride electrode  A reference 
electrode consisting of silver chloride 
plated on silver. Useful for potential 
measurements in sea water. 

Slushing compound  An obsolete term 
describing an oil or grease coating 
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applied to provide temporary corrosion 
protection. 

Spalling  Spontaneous separation of a surface 
or surface coating. 

Stabilised stainless steel  A grade of 
austenitic stainless steel which has 
been alloyed with a carbide-forming 
element such as titanium which makes it 
less susceptible to sensitization. 

Standard electrode potential  The reversible 
potential of an electrode process when 
all the reactants and products are at unit 
activity on a scale on which the potential 
of the standard hydrogen electrode is 
unity. 

Standard hydrogen electrode (SHE)  A 
reference electrode consisting of a 
platinum strip exposed to hydrogen gas 
at a pressure of 1 atmosphere 
immersed in an acid solution of unit 
molarity. It has been assigned by 
convention the value of 0 volts in the 
Electrochemical series.  

Strain age embrittlement  A loss in ductility 
when a low carbon steel is subjected to 
aging after plastic deformation. 

Stray current corrosion  Corrosion that is 
caused by stray DC currents from some 
external source. 

Stress corrosion cracking (SCC)  Cracking 
resulting from the simultaneous action of 
a corrodent and sustained tensile stress. 

Stress raiser  A change in the contour of a 
structure, or the presence of a discon-
tinuity, that causes a local increase in 
stress. 

Sulphidation  Oxidation by sulphur. 

Sulphide stress cracking  Cracking resulting 
from the combined action of tensile 
stress and corrosion by hydrogen 
sulphide. 

Surfactant or surface active agent  A 
substance introduced into a liquid to 
improve wetting properties. Many 
detergents are surfactants. 

Tafel line, Tafel slope, Tafel diagram  When 
an electrode is polarised, it frequently 
yields a current-potential relationship 
where the change in potential is directly 
proportional to the logarithm of the 
current density. If such behaviour is 
observed, the line is known as the Tafel 
line, the slope of the line is the Tafel 
slope, and the overall diagram is termed 
a Tafel diagram. 

Tarnish  Surface discolouration of a metal 
caused by a thin film of corrosion 
product. 

Temper  In heat treatment, to reheat a 
hardened metal to decrease the 
hardness slightly but greatly improve the 
toughness. 

Terne  An alloy of lead containing 3 to 15 per 
cent tin. 

Thermal Spraying  A process of coating a 
surface by spraying finely divided 
particles of melted or heated material. 

Thermogalvanic corrosion  Corrosion 
resulting from the formation of a cell due 
to temperature differences at two points. 

Throwing power  In electroplating, the ability 
of a plating solution to produce a 
uniform metal distribution over an 
irregularly-shaped cathode. 

Transgranular cracking  Cracking or fracture 
through or across a metal grain. 
Compare to intergranular cracking. 

Transpassive  The noble region of potential 
where an electrode exhibits a higher 
than passive current density. 

Trilaminate  Three layer pipeline coating 
consisting of fusion bonded epoxy, an 
adhesive and extruded polyethylene or 
polypropylene outer layer. Also called 
Three layer.  

Tuberculation  Localised corrosion at 
scattered locations on the surface in the 
form of knob-like mounds known as 
tubercules. 

Underfilm corrosion  Corrosion which occurs 
under organic coatings at exposed 
edges or by filiform corrosion. 

Uniform corrosion  Often called general 
corrosion.  

Vitreous enamel  Thin layer of glass fused 
onto a metal surface at a high 
temperature (Porcelain enamel in the 
US) 

Voids  A term generally applying to paints to 
describe holidays, holes and skips in the 
film. 

Waterline attack  Attack of metals partially 
immersed in water because of presence 
of a differential aeration cell. 

Wash primer  A thin, inhibiting primer to 
improve surface adhesion of the 
subsequent coat. 

Water Jetting  Surface cleaning using very 
high pressure water only directed 
through a nozzle onto a surface.  
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Weld decay  Intergranular corrosion, usually 
of stainless steels, as a result of 
sensitization in the heat affected zone 
during the welding operation. 

White rust  The white powdery corrosion 
product on zinc or zinc-coated surfaces. 

Working electrode  The test or specimen 
electrode in an electrochemical cell. 
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