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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 

CATHODIC AND ANODIC PROTECTION 

Cathodic protection is a system for reducing corrosion by turning the entire 
structure into the cathode of a corrosion cell. It is widely used to prevent corrosion 
of large steel structures in contact with marine, soil and fresh water environments. 
As well as underground pipelines, typical uses include the hulls of ships, steel-
piled wharves and jetties, offshore drilling platforms, steel-reinforced concrete 
bridges, heat exchangers and underground tanks. It is usually applied to steel 
structures, as described in this technical publication, but other metals, such as 
lead-covered telecommunications cables, can be protected in the same way. This 
technical publication mainly looks at the use of cathodic protection for 
underground pipelines, but the principles can be applied to other structures in 
other environments. In this technical publication, the following will be discussed: 
 
 an explanation of the basic electrochemical principles 
 the differences between the galvanic and impressed current methods 
 the current and voltage requirements 
 the effects of stray currents and how they are minimised 
 how cathodic protection is monitored 
 the principles and applications of anodic protection. 
 
 

1. PRINCIPLES OF CATHODIC PROTECTION 

The basic idea of cathodic protection is very simple. In the corrosion process, 
there are anodic and cathodic areas. The anodic areas, where the conventional 
(positive) current leaves the metal, are the areas where corrosion takes place. At 
the cathodic areas, where the conventional current enters the surface from the 
electrolyte, no corrosion takes place. Therefore, if the entire area could be made 
cathodic, then the structure would not corrode. This is exactly what cathodic 
protection does. Direct conventional current is forced to flow from an external 
source onto the structure. If the amount of current is correctly adjusted, it will 
overpower the corrosion current discharging from the anodic areas and there will 
be a net current flow onto the structure. The entire surface will be cathodic (often 
referred to as polarised), the corrosion reaction will be halted and protection will 
be complete.  
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There are two ways this change of potential can be achieved, shown in Figure 1 
for an underground structure: 
 connect the structure to a metal which is more active, (the galvanic or 

sacrificial anode method) or 
 connect the structure to a source of direct current, (the impressed current 

method). 

 

Figure 1: Cathodic protection by (a) galvanic anode (b) impressed current. 

 

A brief description of each of these methods follows. 
 

2. THE GALVANIC METHOD 

In this method, the metallic structure is made the cathode by connecting it with 
galvanic anodes more electronegative than the metal structure to be protected. 
Inspection of the galvanic series shows that metals such as magnesium, zinc and 
aluminium would be suitable. Thus, the anode corrodes, sacrificing itself to protect 
the structure. 
 
Advantages of the galvanic method are: 
 No external power source is required so it can be used remotely. 
 It has a lower installation cost. 
 Minimum maintenance is required. 
 Systems seldom cause adverse effects (interference) on other structures. 
 
Limitations of the galvanic method are: 
 There is limited driving potential and current output. 
 It can be ineffective in high resistivity environments. 
 It is not generally applicable for poorly coated structures. 
 The life of the anodes tends to be relatively short, depending on load. 
 Its existence is easily forgotten by maintenance personnel. 
 
Anode selection is based on economic and engineering considerations. The 
amount of electrical energy that can be provided, the capacity, is clearly important 
and this gives the number of ampere-hours which can be supplied by each 
kilogram of corroding material. This can be calculated by Faraday’s Laws. 
However, galvanic anodes are subject to self-corrosion which uses energy, so that 
their efficiency is less than 100 per cent. For example, zinc has a theoretical 
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capacity of 819 Ampere-hours per kilogram. This means that if a zinc anode were 
to discharge one ampere continuously, one kilogram would be consumed in 819 
hours. In practice, the measured capacity is 780 Ampere hours per kilogram so 
that the efficiency is (780/819 x 100) or about 95 per cent. This efficiency is taken 
into account in the practical capacity figures normally given. 
 
Another way of expressing the energy content of an anode, especially in onshore 
applications, is in terms of the consumption rate in kilograms consumed per 
ampere-year. This gives the weight of anode material that would be eaten away 
from an anode discharging one ampere for one year. This figure, calculated by 
dividing the number of hours in a year (8760) by the capacity in Ah per kilogram, is 
useful in calculating the expected life of a galvanic anode installation. Table 1 lists 
three typical sacrificial anode materials and their properties. 
 

Table 1: Galvanic anode materials 

Anode 
type 

Potential (volt) 
vs Cu/CuSO4 

Practical 
Consumption 
rate (kg/amp yr) 

Practical 
Capacity 
(Ah/kg) 

Application 

Zinc –1.1  11 800 Marine and low-to- 
medium resistivity soil or 
waters 

Magnesium –1.55 (Std)  7 1100 Buried and non- 

 –1.80 (High Pot) 4 1200 saline waters 

Aluminium  –1.1  3.2 (Al-Zn-Hg) 2800 Marine only 

 –1.1 to –1.17 3 - 4 (Al-Zn-In) 1700-2600  

 
Also required for design purposes is the anode utilisation factor. This is the 
amount of material consumed during its lifetime. There will always be some 
material left when the current drops below the design value. This factor is typically 
0.85, and the required mass of anodes will need to be divided by this figure to 
obtain actual mass ordered.  
 
Magnesium is widely used in underground applications. Although its efficiency is 
low (about 50 per cent), this is more than offset by its very negative potential which 
provides high current output. Magnesium can afford protection in high resistivity 
soils (less than about 50 ohm-metre) whereas zinc anodes are limited to use in 
soils of about 10 ohm-metre or less. Zinc can be used in most applications. 
Aluminium anodes are only used in sea water because of the passive oxide film 
that forms in chloride-free environments. Special alloys of these metals are usually 
used to ensure the best efficiency of operation. Anodes are commercially available 
in various shapes and sizes depending on the use. AS 2239 covers composition of 
galvanic anodes. 
 
For efficient and reliable operation in soil applications, anodes are provided with a 
covering of backfill. This has a number of advantages:  
 it provides a uniform environment around the anode reducing self-corrosion,  
 it prevents surface passivation,  
 it helps keep the anode moist and  
 it provides a low resistivity environment for the anode increasing current output.  
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Backfill generally consists of a mixture of sodium sulphate, bentonite clay (for 
water retention) and gypsum (to reduce shrinkage on drying and to reduce 
resistivity). The mixture is generally contained in a calico bag. 
 

3. THE IMPRESSED CURRENT METHOD 

In this method, the metallic structure is made the cathode by connecting the 
negative terminal of an external direct current power supply to the metallic 
structure and the positive terminal to an inert anode. The anodic reaction is not the 
dissolution of the metal but rather some other reaction such as liberation of 
chloride gas in salty environments or oxidation of water to liberate oxygen gas 
when the water or soil has a very low chloride concentration. Where coke is used 
as a backfill, carbon dioxide is generated at the surface of the coke. These anodic 
reactions create acidity and anodic materials must be resistant to acid attack. 
 
Advantages of the impressed current method are: 
 There is a larger driving voltage. 
 There is more flexible control of voltage and current. 
 It is applicable to uncoated parts, high resistivity environments, large objects, 

etc. 
 
Limitations of impressed current are: 
 It has a higher installation cost for small systems. 
 It has higher maintenance costs for small systems. 
 It can cause adverse effects (interference) on nearby structures 
 
The most commonly used power units are transformer-rectifiers. Power is 
transformed to the appropriate alternating current voltage then rectified to direct 
current. There are a number of commonly used design systems for varying current 
output including those which allow automatic control, where the unit can sense the 
potential of the protected structure and automatically adjust the current up or down 
so that the potential remains constant. Devices known as switch-modes which 
operate on similar principles are also used to provide power. Where mains power 
is not available, solar cells, wind generators, internal combustion generators, 
thermoelectric generators or gas turbine generators may be used. 
 
The range of materials used for impressed current anodes is much wider than 
that available for galvanic systems.   
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Table 2 lists some typical impressed current anode materials and their properties. 
Materials used vary from inert mixed metal oxide (MMO) coated titanium which is 
efficient but expensive to low cost scrap steel which suffers large losses. MMO-
coated titanium, graphite and silicon iron are the most widely used for 
underground applications. Graphite and silicon iron are brittle and must be 
handled carefully. The anode is usually surrounded by backfill such as coke 
breeze to improve electrical contact between the anode and surrounding soil. For 
marine work, lead-silver alloys and platinised titanium or platinised niobium are 
used. 
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Table 2: Impressed current anode materials and their consumption rates. 

Material Consumption rate
(kg/amp yr) 

Typical current density 
(amp/sq m) 

Mixed metal oxide (MMO) coated Titanium 10-6 100 to 600 

Platinised Titanium or Niobium 10-5 100 to 1000 

Silicon-Chromium-Iron 0.4 10 to 40 

Magnetite 0.1 3 to 60 

Steel 7  to 9 0.1 to 1 

Lead-Silver Alloy 0.05 to 0.1 150 to 200 

Graphite in coke 0.2 to 0.5 10 to 40 

 
Impressed current anodes can operate at significantly higher driving potentials 
than sacrificial anodes. The maximum values are often determined by safety 
considerations or the acceptable levels of gases that can be generated. Similarly, 
current output is significantly higher than from sacrificial anodes. As current is not 
related to anode consumption rate, current capacity is usually expressed in terms 
of current per unit area of anode surface (current density) without reference to loss 
of anode material.  
 
In underground applications, to fully exploit the potential of an impressed current 
system to deliver large currents, anodes tend to be installed in arrays in backfill 
called ground beds. Anodes can be installed horizontally in trenches, vertically in 
augered holes or, when space is tight, one on top of the other in a borehole, 
known as a deep well groundbed. The voltage gradient decreases hyperbolically 
with distance from the ground bed. Thus, a distance is reached where the voltage 
gradient becomes negligible. At this distance or greater from the object being 
protected, a ground bed is termed a remote ground bed. Ground beds closer 
than this distance are termed close ground beds. A remote ground bed gives a 
long spread of current at a relatively uniform current density. Most ground beds for 
pipelines are designed in this manner. A close ground bed results in a voltage and 
current density that decease rapidly moving away from the groundbed. Such 
systems are used on structures where very little spread of protection is required. 
 
Cable and cable connections are critical, especially in the positive or groundbed 
circuit. Any exposed metal will act as an anode and can be destroyed in a matter 
of days. Cables must be well insulated, ideally without joints and free from nicks 
and cuts, and protected from damage during installation. Cables are usually 
brazed or welded to the structure using a thermite weld (‘Cadweld’) which provides 
a strong, permanent bond that can be easily inspected. A watertight, insulating 
patch or coating must be applied over the bond.  
 

4. CATHODIC PROTECTION CRITERIA 

Usually the potential of the protected structure is measured relative to the copper/ 
copper sulphate electrode, although for structures in sea water they are measured 
against the silver chloride electrode. Pure zinc in backfill can be used as a 
permanently installed reference electrode. Using electrodes other than 
copper/copper sulphate will, of course, require corrections to be made.  
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The most widely accepted criterion for the protection of steel structures in soil, sea 
water or fresh water is that they should be polarised to a potential of –850 millivolts 
versus the copper sulphate electrode (–800 millivolts versus the silver chloride 
electrode). In soils with sulphate-reducing bacteria, a more negative figure may be 
required. For metals other than steel, different potentials should be used. Another 
criterion which is sometimes specified is that the potential should be at least 100 
millivolts below the natural potential, that is polarised to -100 mV. Other criteria 
have been suggested for minimum protection but none are, as yet, widely 
accepted. 
 
The maximum amount of cathodic protection (overprotection) that can be applied 
to a given system is influenced by a number of factors. At more negative 
potentials, current increases raising operating costs. High current densities 
increase interference problems. The alkali formed by the cathodic reactions can 
weaken the adhesive bonding between the coating and the steel (cathodic 
disbonding) which becomes more serious as current density increases (see next 
section). Hydrogen embrittlement and stress cracking are believed to result from 
increasingly negative potentials. As a result of these factors, a figure of –1200 
millivolts versus copper/copper sulphate is generally used as maximum (most 
negative) figure for steel. A more negative figure is recommended for high strength 
steels because they are more liable to hydrogen embrittlement or for coatings 
more susceptible to cathodic disbondment.  
 

5. CATHODIC DISBONDMENT 

Cathodic disbonding is the accelerated loss of adhesion of a coating at a defect 
due to the action of cathodic protection. The main cause is believed to be due to 
the alkali generated at the steel surface because of the cathodic reaction. The 
increased permeation of water through the coating due to the electric field 
generated is also believed to contribute to the problem. It was originally thought 
that the generation of hydrogen was the cause and the problem is still often known 
as ‘blowing the coating off’, even though this is now known not to contribute. 
Different coatings are affected to different degrees, with some such as fusion-
bonded epoxies showing good resistance, while others such as tapes and some 
liquid coatings showing severe failures.  
 
Cathodic disbondment resistance is measured in a standard test which evaluates 
the increase in diameter of a drilled test holiday on a test panel under the influence 
of a small cathodic protection cell, as shown in Figure 2(a). Such tests are usually 
carried out to standards such as ASTM G8 or AS 4352. Figure 2(b) shows how the 
test hole can grow in size with variations in two types of coating – tape and Fusion 
Bonded epoxy (FBE), as well as effect of test temperature on FBE, and surface 
preparation on the tape coating. Disbonding increases with longer exposure, 
higher temperature and poorer quality of surface preparation. As the applied 
potential is increased, the cathodic disbonding rate increases, so there is an upper 
limit for cathodic protection potentials, usually of the order of 1.2 volts versus 
copper sulphate electrode. 
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(a)       (b) 

Figure 2: Cathodic disbondment (a) test cell, (b) effect of variables on degree of disbondment. 

 

6. CATHODIC PROTECTION CURRENT REQUIREMENTS 

The basic parameter in cathodic protection design is the current required to 
achieve protection. This will influence the number of protection systems required, 
the design and location of the anode systems and the design of the power supply. 
For economic and technical reasons a low current is desirable. The major factors 
which influence current requirements include the following.  
 
(i) The environment. Steel in highly-corrosive sea water will require 

significantly more current to achieve protection than a comparable structure 
buried in less-corrosive soil. Within a soil, factors such as soil resistivity, 
oxygen concentration, presence of bacteria, pH will all affect current 
requirements. In water, the amount of water movement can have a 
pronounced effect. Turbulent water is likely to be highly aerated and 
produces a strong mechanical depolarising effect. Some typical current 
requirements in a range of different environments are given in Table 3. 

 
Table 3: Typical protection current requirements under varying conditions 

Conditions  Current required 

mA/m2 
Effect of Environment 
Hot sulphuric acid 

 
400,000 

Bare steel in moving sea water  100 to 150 
Bare steel in quiet sea water  50 to 80 
Bare steel in fresh water 40 to 60 
Bare steel in earth  10 to 30 
Reinforcing steel in concrete 5 to 25 
Steel in well-cured, chloride-free concrete ~0.07 
 
Effect of Coating 
Poorly coated steel in earth or water  

 
 

~1 
Well coated steel in earth or water  ~0.03 
Very well coated steel in earth or water < 0.01 
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(ii) The presence of a coating. If an object is coated, then a much lower current 
will be required as the only areas requiring protection are defects or ‘holidays’ 
in the protective coating. Table 3 includes the approximate current 
requirements for bare steel, poorly coated steel, well coated steel and very 
well coated steel in earth, showing a significant decrease in current 
requirements as coating condition improves. When pipeline coatings are 
good, it is possible to cathodically protect considerable lengths of pipeline, 80 
kilometres or more, from one location. With marine structures, the hydroxyl 
ions generated by cathodically protected steel cause precipitation of insoluble 
calcium and magnesium salts (known as calcareous deposits). A strongly 
adherent film is formed which reduces the current required for protection. 

 
Example: What is the current required to protect 30 kilometres of 330 mm 
diameter extruded polyethylene coated (new coating) underground transmission 
pipe which has a current requirement of 0.01 milliamps per square metre? 
 
Answer:  The first step is to calculate the surface area using standard geometric 
formulas, converting dimensions where required. For a cylinder this is: 
  Surface area =  x diameter x length 
    =  x 0.33 x 30,000 
    = 31,102 square metres. 
 
Knowing the area, the total current can be easily determined: 
Total protective current  = Current density required x area 
    = 0.01 x 10-3 x 31,102 
    = 0.31 amps. 
 
Current requirements can be determined by experience or by surveys. There are 
other factors which need to be taken into consideration in design of cathodic 
protection systems. Electrical shielding may occur where metallic components 
shield the system being protected from the anodes. The required life of the 
structure and economic considerations will affect the type and design of the 
cathodic protection system. Maintenance aspects may require a more expensive 
system to be installed. The presence of stray currents (see later section) can 
severely affect the structure to be protected and will influence design. 
 
Most cathodic protection design is conducted by consulting companies that 
specialise in corrosion control. Procedures will vary amongst organisations but 
AS 2832 gives a guide to the design of cathodic protection systems. Part 1 covers 
pipes and cables and ducts, Part 2 compact buried structures such as tank farms, 
steel pilings and well casings, Part 3 fixed immersed structures, Part 4 internal 
surfaces of pipes and structures and Part 5 concrete structures. These standards 
provide a great deal of useful information for the cathodic protection designer. 
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7. CATHODIC PROTECTION MONITORING 

To ensure that cathodic protection is achieved and continues to be achieved, 
monitoring procedures have been introduced. There are two levels of this 
monitoring: regular equipment checks to ensure the systems are operating and 
less regular surveys to ensure that CP is being achieved. The equipment checks 
ensure that current is flowing in impressed current systems and drainage bonds 
and potential measurements are also made adjacent to all CP installations. The 
surveys involve measuring the pipe potential at every test point and then carrying 
out further investigation and remedial action if the readings show inadequate 
protection. 
 
Potential measurements of pipelines are usually carried out with a high input 
resistance voltmeter which is connected between the pipe (via the test point cable) 
and a copper/copper sulphate reference electrode which is located in the soil 
directly above the pipe (see Figure 3). If the pipe is subject to stray direct currents, 
then its potential is constantly varying. To evaluate the protection status of such a 
pipe its potential must be continuously recorded over a period of time. There are 
three potential measurements as discussed below. 
 
 
 
 
 

Figure 3: Measurement of pipe-to-soil potential. 

 

 
 
 
 
 
 
The natural potential of a structure is the potential of the structure as it naturally 
exists and should be carried out before any current is applied to the structure. This 
natural potential is used to establish the datum of the potential profile due to 
causes such as varying soils, galvanic coupling, interference, etc. It should be 
noted that if the structure has been subject to any application of DC, even 
temporarily, by cathodic protection or stray currents, then the natural balance will 
be upset. The recovery of this balance can take weeks or months. 
 
An on potential is the potential measured on the structure once the CP protection 
current has been applied to the structure. The application of CP will normally shift 
the structure in a more negative direction, for example from –550 mV natural to –
960 mV with CP. The reading does not necessarily imply that cathodic protection 
has been achieved. 
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The third measurement is known as the instant-off potential, or simply, ‘off’ 
potential, which measures instantaneous potential the moment the cathodic 
protection is switched off. A problem arises with normal on potential 
measurements because the measured reading will not only be the polarised 
potential of the structure but will also have a component due to the voltage 
gradient associated with the flow of CP current as shown in Figure 4. This 
component is known as the IR drop. Because of this current flow, the measured 
potential will therefore be the sum of the polarised potential of the structure plus 
this voltage gradient, or IR drop.  
 
 
 
 
 
 
 

Figure 4: IR errors in 
potential monitoring 

 
 
 
 
 
 
The IR drop for a poorly coated pipeline can be significant, of the order of 500 mV 
or more. Therefore, to achieve a polarised potential of –850 mV on the pipe 
surface, the voltmeter reading with the potential switched on in this case should 
show – (850 + 500 = ) 1350 mV. 
 
The instant off potential survey can be used to measure the true pipe potential, 
free of voltage gradient errors. The instant the current is turned off, the potential 
due to the IR drop is removed but the polarised potential usually decays over a 
period of time, as shown in Figure 5. On well-coated pipelines, the time span from 
on to off can be so rapid that readings require the use of data loggers or other 
electronic test instruments. Other problems with the method are that it cannot be 
used in areas of stray current, with galvanic anodes, with earths or multiple 
protection systems. 
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Figure 5: Variation of potential with time. 

 

Figure 6 shows the results of potential surveys along a well-coated, underground 
steel pipeline. Readings of the natural, on and instant off potentials were taken. 
The arrangement uses an impressed current system located at test point 14. 
Connections to more noble copper earth or concrete structures has driven the 
natural and protection potentials more positive, although only the large structure at 
test point 25 is sufficient to drive the Instant Off potential into the unprotected 
region. This structure should be insulated from the pipe. The faulty insulating joint 
at test point 3 has also resulted in unprotected pipe and this needs repair. The 
benefit of a survey is clear from this investigation.  

 

Figure 6: Results of potential survey along water pipeline. 
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8. STRAY CURRENT AND INTERFERENCE EFFECTS 

Stray current effects are unintended currents flowing in a metallic structure and 
often encountered in cathodic protection systems. Currents which will most 
severely affect the structure to be protected are those of substantial magnitude 
that continually vary. These include stray currents from DC railway and tramway 
systems, DC welding operations, other cathodic protection systems and similar 
sources. Another type of stray currents found in long pipelines are those due to 
telluric currents generated by magnetic storms. Depending on the magnitude, 
stray currents can cause corrosion, damage coatings, damage electrical 
equipment or simply produce errors during CP monitoring. Any detectable 
electrical disturbance caused by stray currents is known as Interference.  
 
The most damaging sources of stray current are DC electrified railways and 
tramways. A schematic of the rail circuit is shown in Figure 7. The (conventional) 
current is intended to flow from the substation, along the overhead cables, through 
the train motor and back along rails to the substation. Unfortunately, the rails are 
not adequately insulated from the earth and part of the current will flow onto a 
buried metallic structure. Where the current flows on to the structure, it will be 
cathodically polarised and protected, but where the current is discharged, the pipe 
corrodes at a very rapid rate. Leaks have occurred on pipelines due to stray 
railway currents within three months of the pipe being laid. 

 

Figure 7: Railway stray current schematic diagram. 

 
The most commonly used and accepted system for alleviating this problem is to 
install a metallic bond between the pipe and the rail, or the negative substation 
bus. This is termed a drainage bond and is comprised of diodes to prevent 
current flowing in the reverse direction, and resistors to control the current flow. In 
this fashion, current is passed back to the rail electronically and there is no 
electrolytic current discharge from the pipe, hence no corrosion. This is illustrated 
in Figure 8. When currents are low and it is impractical to install a drainage bond, it 
may be possible to shield the affected structure with galvanic anodes. Anodes are 
placed between the exposed and foreign structure causing the exposure. The 
potential of the anode will then nullify the interfering voltage. This method is 
impractical with large currents near a DC substation as they may allow current 
pick-up. 
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Figure 8: Railway drainage bond. 

 
It is essential throughout the planning, installation, testing, commissioning and 
operation of a cathodic protection scheme that all other organisations having 
buried metallic pipes, cables and other structures in the near vicinity of the 
installation are fully acquainted with the situation. This function is normally co-
ordinated by the local electrolysis committee. Interaction between schemes can be 
then minimised during the design stage and, where interaction is unavoidable, a 
joint CP scheme can be devised, connection bonds installed, additional galvanic 
anodes connected or isolating joints used. 
 

9. CASE STUDY: OFF-SHORE PLATFORMS 

Seawater has a low resistivity (generally 0.15 to 0.25 ohm-m (15-25 ohm-cm) but 
may be double this in very cold conditions) and is generally uniform in 
composition. These factors make application of CP to marine structures relatively 
simple. Marine CP is very economical, so much so that it is normal to leave 
stationary compact structures such as offshore platforms bare under water and 
use CP as the sole corrosion prevention method for this part of the structure. 
AS 2832.3 covers fixed immersed structures and NACE standard RP0176 covers 
corrosion control, including cathodic protection, of offshore platforms. 
 
The current required for protection of offshore platforms is influenced by 
temperature, dissolved oxygen content and, especially, the flow velocity of the 
seawater. Increasing the velocity from 1 to 3 metres per second can more than 
double the current requirement for cathodic protection.   
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Table 4 shows typical current requirements in seawater. It is interesting to note 
that the current density requirement for Cook Inlet in Alaska, with swiftly flowing 
water and a low temperature (resulting in high dissolved oxygen content), is much 
higher than other sites. It must be stressed that such generic data are only a 
starting point, and more detailed investigations must be carried out for design.  
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Table 4: Effect of environmental factors of design current density. 

Region Water 
temp  
(ºC) 

Wave 
action 

Lateral 
water flow 

Design current 
density  

(mA/sq m) 
USA - Gulf of Mexico 22 Moderate Moderate 55 – 65 
USA - West coast 15 Moderate Moderate 75 – 105 
USA - Alaska (Cook Inlet) 2 Low High 380 – 430 
North Sea 0 – 12 High Moderate 85 – 215 
Persian Gulf 30 Moderate Low 55 – 85 
Indonesia 24 Moderate Moderate 55 – 65 
Australia – Bass Strait 10 – 20 Moderate Moderate 90 
Australia – NW Shelf 20 – 30 Moderate Moderate 65 
Seabed mud - - - 20 

 
Both galvanic and impressed current systems have been used for offshore 
platforms. Where galvanic anodes are used in seawater, the current supplied per 
anode for a nominated shape is higher than in soil due to the low resistivity 
electrolyte around the anode. Alloy economy is assessed on the cost to produce 
one ampere for one year so aluminium alloys are more economical than zinc 
alloys. Also, the weight of galvanic anode metal can be a factor on some 
structures. When attaching, the anodes are normally offset 30 cm or so from the 
structure to provide efficient current distribution. Sufficient long-life galvanic 
anodes to meet expected platform useful life often protect offshore platforms. For 
example, Rankin A platform off the north west shelf of Australia uses aluminium 
anodes with a design life of 25 years.  
 

Example: An offshore oil platform has been shown to require 650 amperes 
of cathodic protection. If the life is to be 20 years, how many 180 kg 
aluminium (Al-Zn-Hg) anodes will be required over its lifetime? 
 
Answer: From the figures given in Table 1, the useful anode consumption 
rate is 3.2 kg/amp-yr, so the total consumption of aluminium would be: 
  = 3.2 x 650 x 20 = 41,600 kg 
 
Assuming a utilisation factor of 0.85, the amount required is: 
  = 41600  0.85 = 48,941 kg 
 
Each anode is 180 kg, so total number is: 
  = 48,941  180 = 272 anodes. 
 

Alternatively, when the weight of a structure is critical, an impressed current 
system may be used. Far fewer anodes, each providing a larger current output (30 
to 200 amperes each) would normally be installed. The high output can result in 
overprotection of adjacent surfaces so anode position is critical. These may be 
suspended in calm conditions, or attached to the structure. Provision for anode 
and cable maintenance by divers must be made. Hybrid systems (impressed 
current with some sacrificial anodes) can be used so that protection is provided 
during commissioning when power may not be available. The Bass Strait platforms 
off the south east coast of Australia were provided with short life galvanic anodes 
for use during platform assembly at sea and production drilling. Power is then 
available for ICCP and that method then took over from the galvanic anodes.  
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used for severe environments where the current requirements for cathodic 
protection would be prohibitive. Table 3 shows that protecting steel in hot sulphuric 
acid with CP would require 400,000 mA per square metre, while the current 
requirements of anodic protection in this environment would be about 2% of this 
figure, once a passive film is formed. Anodic protection requires more complex 
equipment than cathodic protection, and its set up costs would be higher. 
However, running costs could be much lower but depend on current requirements. 
With anodic protection, the applied current is related to the corrosion rate of the 
protected system so is used to monitor instantaneous corrosion rate. Monitoring 
current has not proved reliable for CP, and potential monitoring is usually carried 
out.  
 

Table 5: Comparison of anodic and cathodic protection. 

 Anodic protection Cathodic protection 

Applicable metals Active – passive All 

Applicable environments Moderate to aggressive Mild to moderate 

Relative installation cost High Low 

Relative operating costs Low Medium 

Important parameter for monitoring Current Potential 
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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.  



 

28  www.corrosion.com.au                                             ACA 10 – Corrosion Technology – Cathodic and Anodic Protection 
                    © The Australasian Corrosion Association Inc 2013 

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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