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LL SHREIR1 QBE 1914-1992

Lionel Louis Shreir OBE, died on 5th November 1992 after a lifetime
devoted to the science and technology of corrosion and education. His
industrial career spanned a period of 19 years, from 1929 to 1948, during
which time he was employed by the Mond Nickel Company, Baker Platinum
Ltd and Plessey Ltd. At the same time he continued his higher education on
a part time basis at the Chelsea and Battersea Polytechnics and Sir John Cass
College in London. In 1948, he joined the staff of Battersea Polytechnic,
subsequently renamed the University of Surrey, eventually attaining the
position of Reader in Corrosion. In 1962 Lionel became Head of Metallurgy
of the Sir John Cass College (now London Guildhall University), a post he
enjoyed by greatly expanding the Department, its research and general
reputation until his retirement in 1979.

Lionel's contribution to corrosion was outstanding. In addition to his
encyclopedic work Corrosion, the present edition being dedicated to his
memory, he was author of more than 70 papers and was editor of Corro-
sion Science for many years. He was engaged as a consultant to a number
of organisations up to the time of his death whilst his research initiatives
covered many fields, including hydrogen in metals, anodic oxidation and
electrodeposition. He was the third recipient of the U. R. Evans Award in
1978 and was awarded the OBE in 1982 in recognition of his services to
corrosion. In this context, one of his most notable activities was to advise
on the protection of the Thames Barrier. In the past year a Lionel Shreir
Award was awarded for the first time by the Institute of Corrosion Science
and Technology.

Regardless of his achievements Lionel was kind, modest and a very caring
man. He will be affectionately remembered for his boundless energy and
infectious enthusiasm by his peers, colleagues, friends and the countless
past students privileged to have made his acquaintance during what was a
remarkably active life. R A JARMAN



PREFACE TO THE THIRD EDITION

The huge success of the first two editions of Corrosion has inevitably created
the demand for a third edition. Corrosion science and technology, like most
of the physical sciences, has progressed and advanced significantly in the
seventeen years since the second edition was published. Such knowledge
requires transferral from the laboratory and the journal literature to the
wider audience: the student, the teacher, the engineer, the metallurgist and
workers in other fields who require knowledge and understanding of the
interactions of materials with their environments. The previous two editions,
the fruits of Lionel Shreir's hard labours, have fulfilled this multiple role
admirably and the new editors hope that this new edition will continue to do
so. The fact that Lionel worked so hard on producing the third edition but
did not live to see its publication, is a personal and deeply poignant sorrow
for us, as it must be for the many readers of Corrosion who knew and
respected him as scientist and friend.

The ever-increasing research into corrosion, and the knowledge that this
produces is driven to a small part by the corrosion scientist him- or her-self
in seeking a detailed understanding of the intricacies of the interfacial pro-
cesses driving corrosion and passivation. Such a self-fulfilling drive cannot
of itself however, be indefinitely sustainable, despite the fascination that this
science engenders, since research is costly. Such advances are led primarily
by the continuing need to predict, control and prevent corrosion as an
engineering imperative. Corrosion science, multidisciplinary in itself, is pro-
bably unique in crossing the borders of almost all the technologies:
environmental stability of all components of those technologies remains a
prime requirement for their success. New technologies, new engineering prac-
tices, new materials and new processes can succeed only if the behaviour of
their components with the environment is satisfactory, and predictably so.
The eighties and nineties, and beyond, see a further need to underpin research
and development into corrosion and protection - the growing awareness of
the necessity for conservation, of materials and of energy, the so-called green
issues. Most materials and components made from them require large energy
resources to produce; clearly the quest for longevity and reliability of struc-
tures is a significant and worthy contribution towards conserving energy and
materials, quite additional to minimising the heavy cost of corrosion failures.

As with the second edition, the new volumes have been revised according



to the general format and structure of their antecedents. Some sections have
been completely rewritten to bring them up to date, while others have been
altered and extended. New sections have been included to cover areas not
previously treated. The incorporation of new authors to carry out such revi-
sions and additions is the inevitable consequence of the fact that thirty years
have elapsed since Corrosion first appeared. The multiplicity of authors for
the new edition leads (as with previous editions) to a variety of styles of
writing and variation in treatment and emphasis of subject matter. One
hopes this is beneficial to the work in providing a broader cross-section of
corrosion science and technology as a whole: it is for the reader and casual
user to judge. One hopes too, that the third edition remains a tribute to the
man who initiated Corrosion.

GTB
Cambridge



PREFACE TO THE FIRST EDITION

The enormous scope of the subject of corrosion follows from the definition
which has been adopted in the present work. Corrosion will include all reac-
tions at a metal/environment interface irrespective of whether the reaction
is beneficial or detrimental to the metal concerned — no distinction is made
between chemical or electropolishing of a metal in an acid and the adventi-
tious deterioration of metal plant by acid attack. It follows, therefore, that
a comprehensive work on the subject of corrosion should include an account
of batteries, electrorefining, chemical machining, chemical and electro-
chemical polishing, etc.

The fact remains, nonetheless, that the environmental reaction of a metal
used as a construction material is the most important type of corrosion reac-
tion, and the one of most concern to the engineer. The technological and
economic consequences of the wastage of metals by corrosion are now fully
appreciated, and figures have been published which show the enormous finan-
cial losses, both to the individual organisation and to the economy of the
country as a whole, resulting from the deterioration of metals. The need for
conserving metals has been publicised by Dr U. R. Evans, Dr J. C. Hudson,
Mr T. H. Turner, Professor H. H. Uhlig, Dr W. H. J. Vernon, and others,
and the 'corrosion consciousness' which prevails today is largely due to their
efforts.

In the light of what has been said above, little further explanation of the
implications of the title of the present work is required. Its treatment of the
subject of corrosion will centre round the control of the environmental inter-
actions of metals and alloys used as materials of construction.

The effective control of corrosion reactions must be based on an under-
standing of the mechanism of such reactions and on the application of this
knowledge to practical problems. The work, regarded as a whole, represents
an attempt, therefore, to present the subject of corrosion as a synthesis of
corrosion science and corrosion engineering. Thus in the planning of the
content an attempt has been made to strike a suitable balance between the
primarily scientific and the primarily practical aspects, and so the nature of
individual sections ranges from the fundamental and theoretical to the essen-
tially practical.

It is hoped that this approach has resulted in a work that will be of some



value to the student, the corrosion worker, and the engineer in the field of
corrosion.

Corrosion represents the joint effort of over 100 authors, all of whom have
been free, within the necessary limitations of length, to express their own
views. Grateful acknowledgements are made to the individual authors from
Great Britain, the United States, and Canada for their valuable and enthu-
siastic co-operation.

The task of the editor in finding suitable authors for various topics was
considerably lightened by the fact that the majority of corrosion specialists
in this country belong either to the Corrosion Group of the Society of
Chemical Industry or to the Institute of Metal Finishing, and acknowledge-
ments are made to Mr S. C. Britton (then Secretary, Corrosion Group) and
to Dr S. Wernick and Mr LS. Hallows (Hon. Secretary and Assistant Editor
respectively of the I.M.F.). The editor wishes to express his appreciation of
the considerable assistance received from Dr E. C. Rhodes and Dr G. L. J.
Bailey of INCO (Mond) in providing authors from this organisation.

The editor also acknowledges with pleasure the encouragement and assist-
ance he has received from Mr L. W. Derry (Head of Department of Metal-
lurgy) and Dr D. M. A. Leggett (Principal) of the Battersea College of
Technology, and from Dr A. M. Ward (Principal) of Sir John Cass College.

Throughout the course of this work the content and subject matter have
been discussed with various workers in the field, and the editor would like to
take this opportunity to thank Mr S. C. Britton, Professor C. W. Davies,
Dr T. P. Hoar, Dr E. C. Potter, and others for their advice and constructive
criticism.

He would also like to take this opportunity to express his appreciation to
Dr U. R. Evans and Dr W. H. J. Vernon for assistance given when he first
contemplated entering the field of corrosion, and for their encouragement
and advice in connection with the present work.

Finally, grateful acknowledgements are made by the editor to Mr T. F.
Saunders and Mrs N. E. Orna, M.A., of George Newnes (Technical Books)
for their kind co-operation at all stages of the work.

L.L.S.
1963
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INTRODUCTION

Corrosion Control

In Section 1.1 corrosion was defined simply as the reaction of a metal with
its environment, and it was emphasised that this term embraces a number of
concepts of which the rate of attack per unit area of the metal surface, the
extent of attack in relation to the thickness of the metal and its form (uniform,
localised, inter granular, cracking, etc.) are the most significant. The rate of
corrosion is obviously the most important parameter, and will determine the
life of a given metal structure. Whether or not a given rate of corrosion can
be tolerated will, of course, depend upon a variety of factors such as the
thickness of the metal, the function and anticipated life of the metal struc-
ture and the effect of the corrosion products on the environment, etc.

With metals used as construction materials corrosion control may be
regarded as the regulation of the reaction so that the physical and mechanical
properties of the metal are preserved during the anticipated life of the struc-
ture or the component. In relation to the term 'anticipated life* it should be
noted that this cannot be precise, and although the designer might be told
on the basis of information available at that time that the plant should last,
say, 10 years, it might be scrapped much earlier or be required to give more
prolonged service. It is also evident that, providing there are no restrictions
on costs, it is not difficult to design a plant to last at least 10 years, but quite
impossible to design one that will last exactly 10 years. Thus although under-
design could be catastrophic, over-design could be unnecessarily expensive,
and it is the difficult task of the corrosion engineer to avoid either of these
two extremes. A further factor that has to be considered is that in the pro-
cessing of foodstuffs and certain chemicals, contamination of the environ-
ment by traces of corrosion products is far more significant than the effect
of corrosion on the structural properties of the metal, and under these cir-
cumstances the materials selected must be highly resistant to corrosion.

Since corrosion involves a reaction of a metal with its environment, con-
trol may be effected through either or both of the two reactants. Thus control
could be based entirely on the selection of a particular metal or alloy in
preference to all others or the rejection of metals in favour of a non-metallic
material, e.g. by a glass-reinforced polymer (g.r.p.). At the other extreme
control may be effected by using a less corrosion-resistant material and



reducing the aggressiveness of the environment by (a) changing composition,
(b) removing deleterious impurities, (c) lowering temperature, (d) lowering
velocity, (e) adding corrosion inhibitors, etc.

Although it has been found to be convenient to present this work in the
form of two volumes entitled Metal/Environment Reactions and Corro-
sion Control, it is evident that this separation is largely artificial, and
that a knowledge of the various types of corrosion behaviour of different
metals under different environmental conditions is just as important for
corrosion control as the protective treatments that have been collated in this
volume.

In many structures and components the choice of a metal and alloys is
based largely on their engineering properties, but it is seldom that their
resistance to corrosion can be ignored completely; at the other extreme
corrosion resistance may be of predominant importance, but even so the
engineering properties cannot be neglected. Availability is frequently of
over-riding importance, and it is quite futile to specify a particular alloy and
then to find that it cannot be manufactured and delivered to the fabricators
for a year or more. Fabrication technology and fabrication costs will also
have to be considered, and in certain cases a more expensive alloy will be
preferable to a cheaper one with adequate corrosion resistance that is more
difficult to fabricate, e.g. an 18% Cr-8% Ni austenitic stainless steel is fre-
quently selected in preference to a cheaper ferritic 11% Cr stainless steel,
since the latter is more difficult to weld than the former, although its corro-
sion resistance may be adequate.

Costs must always be considered, but it does not follow that an inexpen-
sive metal or alloy will prove to be the cheapest in the long term; platinum
and platinum alloys are used in certain applications and apart from their
high corrosion resistance have been a wise investment for the purchaser.
However, mild steel, which has good mechanical properties, is readily
available in a variety of forms and easily fabricated, is frequently preferred
to more corrosion-resistant alloys for large structures, and its poor resistance
to corrosion is counteracted by means of protective coatings, cathodic
protection, conditioning the environment, etc.

Classification of Practical Methods of
Corrosion Control

In 1957 the late Dr W. H. J. Vernon1 presented an outline scheme of
'Methods of Preventing Corrosion' in which four categories were defined,
i.e. (a) modification of procedure, (b) modification of environment, (c)
modification of metal, and (d) protective coatings; the scheme also indicated
the suitability of the method for protecting a metal in different natural
environments.

Table 0.1 provides a more comprehensive scheme of methods of corrosion
control, in which it has been considered appropriate to include 'Corrosion
Testing and Monitoring' and 'Supervision and Inspection', since, as will be
discussed subsequently, these can be of some importance in ensuring that the
material, coating or procedure provides effective protection. No attempt has
been made to include environments for the very good reason that a particular



method may be equally suitable for a number of environments of diverse
nature, e.g. a stainless steel may be used for a high-temperature oxidising
environment or for an ambient-temperature aqueous environment; cathodic
protection may be used for a variety of aqueous environments ranging from
fresh waters to wet-clay soils.

Table 0.1 shows the enormous scope of corrosion control, and serves to
emphasise the fact that it is just as important to avoid certain features in the
design of a structure as to apply a particular protective scheme, and it is also
apparent from Method I that many of the factors that determine the choice
of a metal or a particular protective scheme are outside the realm of metallic
corrosion.

It is almost axiomatic amongst corrosion engineers that corrosion control
should be given due consideration at the design stage of the structure, and
much has been said and written2 about stimulating corrosion consciousness
in design engineers who normally make the decisions concerning materials
selection and methods of protection. There is no doubt that the incidences
of corrosion failure could be substantially reduced if due consideration were
given to corrosion hazards during the design stage, a point that was
emphasised strongly in the Hoar Report3. However, the design engineer is
frequently too involved in the stability and proper functioning of the struc-
ture to be overconcerned about corrosion protection, particularly when
hazards such as stress-corrosion cracking are unlikely to arise. It follows
that all too frequently corrosion control has to be effected when the design
has been finalised and at a stage when the corrosion hazards that have been
inadvertently built into the structure cannot be altered, and under these
circumstances considerable ingenuity has to be exercised by the corrosion
engineer. Fortunately, many methods of corrosion control such as cathodic
protection, conditioning the environment, protective coatings, etc. can be
applied after the structure is designed and constructed, and although this is
by no means an ideal situation it is one that has to be lived with.

It is evident from Table 0.1, and bearing in mind the enormous variety of
materials that are now available, that the choice of a particular method for
controlling the corrosion of a given system is an extremely difficult task, and
it is seldom that a particular method has so many advantages that it presents
the obvious and only solution to the problem when all factors are taken into
consideration; frequently, the final decision is based upon a compromise
between effectiveness of protection and the cost of its implementation. For
heat exchangers using sea-water as a coolant a variety of alloys are available
ranging from the aluminium brasses to titanium; the latter might be the
obvious choice for highly polluted sea-water, but at the present the cost
could be prohibitive although for certain applications (de-salination of sea-
water) titanium could be a serious competitor to the cupro-nickel alloys.

The continuous development of new materials has resulted in changing
attitudes towards materials selection for corrosion control, and the range of
materials now available can be gauged from the Materials Selector Review4,
which becomes considerably thicker each time it is updated. Plastics are
replacing metals for a variety of applications and a recent application is the
use of g.r.p. in place of metals for the construction of hulls of hovercrafts;
the corrosive action of the high velocity spray of sea-water is such that very
few metals are capable of withstanding it and the use of g.r.p. represents the



best combination of strength, impact resistance, rigidity, lightness and cor-
rosion resistance.

Table 0.1 Outline of methods of corrosion control

1. Selection of materials

Select metal or alloy (or non-metallic material) for the particular environmental conditions
prevailing (composition, temperature, velocity, etc.) taking into account mechanical and
physical properties, availability, method of fabrication and overall cost of structure. Decide
whether or not an expensive corrosion-resistant alloy is more economical than a cheaper metal
that requires protection and periodic maintenance.

2. Design

If the metal has to be protected make provision in the design for applying metallic or non-
metallic coatings or applying anodic or cathodic protection. Avoid geometrical configurations
that facilitate corrosive conditions such as

(a) Features that trap dust, moisture and water.
(b) Crevices (or else fill them in) and situations where deposits can form on the metal surface.
(c) Designs that lead to erosion-corrosion or to cavitation damage.
(d) Designs that result in inaccessible areas that cannot be re-protected, e.g. by maintenance

painting.
(e) Designs that lead to heterogeneities in the metal (differences in thermal treatment) or in

the environment (differences in temperature, velocity).

3. Contact with other materials

Avoid metal-metal or metal-non-metallic contacting materials that facilitate corrosion such as
(a) Bimetallic couples in which a large area of a more positive metal (e.g. Cu) is in contact

with a small area of a less noble metal (e.g. Fe, Zn or Al).
(b) Metals in contact with absorbent materials that maintain constantly wet conditions or in

the case of passive metals that exclude oxygen.
(c) Contact (or enclosure in a confined space) with substances that give off corrosive

vapours, e.g. certain woods and plastics.

4. Mechanical factors

Avoid stresses (magnitude and type) and environmental conditions that lead to stress-corrosion
cracking, corrosion fatigue or fretting corrosion.

(a) For stress-corrosion cracking avoid the use of alloys that are susceptible in the environ-
ment under consideration, or if this is not possible ensure that the external and internal
stresses are kept to a minimum.

(b) For a metal subjected to fatigue conditions in a corrosive environment ensure that the
metal is adequately protected by a corrosion-resistant coating.

(c) Processes that induce compressive stresses into the surface of the metal such as peening,
carburising and nitriding are frequently beneficial in preventing corrosion fatigue and
fretting corrosion.

5. Coatings

If the metal has a poor resistance to corrosion in the environment under consideration make
provision in the design for applying an appropriate protective coating such as

(a) Metal reaction products, e.g. anodic oxide films on Al, phosphate coatings on steel (for
subsequent painting or impregnation with grease), chromate films on light metals and
alloys (Zn, Al, Cd, Mg).

(b) Metallic coatings that form protective barriers (Ni, Cr) and also protect the substrate by
sacrificial action (Zn, Al or Cd on steel).

(c) Inorganic coatings, e.g. enamels, glasses, ceramics.
(d) Organic coatings, e.g. paints, plastics, greases.

Note. Prior to applying coatings adequate pretreatment of the substrate is essential.



Table 0.1 (continued)

6. Environment

Make environment less aggressive by removing constituents that facilitate corrosion; decrease
temperature, decrease velocity*; where possible prevent access of water and moisture.

(a) For atmospheric corrosion dehumidify the air, remove solid particles, add volatile corro-
sion inhibitors (for steel).

(b) For aqueous corrosion remove dissolved O^, increase the pH (for steels), add inhibitors.

7. Interfacial potential

(a) Protect metal cathodically by making the interfacial potential sufficiently negative by (i)
sacrificial anodes or (ii) impressed current.

(b) Protect metal by making the interfacial potential sufficiently positive to cause passivation
(confined to metals that passivate in the environment under consideration).

8. Corrosion testing and monitoring

(a) When there is no information on the behaviour of a metal or alloy or a fabrication under
specific environmental conditions (a newly formulated alloy and/or a new environment)
it is essential to carry out corrosion testing.

(b) Monitor composition of environment, corrosion rate of metal, interfacial potential, etc.
to ensure that control is effective.

9. Supervision and inspection

Ensure that the application of a protective coating (applied in situ or in a factory) is adequately
supervised and inspected in accordance with the specification or code of practice.

*Note. For passive metals in solutions free from other oxidising species the presence of dissolved O2 at all parts of the metal's
surface is essential to maintain passivity and this can be achieved in certain systems by increasing the velocity of the solution.

There is a great deal of information available on the corrosion resistance
of metals and alloys in various environments and this aspect of corrosion
control has been dealt with in Volume 1. Reference should also be made to
Rebald's Corrosion Guide5 which gives the corrosion resistance of metals
and alloys in over 500 chemicals, to the N.A.C.E. Corrosion Data Survey*
and to Dechema Materials Tables1. However, in spite of all this informa-
tion environments and/or environmental conditions will be encountered for
which corrosion data is not available, and under these circumstances it will
be necessary to initiate a programme of corrosion testing (Table 0.1, Method
8), which must be regarded, therefore, as an aspect of corrosion control.
Corrosion testing is, of course, vitally important in ensuring that an alloy
conforms to specifications, particularly when maltreatment can result in
the precipitation of phases that lead to intergranular attack or to a suscep-
tibility to stress-corrosion cracking. It is also important when conditioning
the environment (control of oxygen concentration and pH, addition of
inhibitors) to ensure that this is being carried out effectively by monitoring
the environment and/or the corrosion rate of the metal, monitoring the
potential (as in cathodic and anodic protection), etc.

Paints are one of the most important methods of corrosion control, but
it is well known that many cases of failure result from inadequate surface
preparation of the metal and careless application of the paint system; pro-
cedures that are often carried out under adverse or unsuitable environmental
conditions by labour that is relatively unskilled. A great deal of research and



Table 0.2 More fundamental classification of corrosion control8

Examples

Additions of Au to Cu, or Cu to Ni

Lower aH+ by raising pH, remove dissolved O2 or
other oxidising species

Increase aMz+ by removing complexants (e.g. CN"
ions) from solution

Use of inert atmospheres (H2 , N2 , A) or of vacuo

Au coatings on Cu

Change the nature of the cathode metal in a
bimetallic couple; plate cathodic metal (Cd
plating of steel in contact with Al); apply paint
coatings. Reduce area of cathodic metal

Remove heavy metal impurites from Zn, Al, Mg (for
use as sacrificial anodes or in the case of Zn for
dry cells); ensure that CuAl2 phase in Duralumin
and carbide phase in stainless steel are maintained
in solid solution

Amalgamation of zinc; alloying commercial Mg
with Mn

Reduce 0H+, reduce O2 concentration or
concentration of oxidising species; lower
temperature, velocity agitation

Cathodically protect by sacrificial anodes or
impressed current; sacrificially protect by
coatings, e.g. Zn, Al or Cd on steel

Formation of calcareous scales in waters due to
increase in pH; additions of poisons (As, Bi, Sb)
and organic inhibitors to acids

Method of corrosion control

Alloy with a more thermodynamically
stable metal

Lower the redox potential of the
solution, i.e. lower Ecq.jC

Increase the potential of the M2+ /M
equilibrium, i.e. increase Ecq a

Remove O2 or other oxidising gases in
which the metal is unstable

Coat with continuous film of a
thermodynamically stable metal

Decrease kinetics of cathodic reaction

Remove cathodic impurities; ensure
that anodic phases do not
precipitate

Increase cathodic overpotential

Reduce kinetics of cathodic reaction

Lower potential of metal

Cathodic inhibition

Part of system involved

Metal

Environment (aqueous)

Environment (gaseous)

Metal surface

Metal

Environment

Principle of method

(a) Increase thermodynamic
stability of the system

(b) Metal cathodic control



Table 0.2 (continued)

Examples

Alloying Fe with Cr and Ni

Additions of low concentrations of Cu, Cr and Ni
to steel

Additions of Pt, Pd and other noble metals to Ti,
Cr and stainless steels

Anodic protection of steel, stainless steel and Ti
Passivation of stainless steel by additions of O2,

HNO3 or other oxidising species to a reducing
acid

Additions of chromates, nitrates, benzoates, etc. to
neutral solutions in contact with Fe; inhibitive
primers for metals, e.g. red lead, zinc chromate,
zinc phosphate

Cr coatings on Fe

Polishing stainless steel and removing Fe impurities
by HNO3 ; chromate treatment of Al

Organic coatings that increase IR drop between
anodic and cathodic areas

Design to facilitate drainage of water; drainage of
soils

Method of corrosion control

Alloy to increase tendency of metal to
passivate

Alloying to give more protective
corrosion products

Introduction of electrochemically
active cathodes that facilitate
passivation

Raise potential by external e.m.f
Increase redox potential of solution

Addition of anodic inhibitors

Coatings of metals that passivate
readily

Surface treatments to facilitate
formation of passive film

Coatings

Removal of water or electrolytes that
increase conductivity

Part of system involved

Metal

Environment

Surface

Surface

Environment

Principle of method

(c) Increased anodic control

(d) Resistance control



development followed by an extensive programme of corrosion testing is
required before a paint system is incorporated in a specification or code of
practice, but all this effort will be fruitless unless the work is carried out pro-
perly, and for this reason effective supervision and inspection is essential.
Similar considerations apply, of course, to factory-applied coatings such as
sprayed, hot-dipped and electroplated coatings.

Finally, it is necessary to point out that although a particular method of
corrosion control may be quite effective for the structure under consideration
it can introduce unforeseen corrosion hazards elsewhere. Perhaps the best
example is provided by cathodic protection in which stray currents (inter-
action) result in the corrosion of an adjacent unprotected structure or of
steel-reinforcement bars embedded in concrete; a further hazard is when the
cathodically protected steel is fastened with high-strength steel bolts, since
cathodic protection of the latter could result in hydrogen absorption and
hydrogen cracking.

More Fundamental Classification

Any fundamental classification of corrosion control must be based on the
electrochemical mechanism of corrosion, and Evans diagrams may be con-
structed (Fig. 1.27, Section 1.4) illustrating
(a) Decreasing the thermodynamics of the corrosion reaction.
(b) Increasing the polarisation of the cathodic reaction (cathodic control).
(c) Increasing the polarisation of the anodic reaction (anodic control).
(d) Increasing the resistance between the cathodic and anodic sites

(resistance control).

Tomashov8 has produced a detailed scheme of control based on the elec-
trochemical mechanism of corrosion, which has been set out in an abridged
and modified form in Table 0.2. However, although more fundamental than
Table 0.1, it has several limitations, since it is not always possible to define
the precise controlling factor, and frequently more than one will be involved.
Thus removal of dissolved oxygen (partial or complete) from an aqueous
solution reduces the thermodynamics of the reaction and also increases the
polarisation of the cathodic reaction, and both contribute to the decrease in
the corrosion rate although the latter is usually the more significant.

The primary function of a coating is to act as a barrier which isolates the
underlying metal from the environment, and in certain circumstances such
as an impervious continuous vitreous enamel on steel, this could be regarded
as thermodynamic control. However, whereas a thick bituminous coating
will act in the same way as a vitreous enamel, paint coatings are normally
permeable to oxygen and water and in the case of an inhibitive primer (red
lead, zinc chromate) anodic control will be significant, whilst the converse
applies to a zinc-rich primer that will provide cathodic control to the
substrate.

Tomashov considers that greater effectiveness of control may be achieved
by using more than one method of protection, providing that they all affect
the same controlling factor. Thus chromium is alloyed with iron to produce
an alloy that relies on passivity for its protection, and passivation can be



enhanced by raising the redox potential of the solution, by alloying it with
platinum or palladium, or by raising the potential by an external source of
e.m.f. However, there is no reason why stainless steel should not be
cathodically protected, and although this appears to be a contradiction it is
sometimes necessary, particularly when the stainless steel is in contact with
a mild steel.

Conclusions

1. The selection of a particular method of corrosion control is by no
means simple and a variety of factors will have to be considered before a final
decision is taken, particularly when there is no previous experience of the
corrosiveness of the environment or the alloy under consideration.

2. It is just as important to avoid design features in the structure that
facilitate corrosion as to apply positive protective schemes, an aspect of cor-
rosion control that is frequently neglected.

3. Corrosion testing and monitoring, and supervision and inspection are
essential aspects of corrosion control.

L. L. SHREIR
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