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PREFACETO 1STEDITION

The enormous scope of the subject of corrosion follows from the definition
which has been adopted in the present work. Corrosion will include all
reactions 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
adventitious deterioration of metal plant by acid attack. It follows, there-
fore, that a comprehensive work on the subject of corrosion should include
an account of batteries, electrorefining, chemical machining, chemlcal and
electrochemical pohshmg, etc.

The fact remains, nonetheless, that the environmental reaction of a metal
used as a construction material is the most important type of corrosion
reaction, 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
financial 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
essentially 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.

ix
STRATASYS, INC. EXHIBIT 2017
IPR2025-00257, Page 3



X PREFACE TO FIRST EDITION

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
enthusiastic 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 L. S. Hallows (Hon. Secretary and Assistant Editor
respectively of the . 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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PREFACETO 2ND EDITION

Corrosion was first published in 1963 and with the appearance of the 2nd
edition it is of interest to look back over the intervening years and to consider
the progress that has been made in the science and technology of the cor-
rosion and protection of metals. The word ‘corrosion’ signifies ‘destroy
gradually, decay, disease’ and over the years attempts have been made to find
an alternative that would have a more positive connotation and that would
be more attractive to the young student with a leaning towards the applied
sciences. Unfortunately, an appropriate word has proved to be elusive,
although in this respect other technologies have succeeded where ‘the cor-
rosionist’ has failed; tribology and terotechnology, to name but two, have
without doubt the imposing sound that corrosion lacks. The difficulty is over-
come to some extent by using expressions such as ‘corrosion control’,
‘corrosion protection’, etc. but the unfortunate word ‘corrosion’ cannot be
dispensed with. '

Strangely, and in spite of its name, ‘corrosion’ continues to flourish and
has now become an established academic discipline, and if the quality and
quantity of scientific publications and books are criteria of its importance,
then the story of corrosion over the past decade or so is one of outstanding
success. In the United Kingdom there are now Professors of Corrosion
Science at the University of Manchester and Imperial College, London, and
there are also a number of others, who although not designated as such have
made their reputation by their work in this field. There are now a number of
universities and polytechnics with departments that specialise in corrosion
and provide courses in the subject for undergraduate and postgraduate
students; there are three MSc courses devoted solely to corrosion and pro-
tection and a number of others in which it is given some prominence.

The importance of the subject is also reflected in the establishment of a
Corrosion and Protection Centre at the University of Manchester Institute of
Science and Technology, under the direction of Professor G. C. Wood, the
first Professor of Corrosion Science in this country, and more recently a
special advisory centre has been established at the National Physical
Laboratory.

Progress has also been made in establishing corrosion protection as a
reputable professional activity, and the recent merger of the Institute of
Corrosion Technology and the Corrosion and Protection Association to

vii
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viii PREFACE TO SECOND EDITION

form the Institute of Corrosion Science and Technology represents an im-
portant step in that direction. It is hoped that the new Institute will follow in
the footsteps of the well established National Association of Corrosion
Engineers in stimulating courses, publications, standards and research in the
field of metals protection.

This progress, which will undoubtedly continue, stems from a number of
factors and due acknowledgement must be made to the early workers in this
field who did so much to give corrosion its present status. Of more recent
origins is the awareness by government of the cost of corrosion to the
economy of the country as a whole, to industry, and to the individual con-
sumer, and it is evident that the technology for the preservation of metals
from the ravages of corrosion will become of increasing importance.

The present edition of Corrosion represents a complete revision of the 1st
edition which was published in 1963, and although the philosophy and
structure of the book have remained unchanged (see Preface to 1st edition)
several new sections have been added, which should make the work more
comprehensive. Over the past 13- 14 years the scope of the subject has
increased enormously, and this means that a detailed treatment of each
aspect of corrosion is not possible even in a work that extends to two
volumes, and contains approximately 2300 pages. Nevertheless, it is hoped
that Corrosion in its revised form will make a valuable contribution to ‘better
dissemination of existing knowledge’ in this important field of materials

conservation.
L.L.S.
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Foreword by J. B. Cotton, Esq.,

Chairman, Department of Industry Corrosion Committee
(1972-75)

The fact that the first edition of this book met with such success demonstrates
that its initial publication filled a long standing need. Since its first appearance
in 1963, knowledge of corrosion science and technology has increased
enormously and several significant developments have occurred that have
made it essential to produce a revised, up-dated edition.

An event of the utmost significance was the attempt to survey, compre-
hensively and quantitatively, the cost of corrosion to the United Kingdom.
This task, sponsored by the then Department of Trade and Industry in 1969,
was undertaken by a Committee, chaired by Dr T. P. Hoar. The results, con-
tained in the Report of the Committee on Corrosion and Protection, pub-
lished by HMSO in 1971, put the annual cost of corrosion in the UK at
£1365M. More importantly, it was estimated that of this sum, £310M could
be saved if the available knowledge on corrosion prevention was fully applied
in practice. It is fair to say that the new edition of Corrosion sets down the
basic knowledge that needs to be applied in recouping this loss.

The selection of the most appropriate system for corrosion prevention and
its translation into industrial practice is, however, often a complicated pro-
cedure, in which the true economic benefit has to be assessed and appreciated
before investment in a protective scheme can be justified. Although the book
is sufficiently comprehensive to provide the answer to many corrosion
problems, an individual system may often require a level of judgement and
expertise that it is not possible to include in any work of reference, however
detailed, and for the non-expert this book also indicates areas where it is
advisable to seck further advice.

The major finding of the Hoar Report was the need for (a) better dissemi-
nation of information on corrosion and protection, (b) more education in
corrosion and protection, and (c¢) an increased awareness of the hazards of
corrosion, and it was to pursue these objectives in the economic interests of
the nation that the Department of Industry Committee on Corrosion was
established in 1973. A comprehensive work of reference, such as this book, is
an essential aid to achieving the Committee’s objectives and had a book of
sufficient scope not existed it would have been necessary to produce one.
Fortunately, the up-dating and revision of a book that has already estab-
lished itself as an authoritative source of information on the subject has been
completed so that publication can take place almost coincidentally with the

v
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vi FOREWORD

opening of the National Corrosion Service at Teddington. These develop-
ments, together with the expansion of advisory facilities that is also taking
place at existing centres, should ensure that industry in the UK is not lacking
in the provision of advice upon protection against corrosion,

Corrosion knows no national boundaries, and this book should be of great
value, therefore, to countries throughout the world and in particular to those

where advisory services are non-existent.
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15.8 Protective Coatings for
Underground Use

Introduction

The general conception of a paint is of a cold-applied material containing
thinners which evaporate to leave a higher molecular-weight base protective,
of 25-50 um thickness per coat. For buried or submerged structures, where
maintenance is difficult or even impossible and a degree of physical protection
is also necessary, such thin protective paint barriers between metal and the
corrosive electrolyte environments of soil or water are usually quite inade-
quate. In relatively non-corrosive soil, thin bituminous coatings on thick cast
iron may be satisfactory, but this is the exception rather than the rule. In
dealing with underground structures, therefore, the thicker protectives
needed are regarded as coatings rather than as paint finishes,

The most usual forms of buried metal structures are pipelines, piles, tanks
and power and telephone cables. Power cables must usually have some metal
protection, covered by expensive continuous factory-applied sheathings of
considerable thickness. Since water, gas and petroleum pipelines provide the
greatest area of metal surfaces to be protected below ground, a detailed dis-
cussion of the protection given to them would appear to be the best means
of dealing with coatings for underground use.

Improvements are continually being made in the quality of coating
materials and their application, but it is still difficult to produce at economic
cost a permanent coating for a buried pipeline. The disruptive effects of
handling, construction, penetration by rocks, soil stress, material ageing, etc.
inevitably result in areas of bare metal being exposed to corrosive soil electro-
lyte at isolated locations, with ultimate pitting or holing of the metal. The
aim is to supply the best possible coating at economic cost and to provide
for any initial or later failures by application of cathodic protection. The
combination of coating with cathodic protection shows the greatest economic
advantage.

In pipelining, the trend i1s towards all-welded steel for long lines, and
since the wall thickness is less than that of cast iron, protection is the more
important, Many types of coating are used, from thick concrete to thin paint
films, and each has its own particular suitability, but the majority of pipelines
throughout the world today are coated with hot-applied coal tar or petroleum
asphalt-base-filled pipeline enamels. into which reinforcing wraps, such as
glass fibre are applied.

15:81
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15:82 PROTECTIVE COATINGS FOR UNDERGROUND USE

The use of coatings applied in the form of tape is also increasing. Poly-
ethylene and polyvinyl chloride films, either self adhesive or else supporting
films of butyl adhesive, petrolatum or butyl mastic are in use as materials
applied ‘cold” at ambient temperatures. Woven glass fibre or nylon bandage
is also used to support films of filled asphalt or coal tar and these are softened
by propane gas torches and applied to the steel surface hot, cooling to form
a thick conforming adherent layer.

Recently, sheets of high density polyethylene extruded on to the pipe
surface over an adhesive have become available and the use of polyethylene
or epoxy powders sintéred on to the steel surface is becoming more frequent.

Some use has been made in the water industry of loose envelopes of poly-
ethylene sheeting and with the increasing lengths of submarine pipeline
requiring heavy concrete coatings for reducing buoyancy, the use of a
heavily filled bituminous coating is projected.

In the special case of pipelines operating at relatively high temperatures
such as for the transmisston of heavy fuel oil at up to 85°C, heat insulation
and electrical insulation are provided by up to 50mm of foam-expanded
polyurethane. As a further insurance against penetration of water, and to
prevent mechanical damage, outer coatings of polyethylene (5 mm), butyl
laminate tape (0-8 mm) or coal-tar enamel reinforced with glass fibre
(2-5 mm) have been used.

Properties Required of Buried Coatings

The aim in applying a coating to a buried metal such as a pipeline is to
prevent electrical contact with an electrolyte such as soil and/or water. The
characteristics required are as follows:

1. Ease of application. It must be possible to apply the coating in the
factory or in the field at a reasonable rate and to handle the pipe
reasonably quickly after the coating has been applied without damag-
ing the coating.

2. Good adhesion to the metal. The coating must have an excellent bond to
steel. Priming systems are frequently used to assist adhesion..

3. Resistance to impact. The coating must be able to resist impacts
without cracking.

4. Flexibility. The coating must be flexible enough to withstand such
deformation as occurs in bending, testing or laying, as well as any
expansion or contraction due to changes in temperature. 1t must not
develop cracks during cooling after application or curing.

5. Resistance to soil stress. The coatings are often subject to very high
stresses, due, for instance, to the contraction of clay soil in dry weather,
and they must be able to resist such stresses without damage.

6. Resistance to flow. The coating should show no tendency to flow from
the pipe under prevailing climatic conditions. It must not melt or sag
in the sun and it must have sufficient resistance not to be displaced
from the underside of large-diameter pipes.

7. Water resistance. Coatings must show a negligible absorption of water
and must be highly impermeable to water or water-vapour trans-
mission.

STRATASYS, INC. EXHIBIT 2017
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PROTECTIVE COATINGS FOR UNDERGROUND USE 15:83

8. High electrical resistance. The coating must be an electrical insulator
and must not contain any conducting material.

9. Chemical and physical stability. The coating must not develop ageing
effects, e.g. denaturing due to absorption of the lower-molecular-
weight constituents, or hardening with resultant cracking from any
cause including oxidation. It should be stable at operating temper-
atures.

10. Resistance to bacteria. The coating must be resistant to the action of
soil bacteria.

11. Resistance to marine organisms. In the case of submarine lines, the
coating should not be easily penetrated by marine life, e.g. mussels,
borers, barnacles, etc.

These characteristics cover the general ideal for a pipeline coating, but
obviously modified conditions may impose requirements which are more,
or less stringent ; this of course also applies to other types of buried structures.

Preparation of Metal Surface

Before applying a protective coating it is essential to ensure that the surface
is free from rust, millscale, moisture, loose dust, or any other incompatible
material which might prevent the electrically non-conducting coating from
bonding properly with the metal surface or which might produce defects in
the continuous film.

The following cleaning methods are available and each may have a par-
ticular advantage in given circumstances:

(a) Mechanical cléaning. Hand or mechanical wire brushing, impacting
or abrading are methods suitable for hot applied coatings, for repairs
to damaged areas or for relatively small or inaccessible areas. Visual
standards to assess the degree of cleanliness are available but are not
commonly used.

(b)Y Blast cleaning. Air-blast or centrifugally-impacted sand, shot or grit
are appropriate for thin-film multicoat systems or for continuous
factory production. Several visual standards are available. The cost of
attaining a very high standard of cleanliness is considerable, and care-
ful consideration should always be given to specifying the correct level
of blasting for the particular application.

(¢) Pickling. Dipping in inhibited hydrochloric or sulphuric acid is
commonly used in factory production, particularly in conjunction with

“hot phosphoric acid dipping (Footner process). The considerable
facilities necessary for this method limit its use to the larger steel pro-
ducers. Published standards are available for the phosphate surface
conversion coating process.

(d) Flame cleaning. This is appropriate only for field repair work where a
dry or warm surface can be obtained only by flame application and
must be preceded usually by mechanical cleaning.

(e) Pipeline travelling machine. For long runs on continuously-welded
pipelines, a machine with rotary wire brushes and/or impact tools and
cutting knives may be used to prepare the surface. These machines,
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15:84 PROTECTIVE COATINGS FOR UNDERGROUND USE

which are self-propelled along the pipe itself, are commonly combined
with drip or spray apparatus-to apply the primer which is spread over
the surface by rugs or brushes so that the prepared surface is im-
mediately primed.

No matter which method of cleaning is adopted, it is desirable to apply
the primer or coating immediately after the cleaning operation.

The preparation of the metal surface to receive the protective coating is
of prime importance since a coating which is not bonded to the metal surface
can allow electrolytes to contact the metal, with resultant corrosion. If water
films develop between the metal and the electrically non-conductive coating,
cathodic protection becomes ineffective.

Coating Techniques
Dipping, Spraying and Brushing

These methods are generally appropriate for either thin-film solvent-based
paints or for coatings up to about 150 pm thickness. The techniques are more
usually used for the priming layer of the coating systems.

Factory or Yard Application

Protective coatings applied at a factory have the advantage that the work
can be carried out under strictly controlled conditions but suffer from the
disadvantage that they may be damaged during transport to the site.

Pipes are frequently shot-blasted or descaled by acid pickling, then phos-
phated, either sprayed with primer or dipped into a bath of hot asphalt to
provide a thin prime coat. The dry primed pipes are then slowly rotated by a
lathe head, while hot enamel, mastic or asphalt/micro-asbestos paste is
applied from a hopper travelling alongside the pipe. A pipe coating approxi-
mately Smm thick is produced by use of a heated pallet attached to the
hopper feed. Reinforced-glass wrapping materials may also be spirally
wound on to the coating according to requirements.

‘Rolling Rig’, ‘Fixed-head” and ‘Rotating-head’ Coating
Machines

The coating equipment under this heading may be used in permanent fac-
tories, but is often set up at temporary coating yards close to the location
where the pipes are to be laid. The coating produced is usually 2-3 mm per
pass.

Rolling rig machines The rolling rig machine rotates the cleaned and primed
pipe on mechanically driven ‘dollies’, while a tank travelling alongside the
pipe floods it with hot asphalt or coal-tar-base enamel.

At the same time internal and external reinforcing wraps may be spirally
wound into or on to the hot enamel.
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PROTECTIVE COATINGS FOR UNDERGROUND USE 15: 85

Fixed-head machines Fixed-head machines are fed with the cleaned and
primed pipe, which mechanically rotates as it passes through the fixed coating
head which floods the hot enamel on to the pipe. At the same time reinforcing
wraps are pulled on to the rotating pipe.

Rotating-head machines In rotating-head machines the coating head and
wrapping spindles rotate as the pipe is fed through the machine.

Pipeline Travelling Machines

In the case of long continuously-welded steel pipelines the above pipe-coating
methods present the disadvantage that the joints have to be coated in the field
after welding. To overcome this difficulty equipment which travels along the
welded pipeline has been developed.

A mechanically propelled cleaning machine travels along welded lengths
of the pipeline. The machine has counter-rotating cutting knives or brushes,
and also applies by rotating swabs, a thin coating (cold application) of
primer to the clean metal surface. When the primer is dry, a coating and
wrapping machine travels along the pipeline.

The wrapping materials usually consist of staple glass tissue, pulled half-
way into the hot enamel, and an outer wrap of glass impregnated with
coal-tar or asphalt enamel to produce a coating of approximately 2-5 mm as

shown in Fig. 15.7.

OUTER GLASS, ASBESTOS
OR KRAFT PAPER WRAP

FILLED COAL TAR OR
ASPHALT BASE ENAMEL

Fig. 15.7 Type of coating produced by

mechanical flood coat and wrap machine
GLASS FIBRE TISSUE

PIPE WALL

These machines can coat and wrap up to Skm of pipeline per day. After
the coating has been checked for pin holes by a high-voltage rolling-spring
electrode, the pipe may be lowered directly into the trench, so that undue
handling is avoided. The line travelling machine is usually used with coal
tar or asphalt-base pipeline enamels. Similar line travelling machines are in
‘use for the cold application of tape coatings.

Types of Coating Materials

Plasticised Coal Tar and Petroleum Asphalt Enamels

The majority of pipelines today are coated with hot-applied plasticised coal
tar or petroleum asphalt enamels. Both coal-tar pitch and petroleum asphalt

have been used as protectives with and without filling materials. When filled
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15:86 PROTECTIVE COATINGS FOR UNDERGROUND USE

they are termed enamels or mastics. The term bitumen or bituminous has
always been loosely applied and it is preferable to specify petroleum asphalt
base or coal-tar pitch base.

Straight and filled enamels Fillers are normally added up to a maximum
of about 309, weight (calculated on the mixture) which is equivalent to
about 15 to 20%, by volume. A filled coal-tar pitch has a higher softening tem-
perature (as shown by the ‘ring and ball’ test) than the unfilled material,
which results in a reduced tendency to flow. This fact is important in tropical
countries or if a pipe is to operate at a somewhat elevated temperature.
Resistance to impact and abrasion of a coating is improved by the filler.
The viscosity of the pipe coating is also increased; this entails a higher
application temperature (193-249°C).
A satisfactory filler must have the following characteristics:

1. Low water absorption. In this respect certain fine clays are unsuitable.

2. Ability to be readily wetted by the enamel. '

3. Finely-ground composition, particles preferably of laminar shape to
prevent settling when the enamel is molten.

4. Relatively low specific gravity, so that there is the minimum tendency
for the filler to settle-out in the melting kettle.

In present-day practice the materials which are commonly used and which
satisfy most closely these requirements are talc, pumice powder, micro-
asbestos and slate powders.

It must be appreciated that there is an optimum percentage of filler which
imparts to a coating the required melting point and toughness; beyond this
point application becomes more difficult and watertightness may be
impaired.

Petroleum asphalt or coal-tar pitch as coatings The question of whether
coal-tar pitch or petroleum asphalt is the more suitable for the coating of
underground pipelines has raised a good deal of controversy. Asphalt and
pitch are both waterproof materials, and they resemble one another in
physical type. In the right circumstances both can be very effective in pre-
venting the access of water to buried or submerged steel surfaces.

Petroleum asphalts are manufactured in two general types: (@) a straight
residue from distillation, which can be of the hard, high-melting type, and
(b) so-called ‘blown’ grades which are prepared by partially oxidising the
asphalt base by blowing in air. The general difference between the two grades
is that ‘blown’ asphalt has a higher softening point than straight asphalt of
the same penetration (i.e. hardness). In assessing a pipeline coating the
softening point is of considerable importance, since it determines the ten-
dency to flow, and a certain minimum softening point is therefore necessary.
A ‘blown’ asphalt has the advantage over straight material of the same soften-
ing point in that it has a better resistance to impact, since it is of a more
rubbery nature. For this reason most petroleum asphalt coatings are based
on the ‘blown’ variety.

So far as coal tar is concerned, it was formerly the custom to use the
straight residual pitch, but nowadays shock resistance is improved by a so-
called plasticising process.
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The differences between asphalt and coal tar in relation to their application
as pipeline coatings require comment.

1. Tt is often claimed that a coal-tar-base coating absorbs less water than
an asphalt coating and there is evidence in practice to support this
claim, but some asphalt enamels in practice have been as good as the
best coal-tar enamels.

2. Coal-tar enamels are claimed to have better adherence than the
asphaltic enamels to clean metal, probably because of the presence of
polar compounds, but little difference can be noted in practice under
proper pipelining conditions.

3. The asphaltic enamels are easier to apply since they do not produce so
much obnoxious fume and are usually applied at slightly lower
temperatures.

The field performance of the asphalt-base pipeline enamels was, at one
time, erratic, probably because the material had been drawn from varying
sources, without a close specification being used. The plasticised coal-tar-
base enamel to the American Water Works Association Specification C-203
thus gained some favour in major pipelining organisations.

The AWWA (C-203 Standard remains a widely used specification suitable
not only for the materials, but also for their associated reinforcing wraps
and application procedures. The standard has been regularly updated. Hot-
applied asphaltic and coal-tar coatings with their priming systems are now
well classified, described and specified in BS 4164:1967 (coal tar) and BS
4147:1967 (asphalt), but no guidance is given in these specifications to
application procedures.

Reinforcing materials

Internal At one time open-weave hessian cloth was very largely used as
an internal reinforcement material, but experience showed that this is sub-
ject to rotting in the soil. Even when the material appears to be covered
with enamel, some of the fibres must protrude, and thus moisture is absorbed
so that after a period of years the hessian is generally found to be in a water-
logged condition and forming food for bacteria.

The type of material to be used depends very largely on whether coating
is carried out mechanically or by hand. For hand application it is not possible
to use comparatively fragile staple tissues made of glass or asbestos and it is
necessary to use a strong open-mesh fabric, such as woven asbestos or woven
glass. The woven wraps are a great deal more expensive than the staple tissues,
which are mechanically applied.

It is not economical to use expensive woven material for long lines, which
can be, and normally are, coated by mechanical means. For such lines the
most commonly used material nowadays is a glass-fibre tissue of a nominal
0-5 mm thickness, consisting of glass fibres bonded together with a phenolic
resin or starch,

The improvement in coating quality achieved by using the internal glass
wrap is illustrated by the following results. The tensile strength of a 3-2mm
thickness of 104°C softening-point enamel, 300 mm x 300 mm is virtually
nil. A piece of 300 mm x 300 mm glass tissue 0-5 mm in thickness will break
at about 50 kg under steadily increasing tensile load, but if it is embedded in
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3-2mm of the enamel a tensile strength of the order of 150 kg is obtainable.
These wraps are now longitudinally reinforced to prevent tearing on line-
travelling or other coating machines.

Where the pipeline is expected to have to withstand unusual dimensional
variation due, perhaps, to temperature changes or near yield point pressure
testing, the use of a woven glass or nylon reinforcement in place of the glass
tissue is said to increase the flexibility of the coating system considerably.

External wrap The purpose of an external overlapping wrap is to provide
a shield against the penetration of the enamel by stones and to prevent the
pulling of the enamel away from the pipe by soil stress. It also reduces flow
of the enamel owing to the weight of the pipe, and damage to the coating
caused by handling can be more easily observed.

The properties required of an external wrap are as follows:

(a) Compatibility of impregnant to bond with the enamel used.
(b) Tensile strength to prevent breaking while wrapping.

(c) Hardness to resist penetration.

(d) Flexibility to allow wrapping without cracking.

(e) Free rolling from the reel while wrapping.

(/) Resistance to soil conditions and bacterial attack.

(g) Non-absorption or low absorption of water.

These properties apply to a reinforcing outer wrap such as coal tar or
asphalt-impregnated glass or asbestos bonded lightly to the outside of the
hot-applied enamel. For some conditions kraft paper is adequate to faci-
litate handling and reduce soil stress. Were it not for its screening effect on
cathodic protection with a consequent decrease in the effectiveness of the
latter, the external wrap could be loose around the coating. It has become
conventional to have the external wrapping lightly bonded to the coating
to prevent lamination and water entry.

Armour wrapping In rocky ground it has always been considered good
practice to pad the trench for a buried pipeline with clean sand. This pro-
cedure can be very expensive if the sand has to be hauled long distances,
and an armour wrap has been developed to supplement the normal outer
wrap to meet such conditions.

A typical wrap is supplied in sheets about 6 mm thick, consisting of a
sandwich of mastic enamel between sheets of asbestos about 1-5 mm thick.
It may be longitudinally indented to allow the material to be wrapped around
the pipe and secured by steel ribbon straps.

An objection to this form of wrap is that its mode of application renders
it extremely difficult to obtain a good uniform bond between the wrap and
the enamel. In view of this, water could become trapped under the armour
wrap, and because of the non-conducting nature of the wrap itself the
effective application of cathodic protection would be difficult.

Cold-applied Tapes

Hot-applied coatings require special melting and handling equipment to be
available at the construction site. Clearly, considerable economies are
possible if this equipment can be dispensed with, particularly in remote areas
STRATASYS, INC. EXHIBIT 2017
IPR2025-00257, Page 20



PROTECTIVE COATINGS FOR UNDERGROUND USE 15:89

with difficult access. Thus, the availability of cold-applied tapes for use either
at the joints between factory-coated pipes or continuously over the pipeline
has led to the increased usage of this type of wrapping.

The tapes are usually relatively thin (0-5 mm) and easily damaged. It is,
therefore, essential to take elaborate precautions to provide physical pro-
tection to the tape once it has been applied both during construction and
after burial. Good results have been obtained when the tape is applied by
line travelling machine and without further handling, immediately lowered
into a sand padded trench and covered over with fine sand before the trench
is back filled.

Initial effective electrical resistance of tapes, as evidenced by the cathodic
protection current demand, has been outstanding. There have been reports
of increasing current demand with time which indicate a need for investi-
gation. The current demand increase has been found, on occasion, to be due
to poor construction practice, but not all tapes are affected in this way.

On large diameter pipes having a raised seam weld, difficulty is encountered
in covering the weld ‘shadow’ effectively.

Petrolatum-type tapes Petrolatum has, like lanolin, long been recognised
as a means of preventing corrosion. It is easily cold-applied and has a definite
place in corrosion engineering, but it is not suitable for buried structures,
unless it is screened from soil and water by a woven glass or nylon cloth or
an impervious membrane such as p.v.c. The polythenes normally tend to
swell in contact with it. Earlier petrolatum coatings were frequently applied
with cellulosic backing material; there were several objections to this type of
protection, e.g. attack by sulphate-reducing bacteria on the cellulose, ab-
sorption of the grease by dry bentonite-type clays, lack of physical strength
against stones, and water absorption.

Petrolatum-type tape coatings now incorporate inhibitors against bacteria
and with their backing film have high clectrical and water resistance and
therefore find extensive applications in the UK. A great advantage of the
petrolatum-type coatings is ease of application and conformability to ir-
regular surfaces.

Pressure-sensitive tapes Unlike the more recently developed petrolatum
tapes which rely on both the petroleum and backing films, the pressure-
sensitive tapes offer protection which depends almost entirely upon the pre-
vention of ingress of moisture to the metal surface by the tape itself.

The tapes are cold-applied, either by hand or by mechanically-operated
equipment moving along the cleaned pipeline.

The tapes are usually produced from polythene or polyvinylchloride films
of 25um to 0-5mm in thickness and the inner surface is coated with an
adhesive, frequently rubber-based. The adhesive is usually between 25 and
100 pm thick.

Earlier tapes frequently suffered from the migration of plasticiser from
the tape to the adhesive with the result that the tape became detached from
the metal, to which the adhesive remained attached. This has now been
overcome by using a barrier between the tape and adhesive which itself may
contain inhibitors against soil bacteria. .

Spiral corrosion due to inadequate overlap has been detected with self-
adhesive tapes, and a 25 mm (or preferably half-tape-width) overlap is to be
advocated. Within normal limits, the thicker the adhesive the better.
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The self-adhesive tape coatings are thin and the adhesive itself does not
necessarily come into contact with the valleys in the cleaned metal surface.
Under these circumstances, the transmission of water vapour through the
film to the metal may be possible. Moisture-transmission characteristics and
other properties of p.v.c. and polyethylene tapes, as given by major manu-
facturers, are provided in Table 15.6.

Table 15.6 P.V.C. and polyethylene tapes

Physical property

. . . Moisture-
Material Thickness of  Tensile E{onga- MO{sture vapour Dielectric
Jilm plus strength tion at absorp- p L
. , ransmission strength
adhesive (kg/cm break tion rate V)
P.V.C. 0-229+0-025 10 175 019 240 10 000
Polyethylene 0-2034-0-100 10 70 0-02 31 14 000

Table 15.6 is only indicative of general properties, and the latest develop-
ments of specific manufacturers of self-adhesive tapes may show advances
on these.

P.V.C. tends to be more conformable to irregularities than polyethylene.
Both types have their right and proper application for buried structures.

Laminated tapes In more general use now than pressure sensitive tapes are
tapes consisting of polyvinyl chloride or polyethylene films in conjuction
with butyl rubber. These tapes are applied with an adhesive butyl rubber
primer. Thicknesses of up to 0-75 mm are in use and loose protective outer
wraps of p.v.c. or polyethylene sheet are commonly applied. Tape quality
control is exercised with reference to ASTM standard test methods and may
include water vapour transmission rate and elongation.

Conventional holiday-detection is of little value in the field but great
attention should be given to preventing damage to the applied tapes.

Coal-tar Epoxy Coatings

The epoxy resins when mixed with the correct amine produce tough films
which adhere closely to metal. The chemistry of these resins is considered in
Sections 15.5 and 15.9.

The thickness and water resistance of the normal air-cured film can now
be much improved by the incorporation of suitable coal-tar pitch material.
A typical coal tar/epoxy coating material would be constituted as follows:

Epoxy resin 30
Coal-tar pitch 25
Filler 25
Solvent 20

and to the above would be added the amine curing mix.
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The coating is of the two-pack type, consisting of resin plus curing
hardener. In practice the resin and amine may be mixed together and used for
application by brush or spray, or by mechanical means at ambient tem-
perature. Sometimes the clean metal is heated, as are the coating com-
ponents, which are then sprayed separately on to the metal to reduce curing
time. Little reaction occurs below 4°C. For pipeline coating the pipes can
usually only be handled after a few hours, depending on the mix and tem-
perature, but it takes anything from two to seven days before the best
characteristics of the coating develop.

Information to date indicates that the total thickness of the coating should
not be less than 0-3 mm and this requires several applications. These coatings
are very tough and closely adherent (one pipeline company states that they
handle coal tar/epoxy-coated pipe like bare pipe, including bending in the
field). The first coal tar/epoxy coatings came into use only in 1953, and
although they seemed most promising they have been little used to date
compared to other materials. This is undoubtedly due to their relatively slow
setting and curing time.

Polyethylene Sheet

The practice has been developed amongst some water undertakings to
envelop uncoated spun iron pipes in 0-5mm thick polyethylene sheet, the
ends of which are tied down to the pipe with a substantial overlap by means
of adhesive tape. This method has great advantages in cost and simplicity.
No long term performance figures have been published but many have grave
doubts about the effectiveness of this method since the possibility of aggres-
sive soil water entering at perforations or through overlaps, appears to be
very high.

Foam Polyurethane

These materials have been finding extensive use on transmission pipelines
supplying heated heavy fuel oils to power stations. To prevent damage to the
50 mm thick coating, a mechanically stronger outer wrap which can also
prevent water ingress is usually necessary. In one method of production, the
foam is manufactured inside a polythene tube over the steel tube. In other
methods where the foam is produced by spraying on to the steel surface,
conventional tape or enamel coatings have been used.

Weight Coatings

For pipelines to be placed under water, it is necessary to provide negative
buoyancy. This is commonly achieved by placing lightly reinforced concrete
up to 150 mm thick over the 3-5 mm hot enamel coating on the steel. Joints
at the welded tube ends have to be coated with a minimum of delay due to
the high production rate required on the laying barge, and tapes have there-
fore found application at this point. Where submarine pipelines are ‘pulled’
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into position off the land, joint repair is more commonly carried out by
means of the same hot enamel used as the pipeline coating. For the final
joint between towed ‘strings’ of up to 300 m, fast setting epoxies have been
used.

A composite asphaltic mastic filled with high-density aggregate is now
available as a combined insulation and weight coating, and this could be
the development area in this field.

Internal Pipeline Coatings

In some instances it is necessary to coat pipelines internally, and materials
widely used are red lead, hot-applied enamels, concrete and epoxy resins.

Internal coatings are usually applied at the factory and no difficulty exists
in field construction if flanges, screwed, or spigot and socket joints are used,
nor is there any difficulty with welded pipes above, say, 750 mm diameter,
where patching can be carried out on the joints from the inside. Repair of
internal coating on smaller-bore welded pipes presents many problems,
which have not yet been satisfactorily overcome for all conditions.

Pipelines in the ground can be mortar lined in situ by the use of travelling
devices. Epoxy resin paints for long welded pipelines already laid have been
applied in situ by placing two plugs in the pipeline with the paint between
them, and then forcing them to travel through the pipeline by the use of
compressed air.

D. A. LEWIS
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22.1 Glossary of Terms*

Activation Overpotential: that part of an overpotential (polarisation) that
exists across the electrical double layer at an electrode/solution interface
and thus directly influences the rate of the electrode process by altering its
activation energy.

Active: freely corroding; the antithesis of passive.

Active-passive Metal (alloy): a metal that exhibits a transition from the
active (freely corroding) state to the passive state when its potential is
raised above the passivation potential (or a transition from the passive to
the active state when its potential falls below the Flade potential).

Activity (thermodynamic): the thermodynamic activity of an entity, I, is
a; = exp(AG/RT) where AG is the free energy increase of 1mol of i
when it is converted from a standard state (defined as when g, = 1) to
any other activity q; = x.

Addition Agent: a substance added to an electroplating solution to produce a
desired change in the physical properties of the electrodeposit.

Adhesion: the attractive force that exists between an electrodeposit and the
substrate.

Alclad: a composite in which a thin layer of aluminium, or an aluminium
alloy of good corrosion resistance, is bonded metallurgically to a high-
strength aluminium alloy (of lower corrosion resistance) to provide a
combination of these two properties.

Anion: a negatively charged ion; it migrates to the anode of a galvanic or
voltaic cell.

Anode: the electrode of a galvanic or voltaic cell where the positive electrical
current flows from the electrode to the solution (for example, transfer of
cations from electrode to solution or anions from solution to electrode).

Anode Corrosion Efficiency: the ratio of the actual corrosion rate of the
anode to the theoretical rate according to Faraday’s law, expressed as a
percentage.

Anode Polarisation: difference between the potential of an anode passing
current and the equilibrium (or steady-state) potential of the electrode
having the same electrode reaction.

Anodic Protection: reduction of the corrosion rate by making the potential

*Terms used in chemical thermodynamics have not been included and reference should be made
to Appendix 1.9B. For paint terms, see Section 15.10.

22:3
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of the metal sufficiently more electropositive by an external source of
e.m.f., so that the metal becomes passive.

Anaerobic: air or uncombined oxygen being absent.

Anaerobic Bacteria (anaerobes): group of bacteria that are unable to multiply
in any but a minute trace of oxygen.

Angstrom Unit (A): 1A = 107 %cm = 107 % um = 10~ ! nm (preferred unit).

Anodising: the formation of oxide films on metals by anodic oxidation of the
metal in an electrolyte solution. The term can be used for thin dielectric
films but is more particularly applied to thick porous films formed on
aluminium.

Anolyte: the electrolyte solution adjacent to the anode.

Anti-pitting Agent: an addition agent (g.v.) which is used to prevent the
formation of pits or large pores in an electrodeposit.

Austenite: the y-modification of iron, having an f.c.c. lattice, which is stable
above about 700°C; the term is also applicable to solid solutions of
carbon, chromium, nickel, etc. in y-iron.

Bainite: a structure produced in carbon and alloy steels by rapid cooling to
a temperature above that at which martensite is formed, followed by
slower cooling.

Base Potential: see under Potential.

Bimetallic Corrosion: corrosion of two metals in electrical contact, in which
one metal stimulates attack on the other and may itself corrode more
slowly than when it is not in such contact; galvanic is often used in place of
bimetallic.

Breakaway Corrosion: a sudden increase in corrosion rate, especially in
high-temperature ‘dry’ oxidation, etc.

Breakdown Potential: see Critical Pitting Potential.

Bright Plating: clectroplating under conditions whereby the electrodeposit
has a high degree of specular reflectivity.

Brightener: an addition agent used specifically to produce an electrodeposit
of high specular reflectivity.

Brush Plating: a method of electrodeposition in which the plating solution
is applied to the article to be plated by means of an absorbent pad or brush
which contains the anode.

Buffer: a substance, or mixture of substances, which when present in an
electrolyte solution tends to diminish fluctuations in pH.

Burnt Deposit: a rough, poorly coherent, electrodeposit that results from the
application of an excessively high current density.

Calcareous Scale: a scale consisting largely of calcium carbonate and
magnesium hydroxide which may be precipitated from a hard water.

Cathode: the electrode of a galvanic or voltaic cell where positive current
flows from the solution to the electrode (for example, by transfer of
cations from solution to electrode).

Cathodic Protection* : reduction of the corrosion rate by making the potential
of the metal to be protected more negative, so that the current at any anode
is reduced while that at any cathode is increased.

Cathodic Reactant: species which is reduced at a cathode.

Catholyte: the electrolyte solution adjacent to the cathode.

*See also list of underground-corrosion and cathodic-protection terms, p. 22.13.
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Cation: a positively charged ion; it migrates to the cathode in a galvanic or
voltaic cell.

Caustic Embrittlement: stress-corrosion cracking of carbon steels caused by
the presence of caustic alkali.

Cavitation Damage: erosion of a solid surface caused by the collapse of
vacuum bubbles formed in a fluid.

Cementite: the iron-carbon compound of formula very close to Fe,C.

Chemical Conversion Coating: a protective or decorative coating which is
produced deliberately on a metal surface by a chemical environment.

Chemical Polishing: improvement in the brightness and levelness of a surface
finish of a metal by a chemical dissolution reaction.

Composite Plate: an electrodeposit consisting of two or more layers of metals
deposited separately.

Concentration Cell: a galvanic cell in which the e.m.f. is due to differences in
the concentration of one or more electrochemically reactive constituents
of the electrolyte solution.

Concentration (diffusion or transport) Overpotential: change of potential of
an electrode caused by concentration changes near the electrode/solution
interface produced by an electrode reaction.

Corrosion: the transformation of a metal from the elementary to the com-
bined state by reaction with a non-metal (or liquid metal).

.For the purpose of the present work—the transformation of a metal,
used as a material of construction, from the elementary to the combined
state. (See also Bimetallic Corrosion, Breakaway Corrosion, Filiform Cor-
rosion, Fretting Corrosion, Galvanic Corrosion, Graphitic Corrosion,
Intergranular Corrosion, Localised Attack, Pitting, Stress-corrosion Crack-
ing, Uniform Corrosion.)

Corrosion Control: control of the corrosion rate and form of attack of a
metal of a given metal/environment system at an acceptable level and at an
economic cost.

Corrosion-Erosion (or erosion-corrosion): conjoint action of corrosion and
erosion resulting from the abrasive action of a fluid (solution or gas)
moving at a high velocity, resulting in continuous removal of the protective
film from the metal surface.

Corrosion Fatigue: failure by cracking caused by reversing alternating stress
in the presence of a corrosive environment.

Corrosion Potential (mixed potential, compromise potential): potential
resulting from the mutual polarisation of the interfacial potentials of the
partial anodic and cathodic reactions that constitute the overall corrosion
reaction.

Corrosion Product: metal reaction product resulting from a corrosion
reaction; although the term is normally applied to solid compounds it is
equally applicable to gases and ions resulting from a corrosion reaction.

Corrosion Rate: the rate at which a corrosion reaction proceeds; it may be
expressed as a rate of penetration mmy ! (iny ! ori.p.y. are still widely
used) or as a weight loss per unit area per unit time, i.e. gm 2d !
mgdm ™ 2d ! or m.d.d. are still widely used).

Couple (bimetallic, galvanic): two dissimilar metals in electrical contact.

Covering Power: the ability of a plating solution to produce an electrodeposit
(irrespective of thickness) at low current densities on all significant areas.
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Crevice Corrosion: localised corrosion resulting from a crevice formed
between two surfaces—one at least of which is a metal.

Critical Anode Current Density : anodic current density that must be exceeded
in order to produce an active to passive transition (for a given metal it
varies with the nature of the solution, temperature, velocity, etc.).

Critical Humidity: the relative humidity (r.h.) at and above which the
atmospheric corrosion rate of a metal increases markedly.

Critical Pitting Potential: the most negative potential required to initiate
pits in the surface of a metal held within the passive region of potentials
(it varies with the nature of solution, temperature, time, etc.).

Current (1): the rate of transfer of electric charge; unit current is the ampere
(A) which is the transfer of 1 coulomb/second (1 C/s).

Current Density (i): the current per unit area (geometric) of surface of an
electrode (units: Am 2, mAm™ 2%, Acm 2 etc.).

Current Efficiency : the ratio of the rate of the actual electrochemical change
at the electrode (anode or cathode) to the theoretical rate according to
Faraday’s law, expressed as a percentage. (The particular electrode and
electrode reaction must be specified.)

Deactivation: prior removal of the constituent (of a liquid) that is active in
causing corrosion. The term is usually applied to the removal of oxygen by
physical and/or chemical methods.

Dealloying: selective removal by corrosion of a constituent of an alloy.

Delayed Failure: see under Sustained Load Failure.

Depolarisation : reduction or elimination (by physical or chemical methods)
of the electrode polarisation needed to produce a specified current.

Deposit Attack: localised corrosion (a form of crevice corrosion) under and
resulting from a deposit on a metal surface.

Dezincification: preferential corrosion of zinc from brass resulting in
mechanically weak copper-rich areas in the form of plugs or layers; some-
times both zinc and copper corrode, but copper is redeposited.

Differential Aeration: the stimulation of corrosion at a localised area by
differences in oxygen concentration in the electrolyte solution in contact
with the metal surface; the area in contact with the solution of lower
oxygen concentration is the anode.

Diffusion Coating: a coating produced by diffusion at elevated temperatures.

Diffusion Layer: the thin layer of solution adjacent to an electrode through
which transport of species to or from the electrode surface occurs by
diffusion rather than by convection.

Flectrochemical Cell: a cell in which chemical energy is transferred into
electrical energy.

Electrolytic Cell: a cell in which electrical energy is used to bring about
electrode reactions and is thus converted into chemical energy. (Note: the
term ‘electrochemical cell’ is frequently used to describe both types of
cells.)

Electrochemical Equivalent: theoretical number of moles of electrochemical
change resulting from the passage of 1 Faraday (1 F) of electrical charge;
if M is the molar mass (kg) and z the number of electrons required for one
act of the reaction then the electrochemical equivalent is M/z kg,

Electrode: an electron conductor by means of which electrons are provided
for, or removed from, an electrode reaction.
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Electrode Potential (£): the difference in electrical potential between an
electrode and the electrolyte with which it is in contact. It is best given with
reference to the standard hydrogen electrode (S.H.E.), when it is equal in
magnitude to the e.m.f. of a cell consisting of the electrode and the S.H.E.
(with any liquid-junction potential eliminated). When in such a cell the
electrode is the cathode, its electrode potential is positive; when the
electrode is the anode, its electrode potential is negative. When the species
undergoing the reaction are in their standard states, £ = E®, the standard
electrode potential. '

Electrogalvanising : galvanising by electroplating.

Electroless Plating: formation of a metallic coating by chemical reduction
catalysed by the metal deposited.

Electrolysis: decomposition by the passage of electric current.

Electrolyte: a substance which in solution gives rise to ions; the term is also
used for a solution of an electrolyte or for a molten ionic salt.

Electrolyte Solution: a solution in which the conduction of electric current
occurs by the passage of dissolved ions.

Electrolytic Cleaning: cleaning obtained at cathode or anode of a cell con-
taining a suitable solution.

Electron Acceptor: a species in solution that accepts one or more electrons
from a cathode for each act of the cathodic reaction and is thus reduced to
a lower valence state.

Electrophoretic Plating: production of a layer or deposit by discharge of
colloidal particles in a solution on an electrode.

Electroplating: electrodeposition of a thin adherent layer of a metal or alloy
on a substrate of desirable chemical, physical and mechanical properties.

Electropolishing: surface finishing of a metal by making it the anode in an
appropriate solution, whereby a bright and level surface showing specular
reflectivity is obtained.

e.n.f. Series: a table of the standard equilibrium electrode potentials of
systems of the type M**(aq.)+ze = M, relative to the standard hydrogen
electrode, and arranged in order of sign and magnitude.

Epitaxy: the phenomenon whereby a deposit or coating takes up the lattice
habit and orientation of the substrate.

Equilibrium Potential: the electrode potential of an unpolarised reversible
electrode.

Evans Diagram: diagram in which the E vs. I relationships for the cathodic
and anodic reactions of a corrosion reaction are drawn as straight lines
intersecting at the corrosion potential, thus indicating the corrosion
current associated with the reaction.

Exchange Current Density (i,): the rate of exchange of electrons (expressed
as an electric current per unit area) between the two species concerned in
a reversible electrode process at the equilibrium potential.

Exfoliation: loss of material in the form of layers or leaves from a solid metal
or alloy.

Faraday: quantity of electric charge required to bring about a change of one
electrochemical equivalent (1 F ~ 96 500 C).

Fatigue: failure of metal under conditions of repeated alternating stress.

Ferrite: the body-centred cubic form of iron (a-iron) and the solid solutions
of one or more elements in b.c.c. iron.
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Filiform Corrosion: corrosion in the form of hairs or filaments progressing
across a metal surface.

Film: a thin coating of material, not necessarily thick enough to be visible.

Flade Potential: the potential at which a metal which is passive becomes
active (see Passivation Potential).

Fogging: reduction of the lustre of a metal by a film or particulate layer of
corrosion product, e.g. the dulling of bright nickel surfaces.

Fouling: deposition of flora and fauna on metals exposed to natural waters,
€.g. sea-water,

Fretting Corrosion: deterioration resulting from repetitive rubbing at the
interface between two surfaces (fretting) in a corrosive environment.

Galvanic Cell: an electrochemical cell having two electronic conductors
(commonly dissimilar metals) as electrodes.

Galvanic Corrosion: corrosion associated with a galvanic cell (often used to
refer specifically to Bimetallic Corrosion).

Galvanostatic Polarisation (intentiostatic): polarisation of an electrode during
which the current density is maintained at a predetermined constant value.

Galvanic Series: a list of metals and alloys based on their relative potentials
in a given specified environment, usually sea water.

Galvanising (hot dip): coating of iron and steel with zinc using a bath of
molten zinc.

Graphitic Corrosion: corrosion of grey cast iron in which the metallic con-
stituents are removed as corrosion products, leaving the graphite.

Green Rot: carburisation and oxidation of certain nickel alloys at around
1000°C resulting in a green corrosion product.

Half-cell: one of the electrodes, and its immediate environment, in an electro-
chemical or electrolytic cell; particularly, an electrode and environment
arranged for the passage of current to another electrode or (especially) for
the measurement of its electrode potential.

Hematite: an oxide of iron corresponding closely to Fe,O; produced during
the oxidation of iron: it is an »#-type semiconductor in which diffusion of
O?~ ions occurs via anion vacancies.

Hydrogen Electrode: an electrode at which the equilibrium H* (aq.)+¢ —
1H, is established. By definition, at unit activity of hydrogen ions and unit
fugacity of hydrogen gas the potential of the standard hydrogen electrode
Ef:sp, = 000V,

Hydrogen Embrittlement: embrittlement caused by the entry of hydrogen
into a metal.

Hydrogen Overpotential (Overvoltage): the displacement of the equilibrium
(or steady-state) electrode potential of a cathode required for the discharge
of hydrogen ions at a given rate per unit area of electrode.

Immunity (thermodynamic): a condition whereby the equilibrium activity of
metal ions (simple or complexed) in solution is prevented from exceeding
some arbitrary value by making the potential of the metal sufficiently
negative to that of the solution. Pourbaix has defined this arbitrary
activity at 10~ % gion/l.

Impingement Attack: localised corrosion resulting from the action of
corrosion and/or erosion (separately or conjoint) when liquids impinge on
a surface.

Inhibitor: a substance added to an environment in small concentrations to
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reduce the corrosion rate.

Inseparable Anodes and Cathodes: anodes and cathodes which cannot be
distinguished experimentally although their existence is postulated by
theory.

Interference Films: thin transparent films which exhibit interference colours.

Intergranular Corrosion: preferential corrosion at grain boundaries.

Internal Oxidation (subsurface corrosion, subscale formation): formation of
isolated particles of corrosion product (or products) beneath the metal
surface, which may be coated with a uniform film of corrosion product.

Ion; an electrically charged atom or complex of atoms.

Isocorrosion Chart: a chart having temperature and concentration of the
corrodent as co-ordinates and curves (isocorrosion curves) of various
specified constant corrosion rates of the metal.

Knife-line Attack: severe highly localised attack (resembling a sharp cut into
the metal) extending only a few grains away from the fusion line of a weld
in a stabilised austenitic stainless steel, which occurs when the metal comes
into contact with hot nitric acid and is due to the precipitation of chromium
carbides.

Leveller: a substance which is added to a plating bath to produce a levelling
or smoothing action.

Levelling Action: the ability of a plating bath to produce a surface which is
smoother than that of the substrate.

Limiting Current Density : the current density at which change of polarisation
produces little or no change of current density.

Linear Polarisation: the linear relationship between overpotential and current
density that is considered to prevail at potentials very close to the corrosion
potential.

Local Anodes and Cathodes: see Inseparable Anodes and Cathodes.

Localised Attack: corrosion in which one area (or areas) of the metal surface
is predominantly anodic and another area (or areas) is predominantly
cathodic, i.e. anodes and cathodes are physically separable.

Matt Surface: a surface of low specular reflectivity.

Metal Distribution Ratio: the ratio of the thicknesses of metal produced
during electroplating on two specified parts of the cathode.

Metal Spraying: application of a metal coating to a surface (metallic or
non-metallic) by means of a spray of metal particles. The metal particles
may be produced by ‘atomising’ a metal wire in a flame-gun or by intro-
ducing metal powder into a similar gun.

Migration of Ions: movement of ions towards the anode and cathode under
the influence of an electrical potential gradient.

Mil: one thousandth of an inch (1 mil = 0-001lin = 25-4 um).

Millscale: thick oxide layer on metals produced during fabrication by hot-
rolling ; most of the oxidation occurs as the metal passes from one rolling-
mill to the next.

Negative Potential: see under Potential.

Nemnst Equation: the thermodynamic relationship between the reversible
potential of a reaction (or half-reaction} and the activities of the species
involved in the reaction,

Noble Potential: see under Potential.

Normal Electrode Potential: see under Electrode Potential.
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Occluded Cell: a corrosion cell of a geometry that prevents intermingling of
the anodic reaction products (anolyte) with the bulk solution, resulting in
a decrease in pH of the anolyte; shielded areas or pits, crevices or cracks in
the surface of the metal are examples.

Open-circuit Potential : the potential of an electrode from which no significant
current is flowing, as on open circuit.

Overpotential (overvoltage, polarisation): the displacement of the equilibrium
(or steady-state) electrode potential required to cause a reaction to
proceed at a given rate.

Oxidation: loss of electrons by a species during a chemical or electrochemical
reaction ; addition of oxygen or removal of hydrogen from a substance.

Oxidising Agent: a substance that causes oxidation of another species.

Oxygen Concentration Cell: see under Differential Aeration.

Parabolic Oxidation: an oxidation reaction that conforms kinetically to a
parabolic law so that the rate of oxidation decreases with thickness of
oxide.

Partial Reactions: anodic reaction (reactions) and cathodic reaction
(reactions) constituting a single exchange process or a corrosion reaction.

Partial Current (current densities): the currents (current densities) corre-
sponding with each of the partial reactions.

Parting: selective dissolution of one metal (usually the most electro-reactive)
from an alloy leaving a residue of the less reactive constituents.

Passivation Potential: the potential at which a metal in the active state
becomes passive.

Passivator: a substance which in solution causes passivity.

Passivity: (difficult to define precisely) a metal or alloy which is thermo-
dynamically unstable in a given electrolyte solution is said to be passive
when it remains visibly unchanged for a prolonged period. The following
should be noted: '

(1) During passivation the appearance may change if the passivating film
is sufficiently thick (e.g. interference films on Ti).

(ii) The electrode potential of a passive metal is always appreciably more
noble than its potential in the active state.

(iif) Passivity is an anodic phenomenon, and control of corrosion by
decreasing cathodic reactivity (e.g. amalgamated zinc in sulphuric acid)
or by cathodic protection is not passivity.

An alternative definition: a metal in a given solution is said to become
passive when there is a significant decrease in the corrosion rate on raising
the potential of the metal (by an external e.m.f. or by adding an oxidant
to the solution) above a certain critical value.

Patina: a green coating of corrosion products of copper (basic sulphate,
carbonate and chioride) which forms on copper or copper alloys after
prolonged atmospheric exposure.

pH: a measure of the hydrogen ion activity defined by pH = —logay;-
where ay;. 1s the activity of the hydrogen ion.

Pickle, Pickling: a solution (usually acidic) used to remove or loosen
corrosion products from the surface of a metal.

Anodic and cathodic pickling are forms of electrolytic pickling in which
the metal is anodically or cathodically polarised in the pickle.

Pitting - Bedworth Ratio: ratio of volume of oxide/volume of metal converted
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into oxide during a high-temperature oxidation reaction.

Pits (in electroplating) : macroscopic channels in an electrodeposit which may
or may not extend to the substrate.

Pitting (corrosion): localised corrosion in which appreciable penetration into
the metal occurs resulting in the formation of cavities.

Pitting Potential : potential at which a metal pits (see also Critical Pitting
Potential).

Polarisation (overpotential, overvoltage): difference of the potential of an
electrode from its equilibrium or steady-state potential.

Potential-pH Equilibrium Diagram (Pourbaix diagram): diagram with
equilibrium potential and pH as co-ordinates that show the phases that are
at equilibrium when a metal reacts with water or an aqueous solution of a
specified electrolyte.

Pores, Porosity (in coatings): microscopic channels in coatings (metailic or
non-metallic) which extend to the substrate.

Positive Potential: see under Potential.

Potential: potential difference at an electrode defined with reference to
another specified electrode.
base potential : a potential towards the negative end of a scale of electrode
potentials. The potential of an electrode which is made cathodic is said to
become ‘more base’ or ‘more negative’ (preferred term).
negative potential: a potential more negative than the potential of the
standard hydrogen electrode, e.g. E5,2+ /7, = —0-76 V. '
noble potential : a potential towards the positive end of a scale of electrode
potentials. The potential of an electrode which is made anodic is said to
become ‘more noble’ or ‘more positive’ (preferred term).
positive potential: a potential more positive than the potential of the
standard hydrogen electrode, e.g. E&z+,c, = +0-34V.

{See also Corrosion Potential, Electrode Potential, Equilibrium Potential,
Flade Potential, Open-circuit Potential, Passivation Potential, Protection
Potential, Redox Potential.)

Polarisation Resistance: slope of the ‘linear’ overpotential vs. current density
curve at potentials close to E_,, or the tangent of the curve if it is non-
linear; R, = AE/AI€Q.

Potentiostatic Polarisation: polarisation of an electrode during which the
potential is maintained at a predetermined constant value by means of a
potentiostat.

Protection Potential for Pitting: potential below which new pits cannot be
initiated nor pre-existing pits continue to propagate.

Rack: a frame for suspending and carrying current to articles during plating
and related operations.

Rate-determining Step (r.d.s.): the step in the sequence of steps of a reaction
that has the highest activation energy and is thus rate-controlling.

Redox Potential: the electrode potential of a reversible oxidation-reduction
system, e.g. Cu?*/Cu, Fe?**/Fe?*, MnO, /Mn?*, Cl,/Cl~.

Redox System: a reversible oxidation-reduction system.

Reducing Agent: a substance that causes reduction of another species.

Reduction: a chemical or electrochemical reaction in which a species gains
electrons ; the removal of oxygen or the addition of hydrogen.

Reference Electrode: a half-cell of reproduceable potential by means of which
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an unknown electrode potential can be determined on some arbitrary
scale (e.g. hydrogen scale, Cu/CuSQ, scale, Ag/AgCl scale, etc.).

Relative Humidity: the ratio of the amount of water vapour present in the
atmosphere at a given temperature to the amount required for saturation
at the $ame temperature, expressed as a percentage.

Reversible Electrode: an electrode in which a small increase or decrease in
potential can reverse the direction of the electrode reaction.

Reversible Potential : see under Equilibrium Potential.

Rusting (rust): corrosion of iron or ferrous alloys resulting in a corrosion
product which consists largely of hydrous ferric oxide.

Saturation Index : an index which shows if a water of given composition and
pH is at equilibrium, supersaturated or unsaturated with respect to
calcium carbonate (or to magnesium hydroxide).

Scale: a thick visibie oxide film formed during the high-temperature oxida-
tion of a metal (the distinction between a film and a scale cannot be defined
precisely).

Season Cracking: cracking resulting from the combined effect of corrosion
and stress, which is usually confined to the stress-corrosion cracking of
brass in ammoniacal environments.

Selective Leaching: see Parting.

Sensitisation: susceptibility to intergranular attack in a corrosive environ-
ment resulting from heating a stainless steel at a temperature and time
that results in precipitation of chromium carbides at grain boundaries.

Sherardising: the coating of iron and steel with zinc by heating in contact
with zinc powder at a temperature below the melting point of zinc.

Shield: a non-conducting medium which is used for altering the current
distribution on a cathode or anode.

Spalling: the break-up of a surface through the operation of internal stresses,
often caused by differential heating or cooling.

Standard Electrode Potential : see under Electrode Potential.

Steady-state Potential : the potential (not varying with time) of an electrode
that is operating under steady-state conditions of zero or constant current
density.

Stoichiometric Number: number of times the rate-determining step must
occur for one act of the overall reaction.

Stray-current Corrosion: corrosion caused by stray currents flowing from
another source of e.m.f. (usually d.c.).

Stress Intensity Factor K, . : a fracture toughness parameter used for
evaluating susceptibility to stress-corrosion cracking (the subscript I
signifies a tensile mode of stressing).

Stress-corrosion Cracking: cracking produced by the combined action of
corrosion and static tensile stress (internal or applied).

Strike (n.): an electrolyte solution used to deposit a thin initial film of a
metal.

Strike (vb): to electroplate for a short time at a higher initial current density
than is normally used.

Stripping : removal of a metal coating by means of an electrolyte solution
(or an electrolyte solution and external e.m.f.).

Subscale Formation: see under Internal Oxidation.

Substrate: the basis metal on which a coating is present.
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Subsurface Corrosion: see under Internal Oxidation.

Sulphate-reducing Bacteria (S.R.B.): a species of anaerobic bacteria (devibrio
desulphuricans) that is capable of causing rapid corrosion of iron and steel
in near-neutral solutions in the absence of dissolved oxygen.

Sustained Load Failure: delayed failure due to the presence of hydrogen in
stressed high-tensile steels.

Symmetry Factor: ratio of distance across the double layer to summit of
energy barrier/distance across the whole double layer.

Tafel Equation: the linear relationship between the overpotential and the
logarithm of the current density for an electrode reaction in which charge
transfer is rate determining.

Tarnish: dulling, staining or discoloration of metals due to the formation of
thin films of corrosion products. (The term can also be applied to thin
transparent film which may give rise to interference colours.)

Thief : an auxiliary cathode which is placed in a position relative to the article
to be electroplated so that the current density on certain areas is reduced.

Throwing Power: a measure of the ability of an electroplating solution to
give a uniform plate on an irregularly shaped cathode.

Transfer Coefficient o: the transfer coefficient of a cathodic process is the
fraction of the electrical energy difference zFA¢ that assists the transfer of
an ion through the double layer towards the electrode and inhibits its
transfer in the reverse direction; frequently experimental values of o are
approximately 0-5.

Transpassivity : active behaviour of a metal at potentials more positive than
those leading to passivity.

Transport (transference): see under Migration of Ions. The term ‘transport’ is
frequently used to include diffusion as well as migration of an ion to an
electrode.

Transport Number : the proportion of the current carried by a particular 1on
(transfer number).

Tuberculation: localised attack in which the corrosion products form wart-
like mounds over the corroded areas.

Uniform Corrosion (general corrosion): corrosion in which no distinguishable
area of the metal surface is solely anodic or cathodic, i.e. anodes and
cathodes are inseparable, cf. localised corrosion.

Voltaic Cell: a term sometimes used for an electrochemical cell ; it is some-
times used to refer to a cell in which chemical changes are caused by the
application of an external e.m.f.

Weld Decay: localised attack of austenitic stainless steels at zones near a
weld, which results from precipitation of chromium carbides.

Terms used in Cathodic Protection
and Underground Corrosion*®

Anode Lead: the electrical connection between the anode and the power unit

*These terms are derived from various sources, principally from the List of Definitions of
Essential Telecommunications Terms (Part I, Corrosion), International Telecommunications
Union, Geneva, 1957, 1st Supplement, 1960, and the B.S.I. Code of Practice for Cathodic
Protection, CP1021:1973; terms taken from the Code of Practice are marked with an asterisk.
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in impressed-current schemes ; normally a copper-cored plastics-sheathed
standard electric cable.

Anode Shield : protective covering of insulating material placed on a painted
structure in the immediate vicinity of the anode to reduce the cathodic
current density in that area, thus preventing the development of excessive
alkalinity and stripping of the paint (see Saponification).

Attenuation*: the decrease in potential and current density along a long
buried or immersed structure from the drainage point.

Attenuation Curves: a graph of interfacial electrical potentials between the
pipe and surrounding soil in cathodic protection schemes vs. the length of
the pipe.

Backfill: the soil replaced over the pipe in the trench (general connotation).
In cathodic protection, special backfills are packed around the anodes.
These backfills are selected to lower circuit resistance of the anode; for
sacrificial anodes a gypsum/bentonite mixture is used, and for impressed-
current anodes, coke breeze.

Bond*: a conductor, usually of copper, that connects two points on the same
structure or on different adjacent structures, and thus prevents significant
differences in potential between two points.

Cantilever Anode: anode supported as a cantilever.

Cathode Lead: the electrical connection from the negative terminal of a d.c.
power unit.

Cathodic Protection Rectifier: transformer-rectifier arrangement for supply-
ing the direct current which flows between a groundbed and a buried
structure which is receiving cathodic protection.

Continuity Bond: electrical connection made to connect together adjacent
sections of a buried structure in order to ensure its electrical continuity.
Corrosion Interaction (or interaction): increase (or decrease) in the rate of
corrosion of a buried or immersed structure caused by interception of part
of the cathodic protection current applied to another buried or immersed

structure.

Current Drainage Survey: a survey to determine current requirements for
cathodic-protection schemes. A temporary groundbed is installed at a
suitable location and an impressed current is applied between it and the
pipe or other structure. A survey of potentials along the structure will
produce attenuation curves, and permits fairly accurate estimation of
initial current requirements.

Direct Electric Drainage: a means of electric drainage comprising the
employment of permanent metallic connections.

Drainage Bond* : bond to effect drainage (see Drainage, definition (b)).

Drainage (electric drainage)*: (a) flow of positive current through the soil or
the electrolyte solution from the cathodically protected structure to the
groundbed of the impressed current system, or () protection of an
immersed structure from electrochemical corrosion by making an
electrical connection between the structure and the negative return
circuit (rail, feeder, busbar) of a d.c. electric traction system.

Drainage Point: the location in a cathodic-protection installation where the
cathode lead is attached to the pipe; normally the point of maximum
negative potential of the pipe, though this is not always the case when an
area of low-resistance soil is adjacent to the drainage point.
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Earth*: () the conducting mass of earth or of any other conductor in direct
electrical connection with earth, (b) a connection, intentional or un-
intentional, between a conductor and earth.

Electric Drainage: means of electric protection of an underground system
against the corrosive action of stray currents arising from a d.c. electric
traction system employing one or more connections (drainage bonds)
made between the system to be protected and the return circuit of the
traction system (rail, return current feeder, negative busbar of the
sub-stations).

Electro-osmosis: passage of a liquid through a porous medium (such as a
soil) under the influence of a potential difference.

Flood Coat: application of coal-tar or bituminous coatings to pipelines by
flooding the heated coating materials over the pipe surface; wrappings
and slings are used to pull the coat underneath the pipe.

Forced Drainage*: form of drainage in which the connection between the
protected structure and a traction system includes a source of direct
current.

Groundbed : in cathodic protection of underground structures, a buried mass
of inert material (e.g. carbon), or scrap metal connected to the positive
terminal of a source of e.m.f. to a structure.

Holiday: a flaw, often in the form of a pinhole, in a protective organic
coating.

Holiday Detector: a high-voltage low-current output generator with a
built-in spark gap used for detecting pinholes (holidays) in pipeline
coatings.

Impressed Current: cathodic current supplied by a d.c. source to a structure
in order to lower the potential to the protective potential for cathodic
protection.

Insulating Flange*: flanged joint between adjacent lengths of pipe in which
the nuts and bolts are electrically insulated from one or both of the flanges
and the jointing gasket is non-conducting, so that there is an electrical
discontinuity in the pipeline at that point.

Interaction: see Corrosion Interaction.

Interaction Testing: routine investigation carried out when installing
cathodic protection schemes on pipelines. The accepted criterion in the UK
is that when the secondary structure potential has been moved more than
0-02V in a positive direction, steps must be taken to eliminate the
interaction.

Line Wrapping: the technique of wrapping a pipeline over the pipeline
trench ; applied only to welded steel pipelines. It is carried out by a line-
wrapping machine which travels along the pipe, cleaning it, priming it,
pulling in the reinforcement, and, if necessary, applying the outer wrap.

Locating and Bonding: when cathodic protection is applied to an existing
jointed pipeline, all jomts must be located without digging up the pipe. On
location, each joint is exposed and an electrically conducting bond
(usually galvanised steel strip or copper cable) is welded into position.

Polarised Electric Drainage: a means of electric drainage comprising the
employment of metallic connections between the underground cable
system and the traction return circuit, with the insertion of a unidirectional
system (rectifier or contactor and relays) in the connections.
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Primary Structure*: a buried or immersed structure cathodically protected
by a system that may constitute a source of corrosion interaction with
another (secondary) structure.

Protection Current: current made to flow into a metallic structure in order to
effect cathodic protection.

Protective Potential : an optimum negative potential at which pipe protection
is accepted as being sufficient in cathodic-protection schemes. It is a
negative potential of the pipe/environment interface, and is applicable to
steel when the potential is more negative than —0-85V vs. a Cu/CuSQ,
electrode located as close to the pipe as practicable. When sulphate-
reducing bacteria are present in soil the value should be —0.95V. An
alternative criterion for steel is to change the pipe potential 0-3V in a
negative direction. Similar criteria are applicable to steel in natural waters.

Reactive (active, sacrificial) Anode: 2 mass of metal (Mg, Zn, Al) which,
buried or immersed and connected to a metallic structure which is to be
protected, forms a cell with that structure and has the effect of making it
more negative with respect to the surrounding environment.

Remedial Bond*: a bond established between a primary and secondary
structure in order to eliminate or reduce corrosion interaction:

Remote Potentials: in dealing with a pipeline cathodic-protection system, it
is often advantageous to refer all measurements to a half-cell located at a
distance from the pipe. Such measurements are referred to as remote
potentials.

Resistance Bond*: a bond either incorporating resistors or of adequate
resistance in itself to limit the flow of current.

Sacrificial Anode: see under Reactive Anode.

Safety Bond*: a bond connecting the metallic carcase of a piece of electrical
apparatus with earth, in order to limit the rise in potential of the carcase
above earth caused by the passage of any fault current or excessive leakage
current, and so reduce the risk of electric shock to anyone touching the
carcase.

Sapenification: deterioration by softening of paint film caused by action of
aqueous alkali, resulting from cathodic protection at excessively high
current densities, on the fatty-acid constituents of the film.

Sensing Electrode*: a permanently installed reference electrode used to
measure the structure/electrolyte solution potential and to control the
protection current. _

Stray Currents: currents flowing in the soil and arising from electric instal-
lations parts of which are not insulated from the soil.

Structure/Soil Potential: potential measured between a buried structure and
a suitable non-polarisable electrode, placed in the soil or water as near to
the structure as possible; when the value is being indicated the type of
electrode used should be clearly stated.

L. L. SHREIR
T. P. HOAR
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Abbreviations, 22:17
Abrasion, nickel coatings, 14:83
Abrasion tests, coatings, 20:99
Abrasive solids, 20:22
Absorption coefficient, 21:53
Accelerators, phosphate coatings, 16:22
Access fittings for corrosion racks, 20:87
Acetic acid, 3:55; 4:81
Acetic acid-salt-spray test, 20:48
Acid copper sulphate test, 20:8
Acid pickling, hydrogen absorption, 8:64
Acid solutions,
inhibitors, 18:25
thermodynamics of corrosion
reactions, 1:58
Acids, 3:55, 61
aluminium and aluminium alloys in,
4:26, 27
beryllium in, 5:6
carbon in, 19:7
cast iron in, 3:94
copper and copper alloys in, 4:53
glass in, 19:20
high-chromium cast irons in, 3:114
high-nickel cast iron in, 3:106
lead in, 4:79
magnesium in, 4:88
molybdenum in, 5:15
nickel and nickel alloys in, 4:130
nickel-iron alloys in, 3:81
niobium in, §:27
silicon-iron alloys in, 3:121
stainless steels in, 3:51
tantalum and tantalum alloys in,
5:63, 69, 70, 71
tin in, 4:145
titanium in, 5:37, 38
wood in, 19:84, 85
zinc in, 4:158
zirconium in, 5:53, 54
Acrylic resins, 15:53, 96
Acrylonitrile-styrene-butadiene polymer
(ABS), 19:60

Activation, 9:29
Activation energy, 2:19, 90-91, 9:29
self-diffusion, 1:233
Active-passive transitions, 1:103; 2:16,
23
Activity, 9:64
relative, 9:65
Activity coefficient, 7:127, 128, 129;
9:64, 65; 21:31
Addition agents 13:8, 15, 92; 14:71, 72
Additives,
greases, 2:124
paint, 15:22
Adhesion, coatings, 20:100
Adion, 13:9
Admiralty brass, 4:48
Adsorbed electrolyte layers, 2:33
Adsorption, 9:13
electrostatic, 9:13
Gibbs equation, 9:14
in breakdown of passivity, 9:27
in corrosion reactions, 9:26
isotherms, 9:23
Langmuirean, 9:49
of inhibitors, 9:27; 18:34
specific or contact, 9:13, 22
van der Waals, 9:13
Adsorption coefficient, 9:23
Adsorption law, Freundlich, 2:5, 6, 18,
88, 95
Aecration of testing solution, 20:23
Aeration control in total-immersion
tests, 20:17
Affinity, 1:65
Age hardening. See Precipitation
hardening
Ageing, 9:122; 20:14
Air, see also Atmosphere
high-temperature corrosion in, 19:8
rusting in, 3:5
Air-stream corrosion test, 20:22
Airborne particles, 2:30
Alcoholic beverages, 2:99
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Al-Fin process, 14:20
Alkaline cleaners, 12:8-10
Alkalinity of water, 2:44
Alkalis, 3:58
aluminium and aluminium alloys in,
4:27
carbon in, 19:8
cast iron in, 3:95
copper and copper alloys in, 4:53
glass in, 19:20
high-chromium cast irons in, 3:116
high-nickel cast irons in, 3:108
lead in, 4:81
molybdenum in, 5:17
nickel and nickel alloys in, 4:133
nickel-iron alloys in, 3:81
niobium in, §:27
silicon-iron alloys in, 3:125
tantalum in, 5:66
tin in, 4:145
zinc in, 4:158
zirconium in, 5:55
Alkyd resins, 15:53, 95
air-drying, 15:16
modified, 15:18
paint coatings, 15:16
plasticising, 15:17
stoving, 15:17
Alloying elements, 1:44
in dilute solutions, 7:127
complex systems, 9:123
components and phases, 9:102
effects of composition and heat
treatment on corrosion resistance
of, 20:128
phase diagrams, 9:105
properties of, 1:3
single-phase, 1:44
solid solutions, 9:103
structure of, 9:102
two-phase, 1:45
Alumina, 18:4
Aluminium, 2:57; 4:3; 7:21, 87,93
anodes, 11:19, 21, 50
anodising, 1:22
aqueous corrosion, 4:29
atmospheric corrosion, 4:19
bimetallic corrosion, 4:18
chromate treatment, 16:35
acid, 16:35
acid pickles, 16:36
alkaline, 16:35, 36
sealing of anodic films, 16:36
corrosion behaviour, 4:14
corrosion inhibition, 18:50
dissolution, 4:15
electroplating, 13:22
filiform corrosion, 4:17
high-temperature corrosion, 4:29
in acid electrolytes, 1:30
in acids, 4:26, 27
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Aluminium continued

in alkalis, 4:27

in buildings and structures, 10:43

in chemical environments, 4:23

in chemical plants, 4:28

in contact with concrete, 10:44

in contact with other materials,
4:30, 31

in fused salts, 4:30

in gases, 4:19

in liquid metals, 4:30

in organic compounds, 4:28

in salt solutions, 4:28

in steam, 4:30

in water, 4:22

intercrystalline corrosion, 4:16

mechanical properties, 4:10

nuclear engineering, 4:29

oxide film, 4:14

oxides, 1:235; 7:21, 98

physical properties, 4:10

pipes, 10:49

pitting corrosion, 1:162; 4:16

purity grades, 4:12, 18

soil corrosion, 4:23

Aluminium alloys, 4:3; 8:23; 20:33

aqueous corrosion, 4:29

atmospheric corrosion, 4:19

bimetallic corrosion, 4:18

British Standard form and heat
treatment notation, 4:9

cast, 4:7

chemical cleaning, 20:107

cladding, 4:3, 23

composition, 4:3

composition effects, 4:17

corrosion behaviour, 4:14

descaling, 12:13

design factors, 4:19

disselution, 4:15

electroplating, 13:22

filiform corrosion, 4:17

high-temperature corrosion, 4:29

heat treatable, 4:5, 6,9

in acids, 4:26, 27

in alkalis, 4:27

in chemical environments, 4:23

in chemical plants, 4:28

in contact with other materials, 4:30,
31

in fused salts, 4:30

in liquid metals, 4:30

in organic compounds, 4:28

in salt solutions, 4:28

in steam, 4:30

in water, 4:22

intercrystalline corrosion, 4:16

intergranular corrosion, 1:42

layer corrosion, 4:17

mechanical properties, 4:3

non-heat-treatable, 4:9
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Aluminium alloys continued
nuclear engineering, 4:29
oxide film, 4:14
pipes, 10:49
precipitation hardening, 9:120
selection, 4:12
soil corrosion, 4:23
special purpose, 4:8
standard designations, 4:3, 9
stress-corrosion cracking, 1:48; 4:17;
8:89, 90, 92, 93
stress effects, 4:19
welding, 10:79
wrought, 4:4
Aluminium brass, 4:48, 50; 20:33
role of iron, 1:172
Aluminium-bronze, 4:35, 48
cavitation damage resistance, 8:131
Aluminium coatings, 13:22, 49, 50;
14:11, 17
anodic oxidation, 16:3
applications, 14:25
casting, 14:20
chemical deposition, 14:19
cladding, 14:20
corrosion resistance, 14:22
diffusion, 13:59
superalloys, 13:71
electrophoretic, 14:19
electroplating, 14:19
hot-dip, 13:55; 14:18, 20, 24
alloy formation, 13:56
continuous strip, 13:55
heat-resistant, 13:56
structure, 13:57
methods available, 14:17
spray-aluminised, 14:18
sprayed, 13:82,90; 14:17, 20, 23, 24,
25

vacuum deposited, 14:18
Aluminium-copper alloys, 4:13
phase diagram, 9:111
stress-corrosion cracking, 8:92
Aluminium-copper-magnesium alloys
corrosion fatigue, 8:112, 113
stress-corrosion cracking, 8:92
Aluminium-iron couple, polarity
reversal, 1:206
Aluminium-magnesium alloys, 4:12
stress-corrosion cracking, 8:91
Aluminium-magnesium-silicon alloys,
4:13
stress-corrosion cracking, 8:91
Aluminium-magnesium-zinc alloys,
corrosion fatigue, 8:112
Aluminium-manganese alloys, 4:12, 23
Aluminium-tin alloys, 4:3
Aluminium-zinc couple, polarity
reversal, 1:206
Aluminiu;n-zsinc-magnesium alloys,
4:3,1

INDEX 3

Aluminium-zinc-magnesium alloys
continued
stress-corrosion cracking, 8:92
Aluminium-zinc-magnesium-copper
alloys, stress-corrosion cracking,
8:92
Aminoplastics, 19:62
Amino resins, paint coatings, 15:18
Ammeters, 11:104, 105
Ammonia, nickel and nickel alloys in,
7:104
Ammontum compounds, 2:30
Ammonium sulphate, 2:30
Anaerobic corrosion, 2:79
Anion concentration, effect on corrosion
rate, 2:3
Anions, 9:3
inhibitive, 18:46, 47, 48
uptake by oxide films, 18:45
Annealing, 9:100, 107
Annuli, corrosion rate in, 2:11
Anode potential, 11:28
Anode reactions,
active-passive transition, 2:16
under film-free conditions, 2:14
with film formation, 2:15
Anodes, 1:75;5:31:9:5, 6;13:9
see also Cathodic protection
aluminium, 11:19, 21, 50
carbon, 11:47
cast iron, 11:42
DSA-titanium, 11:41
electroplating, 13:16
graphite, 11:47, 66
high-silicon iron, 11:43
high-silicon/chromium iron, 11:44
high-silicon/molybdenum iron, 11:44
iron, 11:42
lead, 4:84; 11:44, 67
lead alloy, 4:84
magnesium, 10:51; 11:19; 21, 22
nickel, 14:70
niobium, 11:40, 67
platinised, 11:36, 67, 76
platinum, 11:36
silicon iron, 11:66
silver, 11:40
stainless steel, 11:42
steel, 11:41, 66
tantalum 11:40, 67
tin, 4:146
titanium, 5:46; 11:36, 67, 76
zinc, 4:160, 161, 162; 11:3, 19, 20, 51
zing alloy, 4:160
Anodic behaviour,
nickel, 4:108, 121
solution effect, 4:110
temperature effect, 4:109
nickel alloys, 4:111
Anodic dissolution under film-free
conditions, 2:4
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4 INDEX

Anodic E—i curves, 1:102, 103, 105, 137
active region, 1:104
passive region, 1:107
transpassive region, 1:108
Anodic oxidation coatings. See Coatings
Anodic passivation, 15:28
titanium, 5:46
Anodic passivity, 1:115
Anodic polarisation, 1:203
Anodic processes, 1:115; 9:35, 38
Anodic protection, 1:105, 123; 8:111;
11:112
applications, 11:119, 122, 123
economics, 11:122
electrolyte agitation, 11:117
limitations, 11:119
passivity of metals, 11:113
potentiostat study of, 20:140
practical aspects, 11:118
principles, 11:112
temperature effects, 11:117
Anodic reactions, 1:75, 93, 94, 133; 3:3;
9:34, 36
inhibition, 15:27-30
partial, 1:78
Anodisation comparator, 16:15
Anodising, 16:3
" ¢olour treatments, 16:4, 5
effect on mechanical properties, 16:12
processes, 16:3
Antifreeze solutions, 4:28
Aqueous corrosion, 5:5; 11:6
aluminium and aluminium alloys,
4:14, 29
high-nickel cast irons, 3:100
low-alloy steels, 3:21
nickel, 4:106
tin, 4:144
titanium, 5:37
zirconium, 5:53
surface reaction products, 1:26
Aqueous solutions, 1:52; 8:80; 13:10
Architecture, 3:60
Arrhenium equation, 2:15, 95; 9:30;
13:61
Arsenic, 4:35, 47
Ash. See Fuel ashes
ASTM Standards, 21:78, 79
cleaning, 21:81
coatings, 21:82
corrosion testing, 20:115
materials, 21:80
surface preparation, 21:81
Atmosphere, 2:26-37
composition, 2:28
contaminants, 2:29
controlled, 7:100
impurity concentrations, 2:27
moisture precipitation in, 2:31
Atmospheric corrosion, 3:8; 5:14
aluminium and aluminium alloys, 4:19

Atmospheric corrosion continued
bimetallic, 1:204
buildings, 10:33
cast iron, 3:88
classification, 2:26
copper, 4:39
copper alloys, 4:40
damp, 2:27
electrochemistry of, 2:34
high-chromium cast irons, 3:113
high-nickel cast iron, 3:104
in contaminants from plastics, 19:79
in long-chain fatty acids, 19:79
inhibitors, 18:6
lead, 4:76
low-alloy steels, 3:23; 7:24
magnesium altoys, 4:90
marine, 10:55
nickel-iron alloys, 3:77
niobium, §:26
rates of metals, 14:5
stainless steels, 3:48
steels, 20:9, 88
steelwork, costs, 10:7
structures, 10:33
tantalum, 5:63
tin, 4:143
tinplate, 14:49
uranium, 5:74
wet, 2:27
zinc, 4:154
Atomic power production, 3:63
Atoms, 8:32; 9:88
ATR alloy, §:52, 53
Austenite, 9:113, 117
grain boundaries, 8:31
Autocatalytic process, 1:146
Avtur Test, 2:81
Azelaic acid, 15:29

Babbitt alloys, 4:148
Bacteria, sulphate-reducing, 2:79-80
Bainite, 9:114, 117
Barrel plating, 13:30
Barrier layer, 1:257; 16:6
Bearing metals, tin, 4:148
Bend tests, embrittlement, 8:159
Bending-beam theory, 1:261
Bending stresses,
in bent specimens, 8:166
specimen gripping to avoid, 8:162
Bentonite, 2:64
Beryllium, 1:239; 5:3, 5; 7:106, see also
Copper-beryllium
alloying clement, 5:3
break-away reaction, 5:7
brittleness, 5:3, 4
chemical composition of various
forms, 5:5
corrosion behaviour, 5:5
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Beryllium continued
extraction, 5:4
fabrication, 5:4
galvanic effects, 5:7
in acids, 5:6
in aqueous environments, 5:5
in gaseous environments, 5:7
metallurgy, 5:4
protective measures, 5:8
stress-corrosion cracking, 5:7
surface condition, 5:6
temperature effects, §:7
Bimetallic corrosion, 1:91, 192; 13:41;
15:8; 20:40
aluminium and aluminium alloys, 4:18
beneficial effects, 1:210
catchment area principle, 1:200
compatibility data, 14:6
copper and copper alloys, 4:59
corrosive atmosphere, 1:204
degree of corrosion at bimetallic
contacts (table}), 1:215
dissolved oxygen, 1:197
electrolyte composition, 1:203
general theory, 1:192
hydrogen evolution, 1:202
in atmosphere, 20:89
in buildings and structures, 10:41
in sea-water, 1:219; 3:51
in wood, 19:89
magnesium and magnesium alloys,
4:90, 92, 93
marine engineering, 10:62
molybdenum, 5:20
nickel and nickel alloys, 4:125
nickel-iron alloys, 3:82
protective measures, 1:207, 209
tantalum, 5:68
testing, 20:40
titanium, 5:43
variable polarity, 1:205
zinc, 4:153, 154
Bimetallic couples, 20:32
Birdcage rack, 20:86
Blast cleaning, 20:165
Blister formation, 8:64
Bockris, Devanathan and Muller
isotherm, 9:25, 26
Boiler feed water treatment, 2:41, 45;
18:57; 20:23
treatment, additions, 18:61
alkalinity control with selid chemicals,
18:62
chemical oxygen scavengers, 18:63
conditions, 18:70
distillation, 18:59
film-forming amines, 18:65
hardness removal, 18:58
ion exchange processes, 18:59, 60
metallic impurities, 18:66, 67
precipitation processes, 18:59

Boiler feed water treatment continued
principles of, 18:58
purification, 18:59
removal of dissolved gases, 18:60
softening, 18:58
solutes, 18:66
volatile alkaline additives, 18:64
Boiler tubes, oxygen pitting of, 10:18
Boilers, caustic cracking, 8:44, 45
Boiling heat transfer, 2:20
Boiling nitric acid test, 20:8
Boltzmann’s equation, 1:232
Boric oxide, 7:112
Boudouard reaction, 1:256; 7:102
Brasses, 4:35
aluminium, 20:33
dezincification 1:45, 166, 167; 4:36,
41, 46, 51;20:14
season cracking, 4:36
70/30, 20:33
stress-corrosion cracking, 1:47; 4:56,
8:157
Brazing, 4:19; 10:71
Brazing alloys, 6:16-17
Breakaway corrosion, 5:7; 7:44
mechanism, 1:254
zirconium, 1:225; 5:55
Breakdown potential, 1:154
austenitic irons, 3:102
nickel-chromium alloys, 4:122
titanium, 11:37
Bright dipping, 12:25
Brighteners, 14:70
British Standards,
cathodic protection, 21,78
coatings, 21:72
corrosion testing, 20:109
inhibitors, 21:78
materials, 21:67
stainless steels, 3:32
Brittle fracture, 8:137
Griffith’s theory, 8:133
Brush plating, 13:100
Buildings,
atmospheric corrosion, 10:33
contact corrosion, 10:34
corrosive environment, 10:33
design, 10:33
ferrous metals in air, 10:34
materials of construction, 10:37
non-ferrous metals, 10:42
Burgers vector, 9:96
Buried metal locating instruments, 11:111
Bursting discs, 6:15
Bushings, 6:20

Cadmium, atmospheric corrosion,
contaminants from plastics, 19:79
Cadmium coatings, 14:10, 31
chromate passivation, 16:36
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Cadmium coatings continued
comparison with zinc, 14:33
electroplating. See Cadmium plating,

14:34
nature and degree of protection, 14:31
protection of, 14:33
vacuum deposition, 14:34
Cadmium plating, 1:208; 8:63, 160;
10:57; 14:33
specifications, 14:34

Calcium bicarbonate, 2:42

Calcium carbonate, 2:41, 44

Calcium plumbate, 15:21, 30, 39

Calorising, 14:18, 22, 24
aluminising, 13:59

Campbell test apparatus, 20:71

Canning, 2:98

Capillaries, 20:29

Capillary condensation, 2:32

Carbide formation, 3:47

Carbide inclusions, 5:6

Carbide precipitation, 3:45; 8:47

Carbides,
free-energy diagram, 7:119
segregation, 7:127
from stainless steel containing small

amounts of carbon, 7:129

Carbon, 7:19; 19:3
anodes, 11:47
combination with elements, 19:9
combination with gases, 19:9
corrosion resistance, 19:7
definitions, 19:4
electrical resistivity variation with

temperature, 19:6
forms, 19:3
high-temperature behaviour, 19:8
high-temperature corrosion, 7:7
in acids, 19:7
in alkalis, 19:8
in liquid-metal corrosion, 2:107
manufacturing processes, 19:3
nitrogen solubility in, 2:107
oxidation, 19:9
physical properties, 19:4
temperature effects, 19:6
solution in iron, 7:125
specific heat, variation with
temperature, 19:4
Carbon dioxide, 2:28, 41;5:63, 75;
7:7, 100
in water, 2:40-44; 3:15
oxidation effect, 7:41
saturation coefficient in sea-water,
21:55

Carbon monoxide, 5:63, 75; 7:7, 102

Carbonaceous gases, 7:98

Carburisation, nickel and nickel alloys,

7:98 :
Carnot cycle, 9:60, 61
Cast iron, 2:49; 3:3, 85: 20:33

INDEX

Cast iron continued

anodes, 11:42
atmospheric corrosion, 3:88
austenitic, 3:98-110
scaling, 7:55
composition, 3:85
composition effects, 3:87
corrosion fatigue, 3:96
flake graphite, 3:98
scaling, 7:54
graphisation, 7:48, 49
graphite in, 1:45
graphitic corrosion, 3:102
graphitic residue, 3:86
high-chromium, 3:111
atmospheric corrosion, 3:113
composition, 3:111
corrosion resistance, 3:113
high-chromium cast irons in waters,
3:113
high-temperature, 3:116
in acids, 3:114
in alkalis, 3:116
in salt solutions, 3:116
mechanical properties, 3:112
production, 3:112
structure, 3:111
high-nickel, 3:81, 98
applications, 3:109
aqueous corrosion, 3:100
atmospheric corrosion, 3:104
composition, 3:98
in acids, 3:106
in alkalis, 3:108
in salt solutions, 3:109
in waters, 3:105
mechanical properties, 3:98
high-temperature corrosion, 7:47
growth, 7:47
scaling, 7:50
in acids, 3:94
in alkalis, 3:95
in industrial environments, 3;94
in salt solutions, 3:95
in sea-water, 3:90
in waters, 3:90
velocity effect, 3:91
low-alloy, scaling, 7:54
nodular graphite, scaling, 7:54
oxidation, 7:47, 54, 55
oxide penetration, 7:48
scaling, 7:50
soil corrosion, 3:91
spheroidal graphite, 3:98
stress corrosion cracking, 3:94
structure, 3:85
structure effects, 3:86
tinning, 13:51
types, 3:85
vitreous enamel coating, 17:4

Castings, surface roughness, 12:38
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Catering applications, 3:60
Cathodes, 1:75;9:5, 6;13:9
Cathode potential, 11:28
Cathode sputtering, 13:99
Cathodic depolarisation of ferrous
metals, 2:77-78
Cathodic overvoltage, 11:7
Cathodic processes, 1:115; 9:35, 40
Cathodic protection, 1:44, 56; 3:71, 72;
4:79, 160; 8:53, 58, 65,94, 111,
127, 128;15:27
application, 11:57
attenuation, 11:72
field measurements, 11:72
measurement between drainage
points, 11:73
attenuation constant, 11:14
attenuation curves, £1:13, 15, 73, 74
bimetallic corrosion, 1:208
British Standards, 21:78
buried structures, 11:67
cable types, 11:75
coating resistance, 11:74
comparison of properties of
materials, 11:51
comparison of systems, 11:60
constant current, 11:10
controlled potential, 11:10
criteria of, 11:8 ‘
current density requirements, 11:78
current drain test, 11:64
current requirements, 11:9, 64
deep well groundbeds, 11:71
design of system, 11:63
economics, 11:65, 82
electrical continuity, 11:63
electrical interference, 11:17
electrochemical potential, 11:5
electrochemical principles, 11:6
electrolyte resistivity, 11:65, 108
external power supply, 11:3
factors affecting corrosion rate, 11:9
forced drainage, 11:62
groundbed resistance, 11:70
groundbeds remote from structure,
11:80
impressed-current, 11:34, 60, 81
advantages and disadvantages,
11:62
anode backfill, 11:70
anode materials, 11:34, 66
applications, 11:57
automatically controlled modular
system, 11:78
automatically-thyristor-controlled
systems, 11:78
carbonaceous backfills, 11:49
circulating water systems, 11:76
design, 11:69
manually controlled system, 11:77
in soil, 2:69-71

INDEX

Cathodic protection continued

instruments, 11:97
ancillary, 11:110
‘basic requirements, 11:97
buried metal locating, 11:111
conductivity-measuring, 11:109
current-measuring, 11:144
d.c. indicating, 11:97
high-voltage coating-testing
equipment, 11:110
multicombination, 11:110
potential-measuring, 11:98
recording, 11:110
resistance-measuring, 11:108
resistivity-measuring, 11:106
types, 11:98
interaction, 11:91
estimation methods, 11:92
methods of preventing or reducing,
11:95
internal surface pipelines, 11:16
marine structures, 11:78
measurements, 11:97
mechanism, 11:6
monitoring, 11:5
pH effects, 11:8
pipelines, 11:13, 61, 63, 72, 74
internal surface, 11:82
potential distribution, 11:12
power-impressed anodes, 11:34
power sources, 11:75
principles, 11:3
principles of application, 11:3
rectifier voltage, 11:72
resistivity measurements, 11:67, 106
rod anodes, 11:76
sacrificial anode, 11:4, 11, 18, 60
advantages and disadvantages,
11:61
anode capacity, 11:27
anode efficiency, 11:28
anode potential, 11:28
application, 11:32
area of steel requiring protection,
11:28
backfills, 11:22
cathode potential, 11:28
circulating water systems, 11:76
current densities for protecting steel,
11:31
design parameters, 11:30
effect of electrolyte solution, 11:29
fixing 11:25
general anode requirement, 11:18
inserts, 11:24
manufacturing method, 11:22
material composition, 11:19
method of choosing anode weight
and number, 11:30
output, 11:25
physical shape, 11:22
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Cathodic protection continued
sacrificial anode continued
position in space of anode relative
to steelwork, 11:29
resistivity in waters, 11:25
system life, 11:29
sheet steel piling, 11:80
ships, 11:80
stray-current, 11:62, 91
structure/electrolyte potentials, 11:101
structures applicable, 11:57
structures in sea-water, 11:17
surface area, 11:63
surface coating, 11:6, 9
thermo-electric generators, 11:75
tubular anodes, 11:76
water storage tanks, 11:81
Cathodic reactions, 1:75, 93, 94, 133;
2:13:;3:4;9:30, 36
inhibition, 15:25-27
partial, 1:78
simultaneous, 1:100
Cations, 9:3
Caustic cracking, 2:45; 8:25, 40, 44, 45
Caustic soda solutions, 12:14
Caustic solutions, austenitic steels in,
8:48
Cavitation corrosion, 8:127
Cavitation-damage, 2:60; 8:124
accelerated tests, 8:128
factors influencing resistance of
materials to, 8:126
hydraulic tests, 8:129
impingement attack, 8:127
influence of fluid environment, 8:125
inhibitors, 8:126
marine engineering, 10:66
materials resistant to, 8:131
remedial measures, 8:132
role of corrosion, 8:127
ships’ underwater fittings, 8:124
temperature effects, 8:126
testing procedures, 8:128
vibratory tests, 8:130
Cavitation-grosion, 8:128
assessment of, 20:78
tests, 20:76
Cavitation number, 8:125
Cells,
concentration, 1:75
corrosion, 4:77
electrochemical, 1:74, 80; 20:28
electrolytic, 1:74
e.m.f. of, 9:71
geological, 4:77
occluded, 1:142
permeation, 9:52
reversible, 9:66, 75, 76
Cellulose acetate butyrate coatings,
17:18
Cellulose plastics, 19:60

INDEX

Cellulose products, 3:62
Cementite, 9:112
Cements,
acid-resisting, 19:38
hydraulic, 19:38
resin, 19:38
rubber latex, 19:38
Central heating systems, inhibitors,
18:23
Ceramics, see also Glass-ceramics
high-temperature corrosion, 7:11
Cerium oxides, 1:256
Charge transfer, 1:76, 84
Chemical condensation, 2:33
Chemical corrosion, pitting corrosion,
10:18
Chemical deposition,
aluminium, 14:19
copper, 14:63
Chemical desorption, 9:42, 43, 44, 45
Chemical interaction, 1:20
Chemical passivity, 1:122
Chemical plant, 3:61; 10:10; 19:28;
20:144
aluminium and aluminium alloys in,
4:28
construction stage checks, 10:24
corrosion data, 10:23
corrosion monitoring, 10:26
corrosion testing, 10:23; 20:145
crack detection, 10:26
design, 20:144
influence of process variables, 10:13
design philosophy, 10:12
equipment design, 10:13, 23
equipment requirements, 10:11
erosion corrosion, 10:22
failures, 10:13, 24
general corrosion, 10:14
localised attack, 10:16
maintenance, 10:25, 26
materials schedule, 10:11
materials selection, 10:24
new materials, 10:23
process design, 10:12
remedial measures, 10:31, 32
stress-corrosion cracking, 10:16, 17, 18
tantalum in, 5:71
thickness measurement, 10:26
titanium in, 4:44
zirconium in, 5:56
Chemical potentials, 1:56, 57; 9:63, 68,
75,78 .
Chemical rate constant, 9:29, 33
Chemical rate equation, 9:31, 32
Chemical reactions,
first-order, 9:31
homogencous, 9:28
Chemical reduction, 13:94
Chemicals, 2:83-95
aggressive, 2:92
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Chemicals continued
copper and copper alloys in, 4:52
Corrosion Guide, 2:84
corrosion rate in. See Corrosion rate
corrosiveness data, 2:86
inhibitive, 2:92
lead in, 4:79
molybdenum in, §:22
pH of, 2:87
rationalisation of data, 2:88
sources of information, 2:84
synergistic action, 2:83
tantalum in, 5:62
titanium in, 5:38
zinc in, 4:158
Chemisorption, 9:13
Chloride concentration of natural
waters, 21:60
Chloride ions, 2:95
Chloride melts, aggressiveness, 2:117—
118
Chloride salt baths, 2:118
Chloride solutions, 4:95; 8:54, 75
austenitic steels in, 8:48
Chlorides, 2:30, 45; 7:73, 74; 10:17
inhibitors, 18:25
solid, 8:78
Chlorinated hydrocarbons, 12:4
Chlorinated rubber, paint coatings,
15:20
Chromate treatments, 14:44; 16:33
aluminium, 16:35
cleaning etch for copper and copper
alloys, 16:38
Cronak process, 16:37
etch primers, 16:41, 42
iron, 16:38
magnesium alloys, 4:98; 16:39
passivation of cadmium and zinc
coatings, 16:36
principles of, 16:33
silver, 16:41
tin, 16:41
types, 16:33
Chromic acid, 4:81
Chromising, 13:59, 65
carbon steels, 13:70
cast irons, 13:70
Chromium, 3:23, 25, 27; 7:22, 58 20:48
carbides, 1:41; 7:129, 130, 131
oxides, 1:240; 7:66
Chromium chromate, 16:33
Chromium coatings, 14:12, 87
black deposits, 14:90
chromium-nickel-chromium deposits
14:95
corrosion resistance, 14:90, 93
crack-free, 14:91
decorative, 14:87
diffusion, 13:59
discontinuities, 14:89

Chromium coatings continued
duplex, 14:92
electrodeposition, 14:87
clectrolyte, 14:87
hard, 14:87, 90
methods of applying, 14:87
microcracked, 14:93
microcracked topcoats, 14:74
microporous, 14:93, 95
porosity, 14:89, 91, 94
porous, 14:95
properties, 14:89
self-regulating solutions, 14:88
structure, 14:89
tetrachromate electrolytes, 14:88
trivalent baths, 14:89

Chromium-iron alloys, 1:240

Chromium plating, 13:16, 17, 30
lead in, 4:83

Circulating water systems, cathodic

protection, 11:76

Cladding, 14:6, 20, 97

Clay fraction of soils, 2:64

Cleaning. See Pretreatment

Coatings, 2:38
see also Diffusion coatings;

Electroplating; Hot dipping;
Sprayed coatings; Vitreous
enamel coatings
accelerated testing, 20:21
anodic oxidation, 16:3
corrosion resistance, 16:13
film thickness measurement, 16:13
maintenance, 16:17
porous structure, 16:5
properties of, 16:8
sealing treatment, 16:36
tests, 16:14, 15, 16
ASTM Standards, 21:82
bituminous 15:81
British Standards, 21:72
chemical conversion, 16:1
copper alloys, 14:66
copper-zing alloys, 14:66
DIN Standards, 20:121
electroplated. See Electroplating
epoxide resin, 4:97
galvanic, 8:93
glass, 19:28
holiday detector, 11:110
in buildings and structures, 10:40
ISO Standards, 21:83
marine engineering, 10:58
metallic, 1:208; 5:77;13:1; 14:1
see also Sprayed coatings
anodic, 14:3
brush plating, 13:100
cathode sputtering, 13:99
cathodic, 14:3
chemical reduction, 13:94
decorative, 14:4
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10 INDEX

Coatings continued
metallic continued
discontinuities, 14:3
economics, 14:9
electrical conductivity, 14:9
factors affecting choice of, 14:5
gas plating, 13:98
immersion plating, 13:92
mechanical properties, 14:8
miscellaneous methods, 13:92
peen plating, 13:96
physical properties, 14:8
plasma spray-coating process,
13:100
practicability of application, 14:6
practical use, 14:10
protective action of, 14:3
resistance to corrosive environment,
14:5
temperature resistance, 14:9
vacuum evaporation, 13:97
organic, 5:77; 8:113
behaviour of, 20:96
exposure, 20:97
performance evaluation, 20:98
physical tests, 20:99
service tests of, 20:97
specimen preparation, 20:96
tests, 20:95
thickness of, 20:97
weathering methods, 20:98
paint. See Paint coatings
phosphate. See Phosphate coatings
pipelines, 2:69-70
pretreatment for. See Pretreatment
rubber, cavitation damage resistance,
8:132
steel sheet, 10:39
temporary, 17:21-29
application, 17-26
failure, 17:25
hard-film, 17:22, 26
oil-type, 17:22, 27
selection, 17:26
stushing, 17:27
soft-film, 17:21-22, 26
special modifications, 17:23
strippable, 17:22-23, 27
types, 17:21, 23
uses, 17:23-25
thermoplastic. See Thermoplastic
coatings
tin alloys, 14:56
tin-cadmium alloys, 14:57
tin-copper alloys, 14:58
tin-lead alloys, 14:56
tin-nickel alloys, 14:58
tin-zinc alloys, 14:57
underground, 15:81
coal-tar epoxy, 15:90
cold-applied tapes, 15:88

Coatings continued
underground continued
foam polyurethane, 15:91
laminated tapes, 15:90
petrolatum-type tapes, 15:89
petroleum asphalt or coal-tar pitch,
15:86
plasticised coal tar and petroleum
asphalt enamels, 15:85
polyethylene sheet, 15:91
preparation of metal surface, 15:83
pressure-sensitive tapes, 15:89
properties required, 15:82
straight and filled enamels, 15:86
techniques, 15:84
types of materials, 15:85
weight coatings, 15:91
wrapping materials, 15:87
visual examination, 20:88
Coke breeze anode extender, 11:49
Cold cure process, 15:58
Cold working, 1:36, 47, 49
Colmonoy, 13:90
Combustion of fuels, 7:8
Concentration and velocity interaction,
2:14
Concentration cells, 1:75, 135, 144
Concentration effect on corrosion, 2:3,
89
Concentration gradient, 9:6
Concentration overpotential, 2:8; 9:37
contact corrosion, 10:44
prestressed reinforcement, 10:47
reinforced, inhibitors, 18:30
steel reinforcements, 10:46
water pipes in contact with, 10:50
Condensation, 2:29
capillary, 2:32
chemical, 2:33
Condenser tubes, 4:45, 48; 20:21, 22, 71
Condenser water-boxes, 4:50
Condensers, 10:61
inhibitors, 18:24
Confectionery, 2:99
Constants in SI units, 21:11
Construction materials,
corrosion rates, 20:85
for foodstuffs, 2:96
Contact corrosion,
buildings, 10:34
concrete, 10:44
pipes, 10:50
plastics, 19:78, 79
structures, 10:34
wood, 10:44; 19:89
Contaminants, elimination of, 18:5
Conventional combinations, 2:46
Cooling systems, inhibition, 18:19
Co-ordination number, 9:89, 101, 102;
13:12
Copper, 2:49, 57; 3:21, 23, 27, 87, 88§;
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Copper continued
4:33
action on stainless steel, 20:61
atmospheric corrosion, 4:39
contaminants from plastics, 19:79

bimetallic corrosion, 4:59
chromate cleaning etch, 16:38
corrosion behaviour, 4:36
corrosion fatigue, 4:43
corrosion inhibition, 18:50
corrosion products, 4:39
corrosion rates, 21:64
electrode potential relationships, 4:37
electrodes, 4:37
green patina, 4:39, 40
green staining, 4:51
impingement attack, 4:45, 51
in acids, 4:53
in alkalis, 4:53
in buildings and structures, 10:42
in chemical environments, 4:52
in contact with concrete, 10:45
in feed water, 18:66
in graphite, 4:59
in sea-water, 4:45
in waters, 4:44, 51
oxidation, 4:54
oxide film, 4:55
oxides, 1:230
pipes, 10:49
pitting corrosion, 1:163, 165; 4:47, 52
properties, 4:33
protective measures, 4:58
purity grades, 4:33
scaling, 4:54
soil corrosion, 4:43
tanks, 10:51
tin coating, 14:54
tinning, 13:52

Copper alloys, 2:58; 4:33
see also Brasses
applications, 4:48, 52, 56
atmospheric corrosion, 4:40

contaminants from plastics, 19:79

bimetallic corrosion, 4:59
cast, 4:33
chemical cleaning, 20:107
chromate cleaning etch, 16:38
coatings, 14:66
composition, 4:33
condenser tubes, 4:45, 48
corrosion behaviour, 4:36
corrosion fatigue, 4:43
deposit attack, 4:47
descaling, 12:13
distillation plant, 4;50
impingement attack, 2:60; 4:45, 51
in acids, 4:53
in alkalis, 4:53
in chemical environments, 4:52
In sea-water, 4:45

Copper alloys continued
in waters, 4:44, 51
marine applications, 4:50
mechanical properties, 4:33
oxidation, 4:55
pitting corrosion, 4:47, 52
protective measures, 4:58
season cracking, 4:56
selective attack, 4:47
soil corrosion, 4:43
stress-corrosion cracking, 1:47; 4:56,
58
tin coating, 14:54
welding, 10:80
wrought, 4:33
Copper-beryllium, 5:3
Copper coatings, 13:16; 14:12
applications, 14:61
chemical deposition, 14:63
copper cyanide bath, 14:64
corrosion resistance, 14:64
cyanide baths, 14:62
mechanical properties, 14:65
porosity, 14:64
properties of, 14:63
pyrophosphate bath, 14:63
solutions, 14:62
sprayed, 13:87
sulphate bath, 14:62
Copper-nickel alloys, 1:247; 4:35, 48
oxidation, 1:237
phase diagram, 9:106
Copper plating. See Copper coatings
Copper steels, 3:21, 28
Copper-zinc alloys,
coatings, 14:66
phase diagram, 9:111
Coring, 9:107
Corrodkote test, 20:48
Corrosion,
anaerobic, 2:79
atmospheric. See Atmospheric
corrosion
basic concepts of, 1:3
bimetallic. See Bimetallic corrosion
classification of processes, 1:14, 16
concept of, 1:55
costs of, 10:3, 6
crevice. See Crevice corrosion
definition, 1:4, 6; 18:9
deterioration, definition, 1:5
dry, 1:16-18; 7:3
electrochemical. See Electrochemical
corrosion
hot. See High-temperature corrosion
in aqueous solutions. See Aqueous
solutions
inhibition. See Inhibition
liquid-metal. See Liquid-metal
corrosion
localised. See Localised corrosion
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Corrosion continued
‘long-line’, 2:63
mechanism of, 1:7; 15:24
metallic, 1:4
metallurgy relevant to, 9:88
microbial. See Microbial corrosion
phenomena of, 1:6
principles of, 1:13
soil. See Soil corrosion; Soils
stray-current, 2:63, 70
terminology, 1:14
thermogalvanic. See Thermogalvanic
corrosion
transformation definition, 1:4
types of, 1:11, 131
wet, 1:16, 18;7:3; 13:41
Corrosion allowance, 10:13
Corrosion control, 1.6
Corrosion-erosion, control of, 1:173
Corrosion failure, 1:13
Corrosion fatigue, 8:96, 112
cast iron, 3:96
constant-stress contours, 8:104
constant total damage surface, 8:103
copper and copper alloys, 4:43
corrosive environment, 8:106
curves, 8:102, 108
data, 8:101
effect of hydrogen in steel, 8:70
electrochemical measurements, 8:105
endurance limits, 8:113
failure detection, 8:107
marine engineering, 10:65
mechanism, 8:97
nickel coatings, 14:78
potential measurements, 8:105
prevention, 8:110
rate of damage, 8:103
stainless steels, 3:59
test duration, 8:101
testing, 8:109, 110; 20:73
titanium, 5:43
welded structures, 10:80
Corrosion Guide, 2:84
Corrosion interaction, 11:91
Corrosion interference, 11:91
Corrosion monitoring, 10:11; 20:15,
144
chemical plant, 10:26
crack detection, 10:26
eddy-current methods, 20:153
electrical resistance monitors, 10:28
electrical resistance probes, 20:146
instrumentation, 20:148
polarisation-resistance probes, 20:149
retractability, 10:30
thickness measurement, 10:26
ultrasonic methods, 20:151
variables affecting, 20:145
weight-loss coupons, 10:27
Corrosion potential, 1:85, 136, 192, 195,

INDEX

Corrosion potential continued

196, 203; 8:40, 41, 43, 54, 156;

9:81, 83;20:37, 126
electroplating, 13:23
measurement, 10:29; 20:29, 32

Corrosion products, 1:8, 22, 27; 2:87

accumulation of, 20:11
contamination of, 20:15
copper, 4:39

effect of temperature, 2:49
effect on corrosion rate, 2:35
formation of, 20:14
high-temperature water, 20:136
insoluble, 2:27

removal of 20:16, 106
soluble, 2:27

thin films, 20:15

Corrosion racks, 20:86, 93, 94
Corrosion rate, 1:12, 53, 76; 3:16

and Tafel slopes, simultaneous
determinations of, 20:38

calculation, 2:89

changes with time, 20:6, 8

construction materials, 20:85

conversion factors, 21:62

conversion formula, 20:13

copper, 21:64

decreasing with increase in
temperature, 2:89, 93-95

decreasing with increasing
concentration, 2:89

determination of, 2:116-118

effect of corrosion products, 2:27, 35

effect of surface roughness, 2:21

effect of temperature, 2:13, 30

effect of velocity, 2:7

effect on anion concentration, 2:3

electrochemical determination of,
20:27

evaluation, 1:80

factors controlling, 1:73

Freundlich adsorption isotherm, 2:6

Freundlich equation, 2:5

galvanic, 1:196

graphical method, 1:89

heat-flux, 20:26

in pipes and annuli, 2:11

in sea water, 2:55

increasing with increasing concentra-
tion and temperature, 2:89

iron, 21:64

linear polarisation method for, 20:36

maximum at certain concentration,
2:91

metals, 21:63

monitoring, 20:36

non-uniform, 2:95

prediction of 2:88, 94

Stern-Geary technique, 20:33

uniform corrosion, 2:88

zero, 11:8
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Corrosion reaction, 1:6, 8
chemical, 1:19, 20
classification of, 1:20
detection of intermediates in, 20:139
electrochemical, 1:19, 20
kinetics of, 1:53
thermodynamics of, 1:53, 56
Corrosion resistance, 20:44
dynamic, 8:106
effects of composition and heat
treatment on, 20:128
static, 8:106
Corrosion testing, 20:1
accelerated, 20:21, 43
CASS, 20:48
cathodic breakdown test, 20:46
Corrodkote, 20:48
electrochemical, 20:53
electrolytic, 20:43, 44
electrolytic oxalic acid etching,
20:44
FACT, 20:44
impedance (Aztac), 20:46
PASS, 20:46
salt droplet test, 20:49
spray, 20:47, 50
sulphur dioxide, 20:50
weathering steels, 20:51
active or passive materials, 20:5
air-stream, 20:22
alternating-immersion, 20:23
anodi(g oxidation coatings, 14:14, 15,
1
ASTM Standards, 20:115
atmospheric, 20:14, 87, 89
bimetallic, 20:40
British Standards, 20:109
cavitation-erosion, 20:76
chemical plant, 10:23; 20:145
chemical treatment prior to, 20:5
classification, 20:3
coatings, 20:88
corrosion fatigue, 20:73
corrosion potential, 20:32
corrosion racks, 20:86
crevice corrosion, 20:67
damage appraisal of, 20:11
DIN Standards, 20:119
duration of exposure, 20:8
electrochemical, 20:26
accelerated, weathering steels, 20:53
instruments, 20:28
measurements used, 20:28 "
reference electrodes, 20:28, 32
specimen mounting, 20:32
stainless steels, 20:65
electrochemical cells, 20:28
electrochemical techniques, 20:27
electrolytic, accelerated, 20:43
exposure methods, 20:86
fretting corrosion, 20:78

13

Corrosion testing continued

fused salts, 20:79
galvanic, 20:49, 89
general aspects, 20:3
heat-flux effects in, 20:24
heat treatment, 20:9
impingement, 20:71
intergranular attack of Cr-Ni-Fe
alloys, 20:55
boiling HNO; test (Huey test),
20:58, 63, 64
boiling H,S0, + CuSo, tests, 20:60
electrochemical tests, 20:65
electrolytic oxalic acid etching test,
20:64
HNO;-HF test, 20:62
H;S0, +Fe,(50,), test (Streicher
test), 20:63
1.S.0. Standards, 20:121
jet-impingement, 20:21, 71
laboratory methods, 20:16
liquid metals, 20:79
loop-test installations, 20:83
natural waters, 20:93
martensitic steels, 20:64
number of replicate specimens, 20:6
organic coatings, 20:95
pitting corrosion, 20:67
plant tests, 20:85
polarisation resistance, 20:33
applications, 30:35
Tafel constants, 20:35
preliminary, 20:6
procedures, 20:4
sea-water, 20:94
soil, 20:9, 43, 95
special processes, 20:15
specimen marking for identification,
20:6
specimen requirements, 20:5
specimens, plant tests, 20:87
strength properties, 20:14
stress-corrosion cracking. See Stress-
corrosion cracking
stress effects, 20:10
surface preparation, 20:4
total-immersion, 20:16
aeration control, 20:17
support of specimens, 20:23
temperature control, 20:17
velocity control, 20:18
volume of testing solution, 20:23
water, 20:9
water-line, 20:24
weathering, 20:89, 98
weighing of specimens, 20:5, 11
weight-gain determinations, 20:11
weight-loss determinations, 20:11
welds, 20:7

Corrosion zone. See Potential-pH

diagrams
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Costs, corrosion control, 0:2
of corrosion, 10:3, 6
of protection of steelwork, 10:7
Coupons, 20:146
Crack detection, chemical plant, 10:26
Crack propagation, 3:72 - -
Cracking,
caustic. See Caustic cracking
stress-corrosion. See Stress-corrosion
cracking
transgranular, 3:74
Crevice corrosion, 1:134, 143, 151;
2:58:8:112:13:43;20:12, 23, 26,
126
control methods, 1:148
mechanism of, 1:145
mild steel, 1:145
resistance, 1:148
stainless steels, 1:144
tests, 20:67
titanium, 1:147, 148;5:43
welds, 10:21
with and without heat transfer, 10:19
Critical pitting potential, 20:129
Cronak process, 16:37
Crystal defects, 1:50; 9:91 e seq.
active dissolution, energy
considerations, 1:34
effects on corrosion, 1:33
Crystal planes, 9:89
Crystal structure: 1:34; 9:88 e seq.
Current density, 1:79, 87, 94, 116, 136;
11:31, 78
and | gm~2d"' or 1 mmy~
relationship, 21:64
critical, 1:104, 105
exchange, 9:81; 11:7
maximum or limiting, 9:40
Cyanide solutions, 1:60

1

Damage appraisal of corrosion testing,
20:11
Daniell cell, 1:80, 81, 82
Deaeration, bimetallic corrosion, 1:208
De-alloying, potential-pH dependence
of, 20:132
Debye-Hiickel limiting law, 9:65
Degreasing. See Pretreatment
Delayed failure, 8:161
Derusting. See Rust removal
Decscaling. See Scale removal
Desiccating agents, 18:3, 5
Design,
buildings, 10:33
chemical plant: See Chemical plant
electroplated coatings, 12:28-34
Jjoining, 10:68
marine engineering. See Marine
engineering
overdesign, 10:5

INDEX

Design continued
paint coatings, 12:35-43
structures, 10:33
welding, 10:68
Desulphovibrio, 2:78, 81
Dezincification, 1:45, 166, 167; 4:36, 41,
46, 51;20:14
mechanism, 1:167
of brasses, 4:46, 51
Dew, 2:31, 32
Dew point, 2:29, 31
depression, 2:29
Difference potential, 20:70
Differential aeration, 1:135
examples of, 1:138
pH in, 1:137
Diffusion, 1:99, 243 4:54; 5:75,7:14,
80;9:38, 91
anionic, 1:244, 246, 248, 258
cationic, 1:244, 248
hydrogen in steel, 8:67
path length for, 2:9
polymers, 19:59
soltd-solid, 13:61
theory of 13:60
voids in, 1:250
Diffusion barriers, 1:248; 18:38
Diffusion coatings, 13:58
aluminising, superalloys, 13:71
characteristics of, 13:68
chromising, 13:65
alloy steels, 13:71
carbon steels, 13:70
cast irons, 13:70
coating thickness, 13:68
cobalt and cobalt alloys, 13:71
nickel and nickel alloys, 13:71
deposition methods, 13:61
ferrous materials, 13:68
gas-phase deposition, 13:62
interchange reaction, 13:62
iron-aluminium alloys, 14:25
metals applied by, 13:58
molten bath deposition, 13:65
principles of, 13:58
processes, 13:59
properties of, 13:72
rediffusion, 13:73
reduction reaction, 13:64
solid-solid, 13:61
theory, 13:60
Diffusion coefficient, 1:227, 232, 8:67;
9:50; 13:60, 61; 21:33
Diffusion-controlled process, 2:18
Dilute solutions, 7:122
effects of large amounts of alloying
elements, 7:127
in solid iron, 7:124
Dimensionally Stabilised Anode, 11:41
DIN Standards,
coatings, 20:121
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DIN Standards continued
. corrosion testing, 20:119
inhibitors, 20:121
Di-phase cleaners, 12:8
Dislocations, 8:33, 56, 71, 72; 9:94, 95,
97, 98, 104, 121, 122
Dispersion forces, 19:57
Dispersion hardening. See Precipitation
hardening
Dissimilar metals, 1:192; 15:8
Dissolution, 1:120, 121
in porous oxide formation, 1:258
process, 2:5
Distensibility, coatings, 20:99
Distillation process, 4:50
Ditch structures, 20:64
Double oxides, structures, thermal data
and molecular volumes, 21:47
Dry corrosion, 1:16-18; 7:3
Drying oils for paint coatings, 15:12
Dunnage factor, 18:4

Ebonite, 19:65, 67
Economics, 10:3
discounted cash flow, 10:7, 12
loss of production, 10:4
losses resulting from corrosion, 10:6
maintenance of standby plant and
equipment, 10:5
net present value, 10:8
overdesign, 10:5
paint coatings, 15:69, 79
paint finishes, 15:58
product contamination, 10:5
reduction of efficiency, 10:5
Edible oils, 2:99
Eddy-current methods of corrosion
monitoring, 20:153
Elastomers. See Rubber
Electrical double layer, 9:6, 10, 22;
18:40:; 20:27
Gouy-Chapman model, 9:16
Helmholz model, 9:6, 15
Helmholz model structure, 9:19
Stern model, 9:17
structure, 9:19
Electrical potential, 5:46
Electrical resistance probes, 20:146
Electrical triple layer, 9:22
Electrocapillary curves, 9:9, 11
Electrochemical cells, 1:74, 80; 20:28
Electrochemical corrosion, 1:52, 73;
2:115
lead, 4:77
mechanism, 2:52, 73
zinc, 5:153
Electrochemical desorption, 9:42, 43, 44,
45
Electrochemical measurements in
corrosion testing, 20:26

Electrochemical potential, 11:5; 20:128
Electrochemical rate constant, 9:33
Electrochemical reaction rate, 9:30
Electrochemical reactions, 1:20
Electrochemistry, 9:3
Electrocure process, 15:58
Electrode area, 1:79
Electrode potential, 1:82; 9:75, 79;
20:22
see also Standard electrode potential
copper, 4:37
magnesium, 4:90
Electrode reactions, 21:38
fast, potentiostatic transient
investigation, 20:141
inhibitors in, 18:39
Electrodes, 1:74
copper, 4:37
first kind, 9:78
hydrogen, 9:77, 78
kinetics, 9:28
oxide, 9:83
polarisable and non-polarisable, 9:76
polarisation studies, 20:30
reference. See Reference electrodes
reversible and irreversible, 9:75
rotating disc-ring, 20:139
second kind, 9:78
Electroforming, nickel coatings, 14:85
Electrolytes, 9:3; 13:7, 10; 14:99
Electrolytic cell, 1:74
Electrolytic cleaners, 12:9-10
Electrolytic composition in bimetallic
corrosion, 1:203
Electrolytic conduction, 9:5
Electron acceptor, 1:93
Electron conductivity, 1:120
Electronic conduction, 9:6
Electrophoretic coatings, aluminium,
14:19
Electroplating, 8:111; 13:3
addition agents, 13:15
additional ingredients, 13:15
aluminium and aluminium alloys,
13:22;14:19
anode behaviour, 13:18
anodes, 13:16
application, 12:28
barre! plating, 13:30
British Standards, 12:28, 34
brush plating, 13:31
‘burners’ or ‘robbers’, 12:30
burnt coatings, 13:29
cadmium. See Cadmium plating
cathode corrosion, 13:19 ,
chromium. See Chromium plating
conducting salts, 13:15
contamination of plating solutions,
12:33
copper. 13:16
corrosion potentials, 13:23
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Electroplating continued

corrosion resistance, 12:33

criterion of failure, 13:32

current density, 12:29-30

current path geometry, 13:35

current supply, 13:29

deposit distribution, 12:28

deposit uniformity, 12:32

design for corrosion protection by,

12:28-34

design considerations, 12:32-34

electrodeposit properties, 13:32
composition, 13:36
internal stress, 13:37
mechanical properties, 13:38
porosity, 13:41
structure-dependent, 13:36

electrolyte effects, 13:29

electrolytes, 13:10

epitaxy, 13:23

flash, 13:21

flow melting, 13:32

gold, 13:17

hydrogen absorption, 8:63

industrial techniques, 13:30

mechanical pretreatments, 13:7

mechanism, 13:7

nickel. See Nickel coatings

noble metals. See Noble metal

coatings

non-aqueous, 13:12

non-epitaxial, 13:25

origin, 13:3

passive alloys, 13:21

periodic reverse current, 13:30

plastics, 15:57

platinum. See Platinum coatings

porosity, 12:33

post-plating treatments, 13:32, 44
pretreatment, 13:4
metallic substrates, 13:4
non-conductors, 13:6

processes, 13:7

properties of coating, 12:32

pseudomorphism, 13:23, 26

rinsing, 13:31

service corrosion effects, 13:22

shields, 12:31

silver, 13:20

simple and complex ions, 13:12

strike baths, 13:20

structural factors, 13:23

substrates, 13:4, 23
interdiffusion with, 13:40
metallic, 13:4
non-conductors, 13:6

thickness of deposit, 12:28, 32

throwing index, 13:33, 35

throwing power, 12:32, 33

tin. See Tinplate

vat plating, 13:30

INDEX

Electroplating continued
zinc diecastings, 13:19
Electropolishing, 12:25
Embrittlement, 7:90
pressure theory, 8:137
Embrittlement detector, 8:157
E.m.f. of cell, 9:71
E.m.f. series of metals, 9:79
Emulsion cleaners, 12:7
Enamel coatings, vitreous. See Vitreous
enamel coatings
Energy balance approach to fracture, 8:3
Enthalpy, 9:59
free, 9:62
Entropy, 7:123; 9:60
Environment, 1:8, 11, 22 2:1-60
micro, 2:28
Environmental conditions, 1:4, 6, 8, 22
Epitaxy, 13:23
Epoxide resins, 19:62
magnesium alloys, 4:97
paint coatings, 15:18
Epoxy resins, 15:53
Equilibrium constant, 9:68
Equilibrium e.m.f.s., sign convention,
9:69
Equilibrium phase diagrams. See Phase
diagrams
Equilibrium potentials, 1:91; 9:69
Equilibrium state, predictions of, 1:53
Erosion-corrosion, 1:169
by boiler water, 20:23
chemical plant, 10:22
titanium, 5:42
Etch primers, 15:47-48, 55; 16:41, 42
Etching,
of grain boundaries, 1:36
of metallographic surfaces, 1:34, 36
selective, 20:133
Ethylene glycol, 4:28
Eutectic reaction, 9:107, 112
Eutectoid reaction, 9:111, 112
Evans’ diagrams, 1:90, 91, 92
Excess charge of interface, 9:8
Exchange current densities, 21:37, 38
hydrogen evolution reaction, 21:37
Exfoliation, 1:43
Exhaust valves, 7:108

Fabrication stresses, 8:44, 45

Failure, 2:103

False form, 13:23

Faradaic mass transfer, 2:116

Faraday’s law, 1:76, 131, 193; 2:10;
11:27

Fast electrode reactions, potentiostatic
transient investigation, 20:141

Fasteners, 10:68

Fatigue, corrosion. See Corrosion fatigue

Fatigue strength, nickel coatings, 14:78
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Fatty acids, 3:62;19:79
Ferrite, 3:35,45;9:117, 118
Ferrobacillus ferro-oxidans, 2:74, 76
Fertilisers, 3:62
Fick’s law, 2:8:9:40
Filiform corrosion, 1:148; 15:47
aluminium alloys, 4:17
mechanism of, 1:150
relative humidity in, 1:149
Filigran corrosion, 15:47
Film. See also Oxide films
Film breakdown
and repair, 20:33
by undermining, 1:126
chemical, 1:125
electrochemical, 1:124
mechanical, 1:126
Film dissolution,
chemical, 1:121
electrical, 1:120
mechanical, 1:121
oxidative, 1:125
Film formation, 1:5; 2:6, 15, 33, 35, 58,
87,94, 8:10; 15:28
effect of flow, 2:12
second barrier, 2:88
Film nucleation and growth, 1:117
Film rupture, 8:17
Film thickness, effective, 2:9
Fine abrasive blasting, 12:12
Finger-print cracking, 8:78
Fish products, 2:100
Flade potential, 1:105; 11:113, 119;
18:42
Flame descaling, 12:10
Flexure method for oxide stresses, 1:260
Flow,
effect on film formation, 2:12
laminar, 2:9
turbulent, 2:9, 12
Flow rate,
effect on corrosion rate, 2:7
of water, 2:49
Fluidised bed process, 15:5
Fluorides, 7:111
Fogging, nickel, 4:126
Food and drink production and
distribution, 3:61
Foodstuffs, 2:96-101
alcoholic beverages, 2:99
confectionery, 2:99
construction materials for, 2:96
corrosive effects, 2:96
edible oils, 2:99
fish products, 2:100
fruit juices, 2:97
liquid, 2:97
meat products, 2:100
milk, 2:98
sugar products, 2:99
vegetable processing, 2:100

Ford Anodised Aluminium Corrosion
Test (FACT) 16:15
Fracture,
delayed failure, 8:161
energy balance approach to, 8:3
unstable, 8:134
Fracture mechanics, 8:45, 56, 69, 82, 133
hydrogen embrittlement, 8:137
stress-corrosion cracking, 8:136, 150
Fracture toughness, 8:134
Free energy, 1:53-56, 82; 7:115, 117;
9:77
Free-energy diagrams, 7:117, 118, 119,
124, 127
Fretting corrosion, 8:114
amplitude of slip, 8:116
atmosphere effects, 8:115
characteristics of, 8:115
definition and terminology, 8:114
frequency of oscillation, 8:116
hardness effects, 8:116
incidence, 8:114
load effect, 8:116
lubricant effects, 8:117
mechanism, 8:117
nickel coating, 14:79
number of cycles, 8:116
prevention measures, 8:119
temperature effects, 8:115
temperature effects, 8:119
tests, 20:78
Fretting fatigue, 8:120
prevention of, 8:123
Freundlich adsorption law, 2:5, 6, 18,
88, 95
Frit, 17:3, 5, 8
Fruit juices, 2:97
Frumkin isotherm, 9:27
Fuel-ash corrosion, 2:110; 7:9, 10, 32,
72,75, 76
nickel and nickel alloys in, 7:105
Fuel combustion, 7:8
Fungi, isolation and enumeration media,

Furan resins, 19:62

Fused salts, 2:110-115
aggressiveness, 2:115
aluminium and aluminium alloys in,

4:30

behaviour of metals in, 20:138
container metal for, 2:112
corrosion conditions, 2:113
corrosion data, 2:117
corrosion mechanism, 2:111
corrosion rates, 2:116-118
corrosion tests, 20:79
displacement reaction, 2:111
dynamic tests, 20:82
electrochemical corrosicn, 2:115
high-alloy steels in, 7:75
high-temperature corrosion, 7:11
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Fused salts continued
loop tests, 20:83
measures to reduce corrosion in, 2:118
metal/melt systems, 2:113
molybdenum in, 5:19
nickel and nickel alloys in, 7:109
regenerators, 2:118
selective attack, 2:116
solubility variations, 20:81
special features of corrosion, 2:115
stability diagrams, 20:138
stainless steels in, 3:58
static tests, 20:81
thermal mass transfer, 2:115-116
Fused silica, 19:11, 25, 26

Galling, nickel coatings, 14:79
Galvanic cells, 4:78
Galvanic coatings, 8:93
Galvanic corrosion. See Bimetallic
corrosion
Galvanic coupling, beneficial effects,
1:210
Galvanic effects, 20:92
beryllium, 5:7
in galvanic couple, 20:41
of fastening, 20:92
Galvanic series, 21:30, 31
Galvanising,
continuous strip, 13:54
sheet steel and fabricated articles,
13:52
Galvanometer, 11:105
Galvanostatic methods, 1:103, 104
Galvanostatic transients, 20:34
Gas(es),
aluminium in, 4:19
beryllium in, 5:7
carbon oxide, 7:100
carbonaceous, 7:98
combustion, in oxidation, 7:60
dissolved in sea water, 2:54
dissolved in water, 2:40
evolution of, 21:37
flue, 7:93
flue gas, 7:31, 66
in sea-water, 21:54
in soil, 2:65
in water, 3:15
industrial, 7:72
lead in, 4:79
molybdenum in, 5:19
nickel and nickel alloys in, 4:134
niobium in, 5:28
oxidising, 7:72
solubility in metals, 7:127
solubility in water, 21:53
sulphur-containing, 7:7
tantalum in, 5:63
uranium in, 5:75

Gas(es) continued
waste, 7:8
Gas-flow-rate effects, 7:6
Gas-metal systems, thermodynamics,
7:115
Gas plating, 13:98
Geological cells, 4:77
Gerber relationship, 8:123
Gibbs absorption equation, 9:14
Gibbs-Duhem relation, 7:132; 9:65, 66
Gibbs free energy, 9:62, 75, 76
Gibbs-Helmholz equation, 9:63
Gibbs’ phase rule, 9:103
Gibbs surface excess, 9:14
Glass, 19:10
chemical attack, 19:20
chemical properties, 19:16
cleaning, 19:20
coatings, 19:28
commercial, 19:10
compositions, 19:10
corrosion mechanism, 19:, 18, 19, 20
corrosion properties, 19:18
durability tests, 19:16
grain tests, 19:16
high-temperature ¢orrosion, 7:11
in acids, 19:20
in alkalis, 19:20
in water, 19:20
lining processes, 19:30
linings, 19:28
chemical properties, 19:31
mechanical properties, 19:30
thermal properties, 19:30
thermal shock resistance, 19:30
mechanical properties, 19:15
network-formers, 19:19
physical properties, 19:12
preparation, 19:28
surface, 19:18
whole article tests, 19:17
Glass-ceramics, 19:21
chemical durability, 19:21
chemical resistance data, 19:23
definition, 19:21
general characteristics, 19:21
makers’ data, 19:23
properties, 19:21
Glass fibres, 19:21, 17
Glossary of terms, 22:3
Gold,
anodic behaviour, 6:18
chemical properties, 6:9-10
high-temperature properties, 6:13
physical and mechanical properties,
6:5
standard electrode potentials of gold
systems, 6:9
working, 6:21
Gold coatings, 14:15, 97, 100
Gold plating, 13:17
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Gold-platinum alloys, spinnerets, 6:16
Grain boundaries, 9:99, 104, 123
etching of, 1:36
Grain-boundary corrosion, 8:8, 31
potentiostatic methods, 20:134
Grain size and stress-corrosion cracking,
8:12
Grain structure, 9:99
and stress-corrosion behaviour, 1:43
effect on corrosion, 1:43
Grains, 9:98
Graphite, ‘
anodes, 11:47, 66
copper in, 4:59
in cast iron, 1:45
Graphite corrosion, 3:17, 90, 102
Graphitic residue, 3:86
Graphitisation, cast iron, 7:48, 49
Greases,
additives in, 2:124
removal of 12:3-10
Green-rot, 7:9, 101, 102
Griffith’s theory of brittle fracture, 8:133
Grignard reaction, 1:19
Grit blasting, 12:10
Gunmetals, 4:35

Halogens, 3:58
high-temperature corrosion, 7:11
Hard facing, 13:90
Hardness,
coatings, 20:99
effect of hydrogen in steel, 8:71
water, 21:61
Haring-Blum cathode, 13:33
Haring-Blum cell, 13:34-35
Hastelloy alloys, 7:87
Hastelloy B, 4:111, 119
Hastelloy C, 4:120
Hastelloy F, 4:114
Hastelloy G, 4:114
Hastelloy N, 4:119; 7:111
Hastelloy W, 7:87
Heat content, 9:59
Heat effects of welding, 20:7
Heat exchanger tubes 10:19, 22, 26
Heat exchangers, 2:21; 10:61
Heat flow through heat-transfer surfaces,
20:25
Heat-flux corrosion rates, 20:26
Heat-flux effects in corrosion testing,
20:24
Heat transfer, 2:19
boiling, 2:20
Heat-transfer surfaces, heat flow
through, 20:25
Heat treatment,
corrosion testing, 20:9
effect on stress-corrosion cracking of
ferritic steel, 8:35

Heat treatment continued
effect on stress-corrosion susceptibility,
1:48
evaluation of, 20:8
Henry’s Law, 7:122, 124
Hetergeneous system, 9:57
High-strength steels, hydrogen embrittle-
ment, 8:158
High-temperature corrosion, 7:3
see also Oxidation, high-temperature
air, 7:4
aluminium and aluminium alloys, 4:29
ash effect, 7:9
ash formation, 7:10
atmospheres, 7:24
carbon and oxides of carbon, 7:7; 19:8
cast iron. See Cast iron, high-
temperature corrosion
ceramics, 7:11
combustion products, 7:8
glasses, 7:11
green rot, 7:9, 101, 102
halogens, 7:11
high-alloy steels. See Steels, high-alloy
high-chromium cast irons, 3:116
hydrogen, 7:7
impurity effects, 7:5
low-alloy steels, 7:22
maraging steel; 3:75
molten salts, 7:11
nickel and nickel alloys, 4:136
nitrogen, 7:8
oxygen, 7:4
pressure effects, 7:6
refractories, 7:11
silicon-iron alloys, 3:126
steam, 7:6
nickel and nickel alloys in, 4:135
stress effects, 7:3
sulphur-containing gases, 7:7
titanium, 5:44
uranium, 5:75
Holiday detector, 11:110
Hollow ware, paint coatings, 12:42
Homogeneous system, 9:57
Hot corrosion. See High-temperature
corrosion
Hot dipping, 13:48
aluminising, 13:55
alloy formation, 13:56
continuous strip, 13:55
heat-resistant coatings, 13:56
structure, 13:57
aluminium, 14:18, 20, 24
galvanising,
continuous strip, 13:54
sheet steel and fabricated articles,
13:52
limitations, 13:48
paint coatings, 15:61
principles of, 13:49
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Hot dipping continued
process stages, 13:48
terne coatings, 13:52
tin, 14:6
tinning,
cast iron, 13:51
copper, 13:52
fabricated steel articles, 13:50
steel strip, 13:51
zinc, 14:6, 39, 40
Hot-wall effect, 20:25
Huey test, 20:58, 63, 64
Hull cell cathode, 13:34
Humidity effects in rusting, 3:5, 6
Humidity tests, phosphate coatings,
16:29
Hydraulic cement, 19:38
Hydraulic tests, cavitation damage,
8:129
Hydrocarbons, chlorinated, 12:4
Hydrochloric acid, 3:53, 121; 4:80,
5:53, 54, 65, 69
for pickling, 12:19
Hydrogen, 5:63; 7:72
adsorption, 9:49
high-temperature corrosion, 7:7
liquid-metal corrosion, 2:108
in steel,
diffusion, 8:67
effect on mechanical properties,
8:68
fatigue properties, 8:70
hardness, 8:71
internal friction, 8:71
sources of, 8:63
state and location of, 8:66
Hydrogen absorption, 8:63, 65, 67, 79;
9:49
acid pickling, 8:64
electroplating, 8:63
Hydrogen adsorption, 8:42
Hydrogen chloride, 5:8
Hydrogen cracking, 8:47
Hydrogen diffusivity, 8:23
Hydrogen electrode, 9:77, 78
Hydrogen embrittlement, 1:50; 3:71;
8:7, 14, 15, 23, 62, 64, 65, 68;
12:9, 17; 14:34, 66, 79
bend tests, 8:70
dynamic tests, 8:159
electrochemical aspects, 9:52
failure process, 8:69
fracture mechanics, 8:137
high-strength steels, 8:75, 158
models of, 8:72
static tests, 8:160
tantalum, 5:62
theories, 8:71
Hydrogen evolution, 1:202; 2:13; 8:64,
65
aqueous solution, 21:35

INDEX

Hydrogen evolution continued

iron, 9:49
Hydrogen evolution reaction, 1:93;

9:41, 47

exchange current densities for, 21:37
Hydrogen permeation,

potentiostat studies, 20:137

through iron, 9:49, 55
Hydrogen peroxide, 4:28
Hydrogen probes, 20:154
Hydrogen sulphide, 2:30, 40, 78, 79
Hydrogen trapping, 8:66, 67
Hydrogenase determination, 2:80
Hydroxyl ion adsorption, 2:4

Thrigising, 13:60
Immersion plating, 13:92
Immunity, concept of, 1:55, 56
Immunity zone. See Potential-pH
diagrams
Impact tests, coatings, 20:99
Impingement attack, 1:171; 2:60
aluminium brass, role of iron, 1:172
copper and copper alloys, 2:60; 4:45,
51

tests, 20:21
Impurity effects, 1:44;9:124
Impurity reactions, 20:80
Inclusions, 9:123
Inconel, 7:100
Inconel-600, 4:114, 123, 136
Infra-red radiation, 20:154
Inhibition, 15:25; 18:9
alumiriium, 18:50
anion uptake by oxide films, 18:45
anodic reaction, 15:27-30
cathodic reaction, 15:25-27
copper, 18:50
effects of inhibitive anions on
dissolution of passivating oxide,
18:47
effect of inhibitive anions on formation
of passivating oxide, 18:46
inhibitive anions and aggressive
anions, 18:48
iron corrosion. See Iron, corrosion
inhibition
resistance reaction, 15:30-36
zinc, 18:49
Inhibitors, 2:41, 48; 4:58; 8:53, 126,
132;14:50; 16:22; 18:6
acid solutions, 18:25, 34
adsorption, 9:27; 18:34
aeration and movement of liquid,
18:17
anodic, 18:42
aqueous solutions and steam, 18:18
bimetallic corrosion, 1:209
blocking of reaction sites, 18:39
British Standards, 21:78
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Inhibitors continued
central heating systems, 18:23
chemicals used, 18:10
chlorides, 18:25
classifications, 18:10
composition of liquid environment,
18:15
concentration, 18:16
condensers, 18:24
cooling systems,
closed recirculating, 18:21
once-through, 18:19
open re-circulating, 18:20
crevices, dead-ends, 18:17
DIN Standard, 20:121
dissimilar metals in contact, 18:14
effect on corrosion processes, 18:38
effectiveness for one-component
systems in near-neutral pH range,
18:13
efficiency of, 12:21
electrical double layer, 18:40
¢lectrode reactions, 18:39
formulations, 18:18
functional group and structure of,
18:36
inorganic, 12:23
interaction of adsorbed species, 18:37
interaction with water molecules,
18:36
mechanical effects, 18:17
mechanisms of 18:34
micro-organisms, 18:17
miscellaneous uses, 18:30
nature of environment, 18:15
nature of metal surface, 18:14
neutral solutions, 18:41
oil industry, 18:27
organic, 12:20
passivating-type, 20:140
pH of system, 18:16
polarity-reversal effects, 18:14
potable waters, 18:18
potentiostat investigations, 20:138
principles, 18:13 L
reaction of adsorbed, 18:37
reinforced concrete, 18:30
scale deposition, 18:18
storage, 18:30
temperature of system, 18:16
toxicity, disposal and efftuent
problems, 18:18
volatile, 17:21, 23, 28
Inner Helmholz plane, 9:6, 21, 22
Inor 8, 7:111
Insert rack, 20:86
Inspection,
see also Corrosion monitoring
in-situ, 20:153
paints and painting. See Paint coatings
visual, 20:144, 145

Inspection points, selection of, 20:145
Instability constant, 13:12
Integral free energy, 7:123
Interchange reaction, 13:62
Intercrystalline corrosion, 3:47; 7:90
aluminium and aluminium alloys, 4:16
stress-accelerated, 3:48
Inter-diffusion, 14:104
Intergranular corrosion, 1:210; 2:102;
8:8-10, 23, 31,47;10:78; 20:8
alloy systems, 1:42
aluminium alloys, 1:42
austenitic stainless steels, 1:37
chromium-nickel-iron alloys, 20:55
magnesium alloys, 4:95
mechanism, 1:38
nickel and nickel alloys, 4:104, 123,
133
potentiostatic methods, 20:134
sensitisation, 1:38
Intergranular cracking, 3:48; 8:28, 29,
35,43
Intergranular penetration of oxide, 7:88
Intergranular stress corrosion, 8:40
Intermediate phases, 9:105
Intermetallic compounds, 9:105
Internal friction, effect of hydrogen in
steel, 8:71
Internal stresses, 8:27; 20:10
electrodeposits, 13:37
International Standards Organisation,
coatings, 21:83
corrosion testing standards, 20:121
materials, 21:83
Interstitial atoms, 8:32
Interstitial solutions, 8:66
Interstitials, 9:92
[on,
complex, 13:12
simple, 13:12
Ton-exchange processes, 18:59, 60
lonisation constants, 21:34
IR drop, 1:88, 142; 20:30, 36, 125
Iridium,
anodic behaviour, 6:19
chemical properties, 6:11
high-temperature properties, 6:13
Iridium coatings, 14:103
Iridium-platinum alloys, 6:6
linings, 6:15
Iron, 2:38
see also Cast iron,
anodes, 11:42
carbon solution in, 7:124
chemical cleaning, 20:108
chromate treatment, 16:38
corrosion inhibition, 18:42
aggressive anion concentration,
18:43
dissolved oxygen concentration and
supply, 18:43
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Iron continued
corrosion inhibition continued
nature of metal surface, 18:44
temperature effect in, 18:44
corrosion mechanism, 15:24
corrosion rates, 21:64
factors affecting corrosion, 3:3
high-silicon anodes, 11:43
high-silicon/chromium anodes, 11:44
high-silicon/molybdenum anodes,
11:44
hydrogen evolution, 9:49
hydrogen permeation through, 9:49,
35

in feed water, 18:67
impingement attack of aluminium
brass, 1:72
oxidation, 1:250; 7:18
effects of other elements, 7:19

rusting. See Rusting

solutions in, 7:124

stainless, welding, 10:76
Iron-aluminium alloys, diffusion

coatings, 14:25
Iron carbides, 9:112 _
Iron-chromium alloys, phase diagram,
9:112

Iron-iron carbide phase diagram, 9:112
Iron-nickel alloys, phase diagram, 9:112
Iron oxides, 1:240; 7:18
Iron phosphate, 16:23, 24
Irradiation effects, uranium, 5:77
Iso-corrosion lines, 2:90
Iso-corrosion rates, 2:85-86
Isothermal mass transfer, 2:106

Jet-impingement tests, 20:21
Joinery, 10:68

Joining, glossary of terms, 10:82, 83
Jointing compounds, 15:7-8

Jones d.c.-bridge technique, 20:36

Kaolinite, 2:64

Kesternich Test, 20:50

Kinetics of corrosion reactions, 1:53
Kirkendall effect, 2:116

Knife-line attack, 1:40; 3:47; 10:78

Lacquers, 15:48
Langelier diagram, 2:43, 44
Langelier equation, 2:42
Langmuir constant, 9:23, 24
Langmuir isotherm, 9:23, 24
LaQue, F. L., 20:108
Lattice defects in metal oxides. See under
Oxide films
Lattice distortion, 9:120
Layer corrosion, 1:43; 4:17
Leaching, 2:102

Lead, 2:49; 4:68
alloying elements, 4:84
anodes, 4:84; 11:44, 67
anodic behaviour, 4:72
atmospheric corrosion, 4:76
" cathodic behaviour, 4:72
coatings for, 4:77
composition, 4:68
compounds, 4:75
corrosion behaviour, 4:69
corrosion products, 4:75
electrochemical corrosion, 4:77
in acids, 4:79
in alkalis, 4:81
in buildings and structures, 10:42
in chemicals, 4:79
in chromium plating, 4:83
in contact with concrete, 10:45
in gases, 4:79
in organic acids, 4:81
in salt solutions, 4:82
in water, 4:76
mechanical properties, 4:68
pH/potential diagrams, 4:72
pipes, 10:48
protective film, 4:77
soil corrosion, 4:77
standard electrode potential, 4:69
stray-current corrosion, 4:77
thermodynamics of Pb-H,0,
Pb-H,0-X systems, 4:72
Lead alloys, 4:68, 69
anodes, 4:84
chemical cleaning, 20:107
composition, 4:69
corrosion behaviour, 4:69
mechanical properties, 4:69
Lead-antimony alloys, phase diagram,
9:107
Lead coatings, 13:52; 14:12
sprayed, 13:86
Lead compounds, 7:108
Lead dioxide, 11:44
Lead hydroxide, 15:30
Lead linoleate, 15:29
Lead oxides, 4:72, 75, 76
Lead peroxide, 11:44, 46
Lead/platinum bi-electrodes, 11:46
Levelling agents, 14:71
Levich equation, 2:10
Lightning, 2:70
Line defects, 9:94
Linear polarisation, 20:27, 33, 34, 36
Linings, protective, 6:14
Linoleic acid, 15:29
Linolenic acid, 15:29
Linseed oil, 15:12
Lippman electrometer, 9:9
Lippmann equation, 9:9
Liquid-metal corrosion, 2:102-109
activity gradient, 2:106
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Liquid-metal corrosion continued
dynamic tests, 20:82
loop tests, 20:83
metal transfer, 2:106
non-metal transfer, 2:107
solubility of metals, 2:102
solubility variations, 20:81
static tests, 20:81
temperature effect, 2:104
tests, 20:79
Liquid metals,
aluminium and aluminium alloys in,
4:30
high-alloy steels in, 7:77
high-temperature corrosion, 7:12
molybdenum in, 5:19
nickel and nickel alloys in, 7:109
niobium in, 5:29
titanium in, 5:38
Liquid salts. See Fused salts
Litharge, 15:30
Lithium, 1:236; 7:110
Localised corrosion, 1:130; 3:17
chemical plant, 10:16
heterogeneities and geometrical
factors, 1:133
pH changes, 1:139
principles, 1:133
Long-line currents, 2:70
Loop tests, 20:83
Lubricants, 2:125-127
additive depletion, 2:124
additives and additive interaction,
2:122,123
contamination, 2:121
deterioration of, 2:121
extreme pressure additives, 2:122
function of, 2:120
gear, 2:126
manufacture, 2:120
metal-working, 2:126
miscellaneous applications, 2:126
nature of 2:120
performance characteristics, 2:121
steam-turbine, 2:125
sulphur additives, 2:124
Lutes, 19:39

Magnesium, 4:86
accelerated tests, 4:94
anodes, 10:51;11:19, 21, 22
anodic oxidation, 16:3
corrosion products, 4:91
electrode potentials, 4:50
galvanic corrosion, 4:90
in acids, 4:8
metallurgy, 4:86
standard electrode potential, 4:90
Magnesium alloys, 4:86
accelerated, 4:94

INDEX

Magnesium alloys continued
applications, 4:86
atmospheric corrosion, 4:90
chemical cleaning, 20:108
chromate sealing, 16:40
chromate treatments, 4:98; 16:39
cleaning, 4:98
compositions, 4:86
corrosion behaviour, 4:86
designations, 4:86
epoxide resin coatings, 4:97
film formation, 4:88
galvamnic corrosion, 4:92, 93
high-purity, 4:92
in industrial atmospheres, 4:91
in marine atmospheres, 4:91
in sea-water, 4:92
intergranular corrosion, 4:95
nuclear engineering, 4:86
painting, 4:97
pickling, 4:98
protective measures, 4:96

23

stress-corrosion cracking, 8:86, 87, 89

surface attack, 4:94
surface treatments, 4:99, 100
welding, 10:80
Magnesium chloride, 2:47
Magnesium-tin alloys, phase diagram,
9:111
Magnetostriction oscillator test
apparatus, 8:130
Maintenance,
chemical plant, 10:25, 26
paint coatings, 15:70
standby plant and equipment, 10:5
Manganese, 3:24, 36; 7:21, 93
pigment properties, 15:28
Manganese phosphate, 14:24
Marine engineering, 3:60; 10:54
see also Sea-water
bimetallic corrosion, 10:62
cavitation damage, 10:66
coatings, 10:58
corrosion fatigue, 10:63
design of components and fittings,
10:61
design principles, 10:55, 56

entrapment of corrosive agents, 10:56

paint coatings, 15:72, 74, 77, 78 .

stress-corrosion cracking, 10:65
Marine fouling, 2:56
Martensite,

formation, 9:115

tempering, 9:118
Mass transfer, 20:80, 83
Materials,

ASTM Standards, 21:80

British Standards, 21:71

ISO Standards, 21:83
Maxwell’s Distribution Law, 9:29
Meat products, 2:100
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Mechanical factors, 8:1
Mechanical properties, changes in, 20:14
Melamine formaldehyde resins, 15:52, 94
Mercury boiler service, 20:81
Metal deposition, weight and thickness
by 1 Ah, 21:65
Metal/environment interface, 1:7
Metal finishing. See Electro-plating;
Paint coatings; Polishing;
Pretreatment, etc.
pretreatment for. See Pretreatment
Metal/gas reactions, 1:17
Metal oxides, 1:229
and hydroxides, structures, thermal
data, and molecular volumes, 21:39
double oxides, structures, thermal
data and molecular volumes,
21:47
Metal/solution interface, 9:6 \
non-polarisable and polarisable; 9:75
potential difference, 9:31, 71
Metal spraying. See Sprayed coatings
Metal/vapour reactions, 1:17
Metallurgy relevant to corrosion, 9:88
Metals,
see also Alloys; Crystal
behaviour in molten salts, 20:138
cathodic depolarisation of ferrous,
2:77-78
corrosion in tropical environments,
20:94
dissimilar, 15:8
e.m.f. series of, 9:79
heterogeneities in, 1:9
immersed in water, 2:38
liquid. See Liquid-metal corrosion;
Liquid metals
macroscopic defects, 9:100
polystalline, 9:98
potentials in sea water, 2:54
properties of, 1:3
solubility in liquid metals, 2:102
structure of, 9:88
Methanolic environments, stress-
corrosion cracking in, 8:84
Maicrobial corrosion, 2:73-82
cathodic depolarisation of ferrous
metals, 2:77-78
diagnostic tests, 2:80-81
Ferrobacillus, 2:74, 76
isolation and enumeration, 2:79
prevention, 2:74, 75
Microscopy, microbial corrosion
detection by, 2:80
Milk, 2:98; 20:23
Millscale, 3:4, 5, 11, 17
Mineral constituents of water, 2:44
Mineral salts in water, 2:45
Moisture,
in air, 7:25
in marine environment, 10:56

Moisture continued
in rusting, 3:4, 5
in soils, 2:62, 65
in stress-corrosion cracking, 8:79
in zinc corrosion, 4:156
precipitation in atmosphere, 2:31
Molten salts. See Fused salts
Molybdenum, 3:24, 27, 36, 5:10; 7:21,
87, 104
alloying element, 5:14
applications, §:21
corrosion, 5:14
corrosion behaviour, 5:13
fabrication methods, 5:12
galvanic corrosion, 5:20
in acids, 5:15
in alkalis, 85:17
in chemicals, 5:22
in fused salts, 5:19
in liquid metals, 5:19
in salt solutions, 5:19
in sea water, 5:15
mechanical properties, 5:10, 12
refractories compatibility, 5:19
Molybdenum alloys, 5:21
Monel alloy, 20:17
Monel 400, 4:119, 128
Monel K300, 4:119
Monitoring, corrosion. See Corrosion
monitoring
Montmorillonite, 2:64
Multistep reactions, 9:36
Mutually protective effect, 1:58

Naval brass, 4:49
Nernst equation, 2:22; 9:38, 53, 69,70,
79
Neutral solutions, inhibitors, 18:41
Nichrome, 7:87
Nichrome V, 7:100
Nickel, 3:24, 27, 88:4:102; 7:21; 20:48
anodes, 14:70
anodic behaviour, 4:108, 121
solution effect, 4:110
temperature effect, 4:109
applications, 4:136
aqueous corrosion, 4:106
atmospheric corrosion, 4:125
bimetallic corrosion, 4:125
carburisation, 7:98
fabrication methods, 4:104
fogging, 2:27; 4:126
forms, 4:139
fuel-ash corrosion, 7:105
high-temperature corrosion, 4:136;
7:79
in acids, 4:130
in alkalis, 4:133
in ammonia, 7:104
in chemical environments, 4:130
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Nickel continued
in gases, 4:134
in liquid metals and salts, 7:109
in nitrogen, 7:104
in organic compounds, 4:134
in salt solutions, 4:134
in sea-water, 4:128
in steam, 4:135
in water, 4:128
intergranular corrosion, 4:123, 133
mechanical properties, 4:102, 104
oxidation, 4:136; 7.79
oxide layers, 7:79, 82
oxides, 1:236, 247
passivity, 4:110
physical properties, 4:104
pitting corrosion, 4:120

temperature effects, 4:122

soil corrosion, 4:130
stress-corrosion cracking, 4:135
structure, 4:104
sulphidation, 7:90

Nickel alloys, 4:102
anodic behaviour, 4:111
applications, 4:136
atmospheric corrosion, 4:125
bimetallic corrosion, 4:125
carburisation, 7:98
chemical cleaning, 20:107
compositions, 4:102
cyclic heating tests, 7:104
fabrication methods, 4:104
forms, 4:139
fuel-ash corrosion, 7:105
high-temperature, 4:136
high-temperature corrosion, 7:79
in acids, 4:130
in alkalis, 4:133
in ammonia, 7:104
in chemical environments, 4:130
in gases, 4:134
in liquid metals and salts, 7:109
in nitrogen, 7:104
in organic compounds, 4:134
in sea-water, 4:128
in steam, 4:135
in water, 4:128

intergranular corrosion, 4:104, 123.

133
intergranular precipitates, 4:104
magnetic transformation, 4:104
mechanical properties, 4:102, 104
oxidation, 4:136; 7:79
physical properties, 4:104
pitting corrosion, 4:120
potential/anodic current density
curves, 4:111
scale, 7:80
soil corrosion, 4:130
stress-corrosion cracking, 4:135
sulphidation, 7:90

INDEX 25

Nickel alloys continued
welding, 4:106; 10:78
Nickel-aluminium alloys, 4:114
Nickel-chromium alloys, 4:111, 114, 122
applications, 7:84
oxidation, 7:82
sprayed coatings, 13:87
Nickel-chromium-iron alloys, 4:119
oxidation, 7:88
Nickel-chromium-iron-molybdenum
alloys, 4:119
Nickel-chromium-iron-molybdenum-
copper alloys, 4:119
Nickel coatings, 8:111; 13:16; 14:11, 69
applications, 14:69, 84
chloride solution, 14:78
corrosion fatigue, 14:78
decorative, 14:69, 70, 75, 84
with improved resistance to
corrosion, 14:72
double-layer, 14:72
electroforming, 14:85
electroless, 14:80
engineering, 14:81, 84
mechanical properties, 14:82
plating on plastics, 14:81
preparation of basis metals, 14:81
resistance to abrasion, 14:83
resistance to corrosion, 14:82
engineering, 14:75, 80, 81, 84
fatigue strength, 14:78
fretting corrosion, 14:79
galling, 14:79
hard, 14:76
heat treatment after plating, 14:79
mechanical properties, 14:75
microporosity in chromium topcoats,
14:74
resistance to corrosion, 14:78
sulphamate solutions, 14:77
triple-layer, 14:74
Watts solution, 14:69, 75
Nickel-copper alloys, 4:111, 117, 123
oxidation, 7:90
phase diagram, 9:106
Nickel-germanium alloys, 4:114
Nickel-iron alloys, 3:77; 4:111, 114
applications, 3:77
atmospheric corrosion, 3:77
bimetallic corrosion, 3:82
electrochemical characteristics, 3:77
in acids, 3:81
in alkalis, 3:81
in salt solutions, 3:82
in sea-water, 3:79
in water, 3:80
oxidation, 7:88
pitting corrosion, 3:78
stress-corrosion cracking, 3:82
Nickel-molybdenum alloys, 4:111, 117,
119, 123, 125
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26 INDEX

Nickel plating. See Nickel coatings
Nickel-silicon alloys, 4:111, 115
Nickel silvers, 4:36
Nickel-tin alloys, 4:104, 114
Nickel-titanium alloys, 4:104, 114
Nimonic 75, 7:100
Nimonic 80A, 7:97, 111
Niobium, 5:24; 7:87, 104
anodes, 11:40, 67
applications, 5:31
atmospheric corrosion, 5:26
corrosion resistance, 5:26
fabrication methods, 5:24
in acids, 5:27
in alkalis, 8:27
in gases, 5:28
in liquid metals, §:29
in salt solutions, 5:27
in water, 5:26
mechanical properties, 5:24
oxidation, 1:258
physical properties, 5:24
Niobium alloys, 5:26, 27, 30, 31
Niobium carbide, 1:41
Niobium-molybdenum alloys, 5:31
Niobium-tantalum alloys, 5:30
Niobium-titanium alloys, 5:30
Niobium-vanadium alloys, 5:31
Niobium-zirconium alloys, 5:30
Niobium-zirconium-titanium alloys, 5:31
Ni-Resist, 3:98, 104-107, 109
Nitrate environments, 8:31, 41
Nitrate solutions, 8:27
Nitrates, 2:45
Nitric acid, 3:53, 123; 4:80; 5:53, 71
for pickling, 12:20
Nitric-sulphuric acid mixtures, 3:124
Nitrides, free-energy diagram, 7:119
Nitrocellulose, paint coatings, 15:20
Nitrogen, 2:40; 5.8, 63: 7:72
high-temperature corrosion, 7:8
in liquid-metal corrosion, 2:107
nickel and nickel alloys in, 7:104
saturation coefficient in sea-water,
21:54
Nitrogen compounds, 2:30
Noble metal coatings, 14:97
see also under individual noble metals
brush plating, 14:103
electrodeposited, 14:98
electroless plating processes, 14:98
hardness, 14:100
high-temperature protection, 14:104
thickness, 14:58
Noble metals, 6:3-23
see also under individual noble metals
anodic behaviour, 6:17-19
alloying additions to facilitate
passivity, 6:19
applications, 6:14-17
characteristics, 6:3

Noble metals continued
chemical properties, 6:6-13
corrosion ratings in acid, 6:7
corrosion ratings in halogens, 6:7
economies In use, 6:22
exchange current densities, 21:38
high-temperature properties, 6:13
mechanical properties, 6:3-6
physical properties, 6:3-6
solders, 6:16-17
thermodynamics of corrosion
reactions, 1:60
uses, 6:3
working, 6:21-22
Non-ferrous metals,
descaling, 12:13
pickling, 12:23
Notched “C’-ring specimens, 8:162
Nuclear engineering, 2:110
aluminium and aluminium alloys,
4:29
magnesium alloys, 4:86
nickel and nickel alloys, 4:136
titanium, 5:45
uranium, 5:73
zirconium, 5:52, 55
Nuclear reactors, 2:105-106; 20:136
Nucleation, 9:123
Nylon coatings, 17:18
Nylons, 19:61

Occluded cells, 1:142
Ohm’s law, 11:72
QOil in water, 2:47
Oil industry, inhibitors, 18:27
Oil length in paint coatings, 15:17
Oil refining and by-products, 3:62
Oil varnishes, 15:16
Order-disorder transitions, 9:104
Organic compounds, 3:58
aluminium and aluminium alloys in,
4:28
nickel and nickel alloys in, 4:134
zing in, 4:160
Organic growths in water, 2:48
Organic materials, 18:6
Organic matter,
in soils, 2:61
in water, 2:47; 3:15
Organic solvents, 1:18
Organosols, 15:61
Orthophosphates, 18:61
Orthophosphoric acid, 3:123
Osmium, 6:13
anodic behaviour, 6:19
chemical properties, 6:13
coatings, 14:103
Osmotic blistering, 15:59
Outer Helmholz plane, 9:7, 21, 22
Overpotential, 1:65, 83-85;9:34
activation, 1:85
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Overpotential continued
resistance, 1:88
transport {diffusion or concentration),
1:87
Oxidation, 1:16, 24, 53, 60, 227, 231,
232,236;2:112,122.7:4, 55, 120
see also Oxide films
anodic. See Coatings
carbon, 19:9
cast iron, 7:47, 54, 55
copper, 4:54
copper alloys, 4:55
dry, 2:26
factors governing, 7:13
growth laws of, 1:252
high-alloy steels, 7:58, 65
fuel-ash effect, 7:72
in air, 7:69 .
in industrial gases, 7:72
in steam, 7:70
in flue gases, 7:66 .
in combustion gases, 7:60
in presence of subscales, 1:257
internal, 7:5, 49
iron, 1:250; 7:18
effects of other elements, 7:19
kinetics, influence of voids, 1:248
low-alloy steels, 7:13, 19
alloying elements, 7:31
in air, 7:25
in carbon dioxide, 7:41
in flue gas, 7:31
in steam, 7:38
nickel and nickel alloys, 4:136; 7:79
nickel-chromium alloys, 7:82
nickel-chromium-iron alloys, 7:88
nickel-copper alloys, 7:90
nickel-iron alloys, 7:88
niobium, 1:258
non-planar surfaces, 1:244
paralinear, 1:241, 256
rate constant, 7:14, 15
reactions, 1:25
sulphur, 2:77
tantalum, 1:258
tin, 4:143
void formation, 1:248
volume change on, 1:242
zirconium, 1:258, 262
Oxidation products, 1:30
Oxidation rate, 1:235, 241, 252, 257;
7:14
Oxide electrodes, 9:83 .
Oxide films, 1:22, 24, 26, 114, 199, 200,
2:87-88;7:13, 14; 9:83
see also Film; Oxidation
anodic, 1:28, 88
continuous, 1:227, 229
alloying effects, 1:236
cation vacancies, 1:232
growth laws, 1:235, 236

Oxide films continued
continuous continued
linear rate constant, 1:229
parabolic rate constant, 1:229
positive holes, 1:232
surface reactions, 1:229
thin, 1:234
very thin, 1:234
Wagner’s theory of parabolic law,
1:231, 234
dielectric, 1:88
discontinuous, 1:241, 242
breakaway mechanism, 1:254
cracking and void cavities, 1:252
flat surfaces, 1:243
growth rate, 1:241
growth laws, 1:252
mass transport, 1:243
non-planar surfaces, 1:244
oxidation in presence of subscales,
1:257
oxide drift, 1:243, 247
parabolic rate constant, 1:246
paralinear oxidation, 1:256
Pilling-Bedworth theory, 1:254
pore formation, 1:247
porous, metal dissolution or
volatilisation, 1:258
rate laws, 1:241
stress relief by metal creep. 1:263
stresses, 1:260
voids, 1:247
diffusion barriers, 1:248
in ‘short-circuit’ diffusion, 1:250
influence on oxidation kinetics,
1:248
volume change, 1:242
erosion-corrosion, 1:170
examination techniques, 1:30
formation, 20:26
forms and formations of, 7:15
influence of structure, 1:46
lattice defects, 1:222
anion vacancies, 1:227
cation vacancies, 1:226
degree of non-stoichiometry, 1:222
entropy change, 1:223
in metal oxides, 1:222
motion of, 1:226
n-type oxides, 1:225
p-type oxides, 1:223
positive holes, 1:223
passive, 1:27
porous, 1:258
protective, 20:19
thin, 1:23; 20:15
uptake of anions by 18:45
voids, 8:66, 67, 72
Oxtide layers,
mass transport, 1:243
nickel, 7:79, 82

STRATASYS, INC. EXHIBIT 2017
IPR2025-00257, Page 65



28

Oxide layers continued
stresses in, 1:260
Oxide-reduction time, 20:55
Oxides, 1:23, 26, 30, 107
Oxygen, 5:63
see also Oxidation
diffusion through paint films, 15:26
dissolved, in bimetallic corrosion,
1:197
dissolved in sea-water, 21:54
exposure to, 1:23
in atmospheric corrosion, 2:29
in high-temperature corrosion, 7:4
in liquid-metal corrosion, 2:107
in rusting, 3:4
in sea-water, 2:54
in water, 2:40-41: 3:15
saturation coefficient in sea-water,
21:54
solubility in electrolyte solutions,
21:53
solubility in sodium, 2:106, 107
transport of, 1:97
Oxygen pitting of boiler tubes, 10:18
Oxygen regluction reaction, 1:93, 96, 99;
2:1

Packaging materials, 18:6
Paint coatings, 0:5, 6; 8:65; 15:1-103;
16:36
see also Coatings; Paints
abrasion resistance, 15:50
acrylic resins, 15:53
additives, 15:22
adhesion, 15:46-48
airless spray process, 15:6
alkyd resins, 15:16, 53
amino resins, 15:18
antifouling, 15:44
application, 20:166
effect on failure, 15:45
industrial, 15:56
methods, 15:3-9, 69, 79
bimetallic corrosion, 1:209
binding media, 15:12-21
buried metals, 15:48
cargo and ballast tanks, 15:75
chlorinated rubber, 15:20
constituents of, 15:10
curing, 15:60
curtain coating, 15:4, 60
cycling processes, 15:3-5
data sheets, 20:166
design for particular methods of
finishing, 12:39-43
design principles, 12:35-43
dip tank, 15:3
dipping, 12:40; 15:56
drying oils, 15:12
economics, 15:58, 69, 79

INDEX

Paint coatings continued

electrodeposition, 15:4
electrostatic spraying, 15:6, 56
enamel finishes, 15:51
epoxide resins, 15:18, 53 -
etch primer, 15:47-48, 55; 16:41, 42
failure, 15:38-49, 59, 79
acid environments, 15:42
adhesion, 15:46-48
alkaline environments, 15:43
anti-oxidising environments, 15:42
buried metals, 15:48
causes of 15:38
climatic effects, 15:40
effects of application methods, 15:45
forms of, 15:38
industrial applications, 15:42-44
industrial atmosphere effects, 15:41
low-temperature effects, 15:40
marine atmosphere, 15:43
moisture effects, 15:41
oxidising environments, 15:42
pretreatment as cause of, 15:39
repainting, 15:46
salt solutions, 15:43
storage conditions, 15:44
stoving effects, 15:44
sunlight effects, 15:41
wet weather effects, 15:40
flow coating, 15:4
fluidised bed process, 15:5
formulation, 15:10-23
basic principles, 15:10-12
procedure, 15:23
gas-checking, 15:44
glossary of terms, 15:100
holiday detection, 20:164
hollow ware, 12:42
hot dipping, 15:61
industrial applications, 15:50-61
inspection, 20:158
case histories and cost, 20:159
of works and site facilities, 20:162
inspection organisations, 20:163
inspection schedule, 20:163
inspection quality, 20:163
inspection type, 20:162
inspectors’ duties, 20:164
lacquers, 15:48
machinery and equipment, 15:22
maintenance, 15:70
marine engineering, 15:72, 74, 77, 78
material supplies, 20:164
material-supplies test, 20:168
materials-in-use tests, 20:168
melamine formaldehyde resins, 15:52
miscellaneous binders, 15:20
moisture resistance, 15:50
new developments, 15:60
nitrocellulose, 15:20
non-cycling processes, 15:5
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Paint coatings continued

non-ferrous metals, 15:47

number of coats, 15:11, 46

oil lengths, 15:17

oil varnishes, 15:16

organosols, 15:61

oxygen diffusion, 15:26

phenol formaldehyde resins, 15:52

pigments, 15:21, 28, 29
corrosion-promoting, 15:44
soluble, 15:30

plastics, 15:51, 57

polyurethane, 15:19

preliminary discussions, 20:164

pretreatment, 12:35; 15:54, 62, 72;

20:165

chemical processes, 15:63
mechanical processes, 15:63
merits and limitations, 15:64
metal coating, 15:63
quality control, 20:158
weathering, 15:64

primers, 15:6-9, 11, 39, 46-48
pigments, 15:21

process limitations, 15:8

properties of liquid films, 12:36

protective action, 15:24-37
anodic reaction, 15:27-30
cathodic reaction, 15:25-27
resistance reaction, 15:30-36

repainting after failure, 15:46

Roto-dip process, 15:4

sampling and testing, 20:168

ships’ bottoms, 15:76

slow dipping, 15:4

small objects, 12:42

solvents, 15:22

spark testing, 20:166

specific applications, 15:6-9

spraying, 12:39; 13:89, 90; 15:56
air-less, 15:56
processes, 15:5-6

storage effects, 15:44

stoving effects, 15:44

structural steel, 15:64, 67; 20:159
for atmospheric exposure, 15:62

surface condition effect, 12:38

synthetic resin, 15:52, 93
acrylic resins, 15:96
alkyd resins, 15:95
curing of epoxy resin, 15:98, 99
melamine formaldehyde resins,

15:94

phenol formaldehyde resins, 15:93

production of epoxy resins, 15:97
urea formaldehyde resins, 15:94
thick coatings, 15:67
thickness measurements, 20:167
thinners, 15:45
underground, 15:81
urea formaldehyde resins, 15:52

INDEX 29

Paint coatings continued
vinyl resin, 15:19
viscosity checks, 20:168
water diffusion, 15:26
working conditions, 20:167
Paints,
see also Paint coatings
air-drying, 15:65.
antifouling, 15:77
chemically cured, 15:66
chlorinated rubber, 15:66, 74
epoxy resin, 15:75
high-performance, 15.74
oil-based, 15:65
primers, 15:64, 67, 73, 74
types of, 15:64
zinc chromate primers, 15:74
zinc-rich, 14:40, 44
Palladium,
chemical properties, 6:11-12
oxide films, 14:104
Palladium coatings, 14:97, 102
Parallel plate model, 9:6
inconsistencies of, 9:15
Partial anodic reactions, 1:78
Partial cathodic reactions, 1:78
Partial derivatives, 9:58
Partial molar free energy, 9:63
Passivation, 1:105, 114-117, 123; 13:21;
16:33
see also Passivity
Passivation potential, 1:104, 105
Passivity, 1:5, 14; 2:113, 118; 11:113;
20:5
see also Passivation
active-passive transitions, 1:103
adsorption theory, 1:160; 9:26
anodic, 1:115
breakdown of, 1:123, 160; 9:27
chemical 1:122
concept of, 1:55, 56
definition, 1:114
effect of noble-metal additions, 6:19
maintenance of, 1:123
nickel, 4:110
solid film theory, 1:160
Passivity studies, potentiostat, 20:126
Passivity zone. See Potential-pH
diagrams
Pearlite, 9:113, 117
Peaty acids, 2:48
Peen plating, 13:96
Penton coatings, 17:16-18
Perforation,
recording of, 20:88
time to, 20:88
Periodic reverse current, 13:30
Periodic table, 21:6
Peritectic reaction, 9:111, 112
Peritectoid reaction, 9:111
Permeation cell, 9:52
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Permeation current, 9:50
Petrochemical plant. See Chemical plant
Pfeil-type porous oxide, 1:252
pH,
see also Potential-pH equilibrium
diagrams

at crack tip, 8:75

inhibitors, 18:11, 16

of chemicals, 2:87

of sea water, 2:54

of soil, 2-67

of water, 2:42, 44, 48
pH changes during localised attack,

pH effects, 1:60, 61, 96, 97;4:153;5:7
cathodic protection, 11:8
changesin 2:3, 4, 15, 18
differential aeration, 1:137
in iron corrosion inhibition, 18:43
in pitting corrosion, 1:157
in stress-corrosion cracking, 8:41
in stress-corrosion testing, 8:154
on wood, 19:88 .
on zinc, 4:157, 158
pH-potential diagrams, 6:8, 10
Phase diagrams, 9:105
binary 1somorphous, 9:106
complex binary, 9:109
eutectic, 9:107
Phenol formaldehyde resins, 15:52, 93;
19:62
Phosphate coatings, 8:65; 12:3; 16:19
absorption, 14:26
accelerators, 16:22
acid ratio, 16:20
anodic treatment, 16:21
applications, 14:26; 16:19
cathodic treatment, 16:21
chemical nature of, 14:24
chromate rinsing, 16:27, 31, 38
corrosion protection, 16:27
corrosion resistance, 16:27
assessment, 16:29
crystal size, 16:30
crystal structure, 14:24
formation mechanism, 16:20
heating, 14:26
humidity tests, 16:29
methods, 16:19
nature of, 16:23
phosphate solution effects, 16:23
processes, 16:29
reactions, 16:20
rinsing, 14:26
salt-spray tests, 16:29
sealing, 16:26, 27, 29
specifications, 16:30, 31
surface effects, 16:23
tests on, 16:28-31
texture, 16:30
thin, 16:24

INDEX

Phosphate coatings continued
water of hydration loss, 14:24
weight determinations, 16:30, 31
Phosphor-bronzes, 4:35
Phosphoric acid, 3:54, 61; 4:81; 5:54
for pickling, 12:19
Phosphorus, 3:23; 7:22, 48
Pickling, 12:16-23; 13:5, 52; 16:36;
18:25
acids used, 12:18-20
alloy steels, 12:20
alternating current, 12:19
anodic, 12:18
cathodic, 12:19. .
electrolytic, 12:18
magnesium alloys, 4:98
mechanism, 12:16
non-ferrous metals, 12:23
Pilling-Bedworth theory, 1:254, 262 ;
5:36
Pipeline travelling machines, 15:85
Pipelines,
cathodic protection, 11:13, 61, 63, 72,
74
internal surface, 11:16, 82
coatings, 2:69-70
corrosion rate in, 2:11
ditch environment, 2:68
internal coatings, 15:92
internal inspection, 20:155
long-line currents, 2:70
protective coatings, 15:81
Pit depth measurements, 20:12
Pitting corrosion, 1:12, 46, 127, 130, 131,
150; 3:17,44:13:16; 20:12, 35,
126, 152
aluminium, 1:162; 4:16, 23
aluminium alloys, 4:23
breakdown potential, 1:154
carbon steels, 1:160
chemical corrosion, 10:18
control of, 1:160
copper, 1:163, 165; 4:47, 52
copper alloys, 4:47, 52
induction period, 1:157
mechanism, 1:160
mutually protective effect, 1:158
nature of solution and temperature,
1:156
nickel and nickel alloys, 4:120, 122
nickel-iron alloys, 3:78
nodular, 1:163
pH effect, 1:157
pit exterior, 1:162
pit interior, 1:161
pit mouth, 1:161
potentiostatic techniques, 20:128
protection potential, 1:158
stainless steels, 10:18
tests, 20:67
wire elements, 20:148
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Pitting index, 20:150
Pitting potentials, 1:155, 156
critical, 20:129
Plasma-spray-coating process, 13:81, 100
Plaster, water pipes in contact with,
10:50
Plastic deformation, 8:3, 7, 8, 12, 23, 32,
72,118,153
Plastics, 19:41
see also Thermoplastic(s); Thermo-
setting
amorphous thermoplastics, 19:60
cellulose, 19:60
chemical nature of, 19:42
commercial, review of, 19:60
contact corrosion, 19:78, 79
corrosion of metals by, 19:74
crystalline, 19:61
definition, 19:41
clectroplating, 15:57
fluorine-containing, 19:61
industrial finishes, 15:57
paint coating, 15:57
paint finishes, 15:51
physical nature of, 19:43
pipes, 10:50, 60 '
properties, 19:42
reinforced, 19:49
susceptibility of metals to attack by
contaminants from, 19:79
thermoplastics, 19:44-48
thermosetting, 19:44, 48, 58, 62
vacuum metalising, 15:57
vapour corrosion effects, 19:75
Plastisols, 12:39
Platinised anodes, 11:36, 67, 76
Platinum, 5:47
anodes, 11:36
anodic behaviour, 6:18-19
applications, 6:21-22
grain-growth, 6:14
high-temperature properties, 6:13
linings, 6:15
mechanical properties, 6:5
physical properties, 6:5
volatilisation, 6:14
Platinum alloys, wettability of, 6:20-21
Platinum coatings, 13:18; 14:13, 102,
104
Platinum-gold alloys, spinnerets, 6:16
Platinum-group metals,
chemical properties, 6:10
high-temperature applications, 6:20
high-temperature properties, 6:13
oxide-film formation, 6:13
oxides, 6:19
physical and mechanical properties,

working, 6:21-22
Platinum-iridium alloys,
linings, 6:15

Platinum-iridium alloys continued
physical and mechanical properties,

Platinum plating, 13:18
Platinum-rhodium alloys, 6:20-21
exchange current densities, 21 :38
high-temperature properties, 6:14
linings, 6:15
physical and mechanical properties,
6:5-6
Platinum-ruthenium alloys, physical and
mechanical properties, 6:6
Point defects, 9:91
Polarisation, 1:88, 117; 11:8; 13:35
forward, 1:104
linear, 20:27, 29, 33, 34, 36; 10:29
austenitic steel, 8:52
of metal in soil, 2:72
reverse, 1:104
Polarisation characteristic, 20:22
Polarisation curves, 8:39; 11:7, 9;
20:123, 136
titanium, 20:128
titanium alloys, 20:140
Polarisation resistance, 20:33
probes, 20:149
Polarisation studies, 20:30
Polarity reversal, 1:205
Polarograph, 20:15
Polished surfaces, reflectivity of, 20:15
Polishing, 13:32
chemical, 12:25, 26
electrolytic, 12:24, 26
Pollution, 3:6, 50; 4:144
Polyacetal, 19:61
Polyamides, 19:61
Polycarbonates, 19:62
Polycrystals, etching, 1:34
Polyesters, 19:62
Polyethers, 19:61
Polyethylene, 19:61
Polyformaldehyde, 19:61
Polymerisation, 19:42, 43
Polymers, 19:41, 42
amorphous, solvent cracking, 19:59
solvents, 19:55, 36, 57
non-polar, 19:55, 57
polar, 19:57
chemical properties, 19:50
cohesive energy density, 19:54
compatibility, 19:53
cracking in aggressive environments,
19:58 '
crystalline,
non-polar, 19:56
polar, 19:57
solvents, 19:57
diffusion, 19:59
environmental stress cracking, 19:59
molecules, 19:53
orientation, 19:49
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32 INDEX

Polymers continued
resistance to chemical attack, 19:51
solubility, 19:53
solubility parameters, 19:54, 55
solvent,
partial polarities, 19:56
solubility parameters, 19:55
Poly(methyl methacrylate), 19:60
Polyolefins, 19:61
Polyoxymethylene, 19:61
Polypropylene, 19:61
Polystyrene, 19:43, 60
Polysulphones, 19:62
Polytetrafluorethylene (p.t.f.e.), 17:19;
19:61
Polythene coatings, 17:19
Polythionic acid, stress corrosion
cracking in, 8:58
Polyurethane, 19:63
foams, self-skinning, 15:57
paint coatings, 15:19
Polyvinyl acetate and derivatives, 19:60
Polyvinyl chloride, 17:15; 19:60
Porosity, 1:247; 3:22
electrodeposits, 13:41
Portland cement, 19:38
Potassium chloride, effect on paint films,
15:32
Potassium halides, 9:10
Potential, 1:103
electrode, 1:82
equilibrium, 1:91
of zero charge, 9:11
passivation, 1:104, 105
Potential/anodic current density curves,
nickel alloys, 4:111
Potential difference, 9:6
metal/solution interface, 9:71
surface or adsorption, 9:7
Potential gradients, 11:12
Potential measurements, 20:40
Potential-pH dependence of de-alloying,
20:132
Potentiai-pH diagrams, 1:59, 61, 137,
158:2:3-4, 18, 6:17-18; 20:132
advantages and limitations, 1:65
Al-H,O system, 4:14
construction, 1:62
corrosion zone, 1:64, 67
Cr-H,0 system, 1:110
Cu-H,0, 4:39
Cu-H,0-NH;, 1:70
Fe-H,0 system, 1:62, 67
immunity zone, 1:64, 68
importance in corrosion science, 1:71
Ni-H,0 system, 1:70; 4:107
passivation zone, 1:64, 68
Pb-H,0 system, 4:73
Pb-50, system, 4:74
tin, 4:142
Potential-time relationships, 20:33

Potential-time tests, 20:55
Potentiometers, 11:101
Potentiostats, 1:103, 104; 20:27, 65, 125,
126
applications, 20:126
basic circuit, 20:124
corrosion studies, 20:123
experimental apparatus, 20:123
1R corrections, 20:125
probe positioning, 20:125
scanning rate, 20:125
specimen masking and mounting,
20:125
Pourbaix diagrams. See Potential-pH
diagrams
Precious metals, coatings, 14:15
Precipitation hardening, 9:120
Precursors, 13:42
Pressure vessels, 3:62
Pretreatment, 12:3-15
see also Pickling
alkaline cleaners, 12:8-10
and paint failure, 15:39
ASTM Standards, 21:81
cleaning, 13:5
ASTM Standards, 21:81
chemical, 20:107
electrolytic cathodic, 20:107
glass, 19:20
magnesium alloys, 4:98
methods, 20:16
Code of Practice, 12:3
cold immersion solvent degreasing,
12:5
degreasing, 13:5
di-phase cleaners, 12:8
electrolytic cleaners, 12:9-10
emulsion cleaners, 12:7
grease removal, 12:3-10
liquor/vapour degreasing, 12:6
paint coatings. See Paint coatings
requirements, 12:3
rinsing after, 12:14
solvent cleaners, 12:4, 7
sprayed coatings, 13:82
ultrasonic cleaning, 12:10
vapou; and hot-immersion cleaning,
12:5
vapour degreasing, 12:5
Properties of metals and alloys, 1:3;
21:10
Pretection potential, 1:158
Pseudomorphism, 13:23, 26
P.T.F.E, 17:19; 19:61
P.T.F.C.E. coatings, 17:19
Pumps, marine engineering, 10:62
Pyrophoricity,
titanium, 5:47
zirconium, 5:53
Pyrophosphoric acid, 3:123
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Quality control of surface preparation,
20:158
Quicklime, 18:4

Radiography, 20:154
Rainfall, 2:32
and soil corrosion, 2:62, 67
Rate-determining step, 9:43, 47
Recovery, 9:100
Recrystallisation, 9:100
Red lead, 15:21, 30, 39, 46
Red spot test, 2:81
Redox potentials, 1:57, 58, 60, 93, 105;
2:78,79,112;21:24
and pitting corrosion, 20:129
Redox probe, 2:71
Redox reaction, 1:8
Reduction potentials, 21:24
Reduction reaction, 13:64
Reference cells, 11:77
Reference electrodes, 9:10, 69, 77;
10:29; 11:5, 28, 98; 20:29, 32,
136;21:29
Reflectivity of polished surfaces, 20:15
Refluxing capsules, 20:82
Refractories,
high-temperature corrosion, 7:11
molybdenum compatibility, 5:19
Refrigerating systems, 4:28
Regenerators, 2:118
Regulus Metal, 4:69
Relative humidity, 2:28-29; 18:3
critical, 2:31
filiform corrosion, 1:149
Resin cements, 19:38
Resistance inhibition reaction, 15:30-36
electrolytes underneath film, 15:31
ionogenic groups in film substance,
15:31
water and electrolytes outside film,
15:32-36
Retractable hydrogen probe, 20:155
Reversible cells, 9:66, 75, 76
Reversible potentials, 9:81
Reversible system, 9:58
Reynolds number, 2:11
Rhodium,
anodic behaviour, 6:19
chemical properties, 6:11
high-temperature properties, 6:13
oxide films, 14:104
Rhodium coatings, 14:100
Rhodium-platinum alloys, 6-5-6, 20
high-temperature properties, 6:14
linings, 6:15
Rinsing,
after pretreatment, 12:14
phosphate coatings, 14:26
Rotating disc-ring electrodes, 20:139
Rotating disc tests, 20:19, 83

INDEX 33

(RT/F) log x at various temperatures,
21:11
Rubber, 19:58, 64
abrasion resistance, 19:67
bonding to metal, 19:66
chemical resistance, 19:67
hard, 19:65, 67
impact strength, 19:67
linings, 19:67
applying to steel, 19:71
pipework, 19:72
tanks, 19:71, 72
natural, 19:64, 66
synthetic, 19:65, 66
temperature resistance, 19:71
vulcanisation, 19:65, 73
Rubber coatings, cavitation damage
resistance, 8:132
Rubber latex, 19:38
Rupture potential, 1:154
Rust and rusting, 2:35-36, 80; 3:3;
15:38
dotted type, 15:44
effect of exposure conditions, 3:10
effect of exposure duration, 3:11
effect of mass, 3:10
effect of surface condition, 3:11
electrochemical nature of, 3:4
formation, 15:24-25
humidity effects, 3:5, 6
in air, 3:5
in natural waters, 3:16
in sea-water, 3:13, 25
in soil, 3:17
effect of duration of burial, 3:19
effect of metal composition, 3:17
effect of soil type, 3:18
in water, 3:12
effect of metal composition, 3:13
effect of operating conditions, 3:15
effect of surface condition, 3:14
effect of water composition, 3:14
indoors and in enclosed spaces, 3:12
low-alloy steels, 3:22
mechanism, 3:3
patchy, 15:47
patina, 20:54, 55
pinpoint, 15:47
rates in different climates, 3:9
removal, 12:10-12; 20:88
temperature effects on, 3:8
under-, 15:47
white, 2:32
Ruthenium, 6:13
anodic behaviour, 6:19
chemical properties, 6:13
Ruthenium coatings, 14:103
Ruthenium-platinum alloys, 6:6

Saline particles, 2:30
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34 INDEX

Salt, 2:30
Salt droplet test, 20:49
Salt-fog test, 20:47
Salt solutions, 8:59
aluminium and aluminium alloys in,
4:28
cast iron in, 3:95
high-chromium cast irons in, 3:116
high-nickel cast irons in, 3:109
lead in, 4:82
molybdenum in, §:19
nickel and nickel alloys in, 4:134
nickel-iron alloys in, 3:82
niobium in, 5:27
silicon-iron alloys in, 3:126
tantalum in, 5:67
titanium in, 5:37
zinc in, 4:159
Salt-spray tests, 16:29; 20:47, 50, 98
Saturation index, water, 2:42
Saturated vapour pressure of water, 2:32
Scale deposition, inhibitors, 18:18
Scale removal,
see also Pickling
aluminium alloys, 12:13
chemical, 12:12
copper alloys, 12:13
mechanical 12:10--12
non-ferrous metals, 12:13
Scaling, 1:22, 24
nickel alloys, 7:80
cast iron, 7:50
copper, 4:54
high-alloy steels, 7:65
Schori process, 13:78
Sea-water, 2:51-60
see also Marine engineering
aluminium alloys in, 4:22
artificial, 20:41
bimetallic corrosion, 1:219; 3:51
calcareous deposit, 2:59
cast iron in, 3:90
chlorinity, 2:51
composition, 2:51, 52
copper and copper alloys in, 4:45
corrosion rates, 2:55
corrosion tests, 20:94
density, 2:52
design and layout of systems, 10:58
dissolved gases, 2:54
dissolved oxygen, 2:54
distribution of temperature, salinity,
“and oxygen, 21:56, 57
effect of depth, 2:58
effect of movement, 2:59
electrical conductivity, 2:53
ferrous metal corrosion rates, 2:55
freezing point, 2:54
gases in, 21:54
impingement attack, 2:60
magnesium alloys, 4:92

Sca-water continued
maraging steel in, 3:67
molybdenum in, 5:15
nickel and nickel alloys in, 4:128
nickel-iron alloys in, 3:79
non-ferrous metal corrosion rates,
2:57
oxygen dissolved in, 21:54
pH, 2:54
physical properties, 2:52
pipes and piping materials, 10:59, 60
potentials of metals in, 2:54
properties of, 21:55
rusting in, 3:13, 25
salinity, 2:51, 52
speed of movement, 2:58
stainless steels in, 20:69, 70
temperature, 2:53
zinc in, 4:157
zinc coatings in, 14:43
Season cracking, 4:36, 56
Segregation, 1:36; 7:127, 129; 8:32, 33,
47.9:104
Selenium, 3:36
Self-diffusion, activation energy, 1:233
Self-diffusion coefficient, 1:227, 233
Shear lips, 8:135
Sheaths, protective, 6:14
Shepard Cane resistivity meter, 11:107
Sherardising, 13:59, 61; 14:39, 40
Shot blasting, 12:10
Shot peening, 8:93
Sievert’s law, 7:122
Silica, 2:47
fused, 19:11, 25, 26
vitreous. See Vitreous silica
Silica gel, 18:4
Silicates, 2:47
Silicon, 3:24, 87, 88; 7:19, 93, 104, 106
Silicon-bronzes, 4:36
Silicon coatings, diffusion, 13:60
Silicon-iron alloys, 3:118
composition, 3:118
corrosion behaviour, 3:120
high-temperature corrosion, 3:126
in acids, 3:121
in alkalis, 3:125
in industrial environments, 3:121
in natural environments, 3:121
in salt solutions, 3:126
mechanical propertics, 3:118
structure, 3:118
Silicon-iron anodes, 11:66
Silicones, 19:63
Silver,
anodes, 11:40
anodic behaviour, 6:18
atmospheric corrosion, contaminants
from plastics, 19:79
brazing alloys, 6:17
chemical properties, 6:8
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Silver continued
chromate treatments, 16:41
grades, 6:21
high-temperature properties, 6:13
linings, 6:14-15
physical and mechanical properties,
6:3-4
standard electrode potentials of silver
systems, 6:9
standard forms, 6:21
working, 6:21
Silver coatings, 13:20; 14:97
Silver-copper alloys, phase diagram,
9:111
Single crystals, etching, 1:34
Single-phase alloys, 1:44
Skin temperature, 20:26
Slip, 9:96
Slip-in rack, 20:86
Sodium, 7:110
heat-transfer medium, 2:106
nitrogen solubility in, 2:107
oxygen solubility in, 2:106, 107
Sodium bicarbonate, 2:46
Sodium chloride, 7:112
diffusion through paint films, 15:32
Sodium hexametaphosphate, 18:61
Sodium hydride descaling, 12:12
Sodium hydroxide, molten, 2:113
Sodium sulphate, 7:107, 112
Soil corrosion, 3:17
aluminium and aluminium alloys,
4:23
cast iron, 3:91
copper and copper alloys, 4:43
lead, 4:77
low-alloy steels, 3:27
nickel and nickel alloys, 4:130
pipes, 10:50
stainless steels, 3:51
tests, 20:43
zine and zinc alloys, 4:158
zinc coatings, 14:43
Soil resistivity, 11:106, 107; 21:58
Soils, 2:37-72
acidity, 2:62, 67
aeration, 2:65
biological activity, 2:67
cathodic protection in, 1:69-71
chemical properties, 2:67
classification, 2:63
clay fraction of, 2:64
conductivity, 2:63
corrosion process in, 2:62
corrosion testing, 20:9
corrosivity evaluation, 2:71-72
field tests, 20:95
gases in, 2:65
genesis, 261
moisture in, 2:62, 65
organic matter in, 2:61

INDEX 35

Soils continued
oxidation-reduction potential and
redox probe, 2:71
oxygen-concentration-cell formation,
2:66
pH of, 2:67
pipe-line ditch environment, 2:68
polarisation of metal in, 2:72
profile, 2:63-64
properties, 2:63-68
resistivity, 2:69, 71; 11:67, 68, 69
rusting in, 3:17
effect of duration of burial, 3:19
effect of metal composition, 3:17
effect of soil type, 3:18
sampling, 2:79
soluble salts, 2:67
texture and structure, 2:63
water relations, 2:65
Soldered joints, 4:19, 148; 10:70
Solders,
noble-metal, 6:16-17
tin, 4:147
tin-silver, 6:15
Solid solubility, 9:104, 111
Solid-solution hardening, 9:120
Solid solutions, 9:103
Solutions, aqueous. See Aqueous
solutions
Solvent cleaners, 12:4, 7
Solvents,
in paint coatings, 15:22
organic, 1:18; 12:4
Sparking-plug electrodes, 7:108
Spheroidised structures in steels, 9:120
Spin tests, 20:83
Spinel, 7:82, 84, 88
Spinel structure, 1:25
Spinnerets, 6:16
Split-ring technique, 20:139
Spontaneous reaction, 9:66, 77
Spray tests, 20:47
Spray-welding, 13:90
Sprayed coatings, 8:93; 13:78
aluminium, 13:82, 90; 14:17, 20,
23-25
copper, 13:87
detonation process, 13:81
hard facing, 13:90
lead, 13:86
mechanical properties, 13:87
methods of spraying, 13:78
molten-metal process, 13:78
nickel-chromium alloys, 13:87
painting, 13:89, 90
physical properties, 13:88
plasma process, 13:81
powder process, 13:78
reclamation, 13:82
Schori process, 13:78
shrinkage, 13:88
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Sprayed coatings continued
spray-welding, 13:90
stainless steels, 13:87
surface preparation, 13:82
thermoplastic, 17:14
thicknesses, 14:6
tin, 13:86
wire-pistol gas feeds, 13:80
wire process, 13:79
zinc, 13:82; 14:39, 40
Stabilisation, effectiveness of, 20:8
Stability diagrams for molten salt
systems, 20:138
Stacking fault energy, 8:11, 56
Stacking faults, 9:92, 99
Stainless steels. See Steels
Standard chemical potential, 21:12
Standard electrode potential, 1:56, 57;
9:67,69;21:24
see also Electrode potential
lead, 4:69
magnesium, 4:90
Standard hydrogen electrode, 9:69;
20:29
Standard polarisation cell, 20:30
Statistical analysis, 20:6
Steam, 7:6
aluminium and aluminium alloys in,
4:30
nickel and nickel alloys in, 4:135
oxidation effects, 7:38
uranium in, 5:76
Steels, 2:38:; 20:33
age-hardening, 3:64
alloy, pickling, 12:20
anodes, 11:41, 66
atmospheric corrosion, 20:9, 88
austenitic, 3:31, 36, 50, 59; 7:60, 62,
77;10:76; 20:33
See also Steels, stainless
applications, 3:60
behaviour in chloride and caustic
solutions, 8:48
corrosion fatigue, 8:107
fabrication, 3:41
heat treatment, 3:47
intergranular corrosion, 1:37
mechanical properties, 3:40
pH, chloride ion concentration and
potential for artificial pits, 1:141
pitting corrosion, 1:47
stress-corrosion cracking, 8:47
stress-corrosion, practical solutions,
8:56
carbon
pitting corrosion, 1:160
stress corrosion, 8:44, 45
welding, 10:76
chemical cleaning, 20:108
corrosion in sea water, 2:55-57
creep resisting, 7:65

INDEX

Steels continued

factors affecting corrosion, 3:3, 4
ferritic, 3:35, 47;7:60, 62, 77; 10:76
applications, 3:60
corrosion fatigue, 8:107
ductile/brittle transition, 3:40
mechanical properties, 3:40
stress-corrosion cracking, 8:27
galvanised, 10:48
pipes, 10:50
tanks, 10:51
heat-resisting, 7:58, 60, 77
high-alloy
applications, 7:77
in liquid metals, 7:77
in molten salts, 7:76
mechanical properties, 7:62
oxidation, 7:58, 65
fuel-ash effect, 7:72
in air, 7:69
in flue gases, 7:66
in industrial gases, 7:72
in steam, 7:70
scale structure, 7:65
scaling indices, 7:67
high-strength, 3:64; 8:12, 14, 23
crack propagation rates, 3:73
stress-corrosion cracking, 8:158
high-tensile
hydrogen embrittlement, 8:75
stress-corrosion cracking, 8:62, 73
hypo-eutectoid, 9:117
in contact with corrosion, 10:45
low-alloy, 3:3, 21
alloying additions, 3:25
alloying elements, 3:21, 23, 25
applications, 3:28
atmospheric corrosion, 3:23: 7:24
copper, 3:21, 28
corrosion behaviour, 3:22
heat-resistant properties and
applications, 7:22
In agqueous environments, 3:21
in buildings and structures, 10:38
in natural environments, 3:23
mechanical properties, 3:21
oxidation, 7:19
alloying elements, 7:31
in air, 7:25
in carbon dioxide, 7:41
in flue gas, 7:31
in steam, 7:38
oxidation resistance, 7:13
soil corrosion, 3:27
welding, 10:76
low-carbon, 19:29
stress-corrosion cracking, 8:29
transgranular cracking, 8:42
maraging, 3:64
applications, 3:75
composition, 3:64

STRATASYS, INC. EXHIBIT 2017
IPR2025-00257, Page 74



Steels continued
maraging continued

corrosion behaviour, 3:67

cracking resistance in smooth
materials, 3:71

development, 3:64

fabrication methods, 3:66

heat treatment, 3:65, 66

high-temperature corrosion, 3:75

in chemicals, 3:69

in natural environments, 3:67

in sea-water, 3:67

mechanical properties, 3:65

physical properties, 3:65

polarisation tests, 3:69

stress-corrosion cracking, 3:69, 70,
72,74

structural features, 3:65

martensitic, 3:31, 32, 35, 50, 59; 7:60,

62,77, 10:76
see also Steels; stainless
applications, 3:59
corrosion testing, 20:64
fabrication, 3:41
mechanical properties, 3:37
stress-corrosion cracking, 8:47, 58
tempering temperature, 3:37
mild
crevice corrosion, 1:145
heat-resistant properties and
applications, 7:22
in buildings and structures, 10:37
stress-corrosion cracking, 8:28
rusting. See Rusting
spheroidised structures, 9:120
stainless, 2:97-100, 116; 3:3, 31;
7:60, 62
see also Steels, austenitic and
martensitic
anodes, 11:42
applications, 3:59
atmospheric corrosion, 3:48
breakdown potentials, 3:44
British Standards, 3:32
carbide precipitation, 3:45
carbide segregation, 7:129
cavitation damage resistance, 8:131
chemical cleaning, 20:108
classification, 3:32
copper action on, 20:6!
corrosion behaviour, 3:42
corrosion in sulphuric acid, 1:106
corrosion resistance, 3:42, 44
crevice corrosion, 1:144
definition, 3:31
electrochemical tests, 20:65
electropolishing, 12:25
fabrication methods, 3:41
fatigue, 3:59
free-cutting grades, 3:36
in acids, 3:51

37

Steels continuved

stainless continued
in buildings and structures, 10:38
in chemical environments, 3:51
in fused salts, 3:58
in natural environments, 3:48
in natural waters, 3:50
intergranular corrosion, 1:37;
20:55,134
mechanical properties, 3:37
metallurgical considerations, 3:44
pH, chloride ion concentration and
potential for artificial pits, 1:141
physical properties, 3:36
pickling, 12:20
pitting corrosion, 1:47; 10:18
precipitation hardening, 3:36, 39
sea-water corrosion, 20:69, 70
semi-austenitic, 3:36, 39
soil corrosion, 3:51
sprayed coatings, 13:87
stabilisation, 1:41
stress-corrosion cracking, 1:50;
8:47
tubes, 10:50
welding, 10:76
stress-corrosion cracking, 1:50; 3:59;
8:47, 54
structural, 3:28, 29
paint finishes, 15:62
tempering temperature, 3:45
valve, 7:58, 60
vitreous enamel coating, 17:4
weathering, 3:3
accelerated tests for, 20:51

Steelwork, atmospheric corrosion, costs,

10:7

Stellite, 13:90

Step structures, 20:64

Stern-Geary equation, 10:29; 20:38
Stirling’s approximation, 1:224
Stoichiometric number, 9:45
Stoneware, 19:34

abrasion resistance, 19:37
applications, 19:39

chemical resistance, 19:37
compressive strength, 19:35
costs, 19:40

dimensional accuracy, 19:36
impact strength, 19:37
jointing, 19:37, 39
mechanical properties, 19:34
modulus of rupture, 19:35
physical properties, 19:34
porosity, 19:36

tensile strength, 19:34
thermal expansion, 19:37
thermal shock resistance, 19:36
Young’s modulus, 19:35

Storage, inhibitors, 18:30
Storage rooms, 18:5
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38 INDEX

Strain, plane, 8:134
Strain cnergy, 8:3
Straining electrode experiments, 8:39
Stray-current corrosion, 2:63, 70; 11:85
a.c., 11:88
control methods, 11:88
d.c., 11:86
lead, 4:77
Stray-current electrolysis, 11:85
Streicher test, 20:63
Strength properties, 20:14
Stress-corrosion cracking, 1:47, 127, 128,
131:3:48: 8:69;:10:78, 79;
20:10, 33
active path mechanisms, 8:6
aluminium alloys, 1:48; 4:17; 8:89,
90, 92, 93
as function of potential in high-
temperature water, 20:137
austenitic steels, applied stress, 8:49
cold work, 8:49
crack path, 8:48
effect of composition, 8:50
effect of environment, 8:53
effect of microstructure, 8:51
effect of polarisation, 8:52
practical solution, 8:56
beryllium, 5:7
brasses, 4:56
cast iron, 3:96
chemical plant, 10:16-18
copper alloys, 1:47; 4:56, 58
crack initiation, 8:54
crack propagation mechanisms, 8:55
crack tip adsorption model, 8:14
crack tip pH, 8:75
crack tip properties, 8:12
crack tip-solution interface, 8:18
crack velocity, 8:18
dissolution processes, 8:40
effect of additions to cracking
environments, 8:40
effect of environmental composition,
8:37
effect of pH, 8:41
environmental aspects, 8:15
environments promoting
transgranular cracking, 8:42
ferritic steels, 8:27
effect of alloying additions, 8:33, 44
effect of carbon content, 8:28
effect of composition and structure,
8:27
effect of grain size, 8:35
effect of heat treatments, 8:35
fracture mechanics, 8:45, 136, 150
grain-size effect, 8:12
grain structure, 1:43
high-strength steels, 8:23, 158
high-tensile steels, 8:62, 73
heat-treatment effect, 1:48

Stress-corrosion cracking continued
in polythionic acid, 8:58
induction period, 8:54
load-extension curve, 8:148
magnesium alloys, 8:86, 87
maraging steels, 3:69
critical stress intensity factor, 3:72
effect of metallurgical variables,
3:74
tests for, 3:70
marine engineering, 10:65
martensitic steels, 8:58
mechanisms, 8:3
moisture in, 8:79
nickel and nickel alloys, 4:135
nickel-iron alloys, 3:82
potentiostatic approach, 20:135
pre-existing active paths, 8:8
prevention methods, 8:43, 80, 89
propagation models, 8:4
propagation rate, 8:5, 10
stainless steels, 1:50; 3:59; 8:47, 54
steels, 1:50
strain-generated active paths, 8:10
strain rate, 8:20
stress factor control, 8:44
stress function, 8:19
susceptibility, 8:4
systems resulting in, 8:25
test cells, 8:157
test methods, 8:139
constant-deflection-rate tests, 8:144
constant-load tests, 8:143
constant total-deflection tests, 8:141
effects of surface finish, 8:149
electrochemical aspects, 8:156
environmental aspects, 8:154
initiation, 8:157
pH variations, 8:154
pre-cracked specimens, 8:150, 152
solution preparation, 8:154
stressing systems, 8§:139
surface finish in, 8:149
titanium, 5:43
titanium alloys, 5:48 ; 8:78
hot salt cracking, 8:78
mechanism, 8:82
room-temperature cracking, 8:80
velocity, 8:145
carbon steel, 8:21
measurements, 8:153
visible manifestations, 8:3
Stress effects, 1:47
corrosion testing, 20:10
hydrogen solubility and permeation,
9:53
high-temperature corrosion, 7:3
Stress intensity, 8:134
Stress intensity factors, 3:70, 72
Stress reducers, 14:71
Stress relief, 1:263; 8:44, 50, 57;10:17
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Stresses,
in bent specimens, 8:166
in oxide layers, 1:260
plane, 8:135
Structural effects, 1:50
Structural materials, 20:85
Structural steel painting, 20:159
Structures, 20:94
atmospheric corrosion, 10:33
contact corrosion, 10:34
corrosive environment, 10:33
design, 10:33
ferrous metals, in air, 10:34
materials of construction, 10:37
non-ferrous metals, 10:42
Substrates, 13:4, 23
interdiffusion with, 13:40
metallic, 13:4
non-conductors, 13:6
Sugar products, 2:99
Sulphate-reducing bacteria, 2:79-80
Sulphates, 2:45
Sulphidation, nickel and nickel alloys,
7:90
Sulphide environments, 8:58, 59
Sulphides, free-energy diagram, 7:119
inclusions, 1:161
Sulphur, 3:36, 90; 7:22
in lubricants, 2;121
oxidation mechanism, 2:77
Sulphur compounds, 1:19; 3:4, 7, §;
7:9, 68, 73, 74
action of, 6.7, 9
in lubricants, 2:124
Sulphur-containing gases, 7:7
Sulphur dioxide, 2:29-30, 32, 34, 36, 40;
3:5,7,8;7:35, 37
Sulphur dioxide tests, 20: 50
Sulphur oxides, 2:29-30
Sulphuric acid, 2:74; 3:52, 122; 4:79, 84,
88:5:54, 65, 70; 12:18
Sulphurous acid, 3:62, 122
Superlattices, 9:104
Surface-active agents, 12:21
Surface condition, effect on rusting, 3:14
Surface defects, 9:100
Surface energy, 8:3, 7, 8, 137
Surface films, 9:100
see also Oxide films
Surface preparation. See Pretreatment
Surface reaction products, 1:26, 30
Surface reactions, 1:23, 229
Surface roughness effect on corrosion
rate, 2:21
Surface structure, 9:100
Surgical instruments, 3:61
Symbols, 22:17
Symmetry factor, 9:33, 45

Tafel constants, 1:85; 4:143; 10:29;
11:7,9; 20:34, 35; 21:35

Tafel equation, 1:85, 94, 104; 21:35
Tafel relationship, 1:102, 103, 203
Tafel slope, 9:36, 46-48, 52; 20:38
Tantalum, 5:59
anodes, 11:40, 67
applications, 5:70
atmospheric corrosion, 5:63
bimetallic corrosion, 5:68
corrosion behaviour, 5:59
corrosion resistance, 5:62
fabrication methods, 5:61
galvanic effects, 5:68
hydrogen embrittlement, 5:62
in acids, 5:63
in alkalis, 5:66
in chemical environments, 5:62
in chemical plants, 5:71
in gases, 5:63
in hydrochloric acid, 5:65
in salt solutions, 5:67
in sulphuric acid, 5:65
in various environments, 5:67
mechanical properties, 5:61
oxidation, 1:258
physical properties, 5:61
welding, 5:62
Tantalum alloys, 5:69
in acids, 5:69-71
Tantalum-molybdenum alloys, 5:69
Tantalum-niobium alloys, 5:69
Tantalum pentoxide, 5:62
Tantalum-titanium alloys, 5:70
Tantalum-tungsten alloys, 5§:69
“Tell-tale” holes, 20:146
Temkin isotherm, 9:24, 25
Temperature—concentration diagrams,
2:86
Temperature control in total-
immersion tests, 20:17
Temperature effects, 1:99
anodic polarisation of copper, 2:22
corrosion, 2:3
corrosion products, 2:49
corrosion rate, 2:13-18, 30, 89, 93.-95
potential-pH diagrams, 2:19
rusting, 3:8
solubility of metals, in molten metals,
2:104
Tempering, 9:118
Temporary protectives. See Coatings,
temporary
Terminology in corrosion, 1:14
Terms, glossary of, 22:3
Ternary solutions, 7:132
Terne coatings, 13:52
Terne-plate, 14:56
Testing, corrosion. See Corrosion testing
Textile industry, 3:61
Thermal cycling, 1:25; 7:4, 47, 67
Thermal-flux effect, 20:26
Thermal mass transfer, 2:115, 116
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Thermocouple protection tubes, 7:100
Thermocouple sheaths, 7:112
Thermodynamic efficiency, 9:60
Thermodynamic functions, 7:115, 123
Thermodynamics, 9:57
Ist law of, 9:58
2nd law of, 9:59
corrosion reactions, 1:53, 56
definitions, 9:57
gas-metal systems, 7:115
reversible cell, 9:76
scope, 9:57
Thermo-electric generators, 11:75
Thermogalvanic cell,
e.m.f. of, 2:22
roll of, 2:22
Thermogalvanic corrosion, 2:21
Thermogalvanic coupling, 2;23
Thermogalvanic potentials, 2:22
Thermoplastic coatings, 17:13-20
application, 17:13
dipping, 17:13
electrostatic spraying, 17:14
flame spraying, 17:14
spraying, 17:14
vacuum coating, 17:14
cellulose acetate butyrate, 17:18
general data on, 17:17
nylon, 17:18
Penton, 17:16-18
polythene, 17:19
p.tfce., 17:19
p.tfe, 17:19
p-v.c., 17:15
Thermoplastics, 19:44-48
amorphous, 19:60
Thermosetting plastics, 19:44, 48, 58
Thermosetting resins, 19:62
Thickness deposited by 1 Ah, 21:65
Thickness measurement,
chemical plant, 10:26
paint coatings, 20:167
ultrasonic methods, 20:152
Thiobacillus ferroxidans, 2:76
Thiobacillus thio-oxidans, 2:74, 75, 76
Thiourea derivatives, 12:23
Thomson equation, 2:32-33
Threshold stress, 8:152
Throwing power of plating bath, 13:33
Tillmans formula, 2:44
Timber. See Wood
Time-temperature-transformation
(T-T-T) diagrams, 9:117
Tin, 4:141; 13:50
anodes, 4:146
applications, 4:148
aqueous corrosion, 4:144
atmospheric corrosion, 4:143
bearing metals, 4:148
chromate treatments, 16:41
corrosion behaviour, 4:142

INDEX

Tin continued
in acids, 4:145
in alkalis, 4:145
in liquid media, 4:146
oxidation, 4:143
oxide, 4:143
oxide film, 4:144
physical properties, 4:141
potential/pH diagram, 4:142
solders, 4:147
structure, 4:141
Tin alloys, 4:141
chemical cleaning, 20:107
coatings, 14:56
Tin-bronzes, 4:35, 48
Tin-cadmium alloys, coatings, 14:57
Tin coatings, 14:11, 47
applications, 14:55
copper and copper alloys, 14:54
corrosion resistance, 14:48
galvanic action, 14:54
hot-dipped, 14:6
cast iron, 13:51
copper, 13:52
fabricated steel articles, 13:350
steel, 13:51
steel strip, 13:51
immersion in aqueous media open to
air, 14:50
méthods of application, 14:47
propertics, 14:48, 55
sprayed, 13:86
thickness, 14:48, 55
Tin-copper alloys, coatings, 14:58
Tin-lead alloys, coatings, 14:56
Tin-nickel alloys, coatings, 14:58
Tin-terne, 14:56
Tin-zinc alloys, coatings, 14:57
Tinplate, 13:16, 32; 14:49, 55
atmospheric corrosion, 14:49
containers, 14:51
lacquered, 14:52, 53
special quality, 14:53
yellow-purple staining, 14:51
Titamium, 5:34; 7:87, 104
anodes, 5:56; 11:36, 67, 76
anodic passivation, 5:46
applications, 5:46
aqueous corrosion, 5:37
bimetallic corrosion, 5:43
breakdown potentials, 11:37
cavitation damage resistance, 8:131
corrosion behaviour, 5:36
corrosion fatigue, 5:43
corrosion resistance, 1:211
crevice corrosion, 1:147, 148; 5:43
erosion resistance, 5:42
fatigue, 5:43 -
high-temperature corrosion, 5:44
in acids, 5:37, 38 ~
in chemical-environments, 5:37
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Titanium continued
in chemical plant, 5:44
in chemicals, 5:38
in liquid metals, 5:38
in nuclear energy, 5:45
in salt solutions, 5:37
mechanical properties, 5:36
oxidation, 5:47, 48
oxides, 5:36, 46
physical properties, 5:34
platinised, 5:47
polarisation curve for, 20:128
pyrophoricity, 5:47
stress-corrosion cracking, 5:43
Titanium alloys, 8:23
mechanical properties, 5:48
polarisation curves, 20:140
stress-corrosion cracking, 5:48; 8:78,
80, 82
welding, 10:80
Titanium carbide, 1:41
Trade names, 2166
Transfer coefficient, 9:45; 21:37
Transformation-time-temperature
(TTT) diagrams, 1:72
Transgranular cracking, 3:74; 8:11, 35,
42, 43, 49, 53, 81, 87, 88
Transgranular stress corrosion, 8:11
Transport, 9:5, 37
Transport overpotential, 9:38
Tropical environments, 20:94
Twins, 9:92 ‘
Two-phase alloys, 1:45

Udimet 500, 7:84
Ultrasonic cleaning, 12:10
Ultrasonic methods of corrosion
monitoring, 20:151
Underfilm corrosion, 1:148
Uranium, 5:73; 7:111
atmospheric corrosion, 5:74
coatings, 5:77
high-temperature corrosion, 5:75
in air, 8:76
in gases, 5:75
in nuclear engineering, 5:73
in steam, 5:76
in water, 5:73
effect of dissolved gases, 5:73
irradiation effects, 5:77
oxidation, 5:76
oxides, 5:76
Urea formaldehyde resins, 15:52, 94

Vacancies, 9:91, 92

Vacuum deposition, aluminium, 14:18
Vacuum evaporation, 13:97

Vacuum metalising of plastics, 15:57
Valve steels, 7:58, 60

INDEX 4]

Valves,
exhaust, 7:108
marine engineering, 10:62
Van der Waals adsorption, 9:13
Van der Waals, forces, 2:33
Vanadium, 7:105
Vanadium compounds, 7:75, 76
Vanadium pentoxide, 7:105
Vant Hoff isotherm, 9:68
Vapour blasting, 12:12
Vapour corrosion, 19:90
definition, 19:75
plastics, 19:75
woods, 19:88
Vapour deposition cadium, 14:34
Vapour pressure, saturated, of water,
2:32
Varnishes, 15:16
Vegetable processing, 2:100
Velocity and concentration interaction,
2:14
Velocity control in total-immersion tests,
20:18
Velocity effect
on corrosion, 2:3
on dissclution rate, 2:7
Vibratory tests, cavitation damage,
8:130
Vinyl resin paint coatings, 15:19
Vitreous enamel coatings, 17:3-12
abrasion resistance, 17:6
acid resistance, 17:8-10
adhesion, 17:5, 6
alkali resistance, 17:10
bonding, 17:5
cast iron, 17:4
chemical resistance, 17:8
detergent resistance, 17:10
dry process, 17:3, 5
frit composition, 17:3, 5, 8
glass-bottle industry, 17:9
hardness, 17:6
mechanical properties, 17:5
metal preparation, 17:3-4
nature of, 17:3
properties, 17:5-11
purpose of, 17:3
resistance to water and atmosphere,
17:10
softening point, 17:7
steel, 17:4
thermal expansion coeflicient, 17:5
thermal properties, 17:7
thermal shock resistance, 17:7
wet process, 17:3, 5
Vitreous silica, 19:25
applications, 19:27
electrical characteristics, 19:26
heat resistance, 19:25
melting point, 19:25
physical properties, 19:25
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Vitreous silica continued
resistance to chemical attack, 19:26
thermal conductivity, 19:25
thermal expansion, 19:25
thermal properties, 19:25
Voids. See under Oxide films,
discontinuous
Volatilisation, in porous oxide
formation, 1:258
Voltmeters, 11:101

Water-break test, 13:5
Water-supply systems, 10:47
aluminium pipes, 10:49
contact corrosion, 10:50
copper pipes, 10:49
fittings, 10:52
galvanised steel pipes, 10:48
lead pipes, 10:48
non-ferrous metals, 10:47
pipe materials, 10:47-51
soil corrosion, 10:50
tank materials, 10:51, 52
Water vapour, 2:28
Water(s)
see also Sea-water
alkalinity of, 2:44
aluminium and aluminium alloys in,
4:22
analysis, 2:39
cast iron in, 3:90, 91
chloride concentration, 21:60
constituents, 2:39
copper and copper alloys in, 4:44, 51
corrosion testing, 20:9, 93
diffusion through paint films, 15:26
dissolved gases in, 2:40; 3:15
dissolved solids in, 3:14
distribution of dissolved constituents,
21:59
drinking, 2:39
flow rate, 2:49
glass in, 19:20
hardness, 2:39, 44: 21:61
hardness salts, 2:44
high-chromium cast irons in, 3:113
high-nickel cast irons in, 3:105
high-purity, 20:136
high-temperature, 20:136
impurities, 2:39
in soil, 2:65-66
lead in, 4:76
metals immersed in, 2:38
mineral constituents, 2:44, 46
mineral salts, 2:45
natural, 2:38-50, 93
nickel and nickel alloys in, 3:80;
4:128
niobium in, 5:26
oil in, 2:47

INDEX

Water(s) continued
organic growths in, 2:48
organic matter in, 2:47; 3:15
pH of, 2:42, 44, 48
pressurised, 20:136
resistivity, 11:67; 21:58
rusting in, 3:12
effect of metal composition, 3:13
effect of operating conditions, 3:15
effect of surface condition, 3:14
effect of water composition, 3:14
saturated vapour pressure of, 2:32
saturation index, 2:42
sea. See Sea-water
stainless steel in, 3:50
temperature effects, 2:49
uranium in, 5:73
zinc in, 4:156, 157
zinc coatings in, 14:43
Watts solution, 14:69, 75
Weathering,
artificial methods, 20:98
steel, 15:64
Weathering steels, 3:3
accelerated tests for, 20:51
Weighing of specimens, 20:5, 11
Weight deposited by 1 Ah, 21:65
Weight-gain determinations, 20:11
Weight-loss determinations, 20:11
Weight-loss units, conversion of, 20:12
Weld decay, 1:40; 3:47; 8:47; 10:77
Weld defects, 10:74 )
Welded joints, protection of, 10:80
Welding, 10:68, 73
aluminium alloys, 10:79
carbon steels, 10:76
copper alloys, 10:80
glossary of terms, 10:82, 83
heat effects of, 20:7
low-alloy steels, 10:76
magnesium alloys, 10:80
nickel alloys, 4:106; 10:78
primers, 15:8
spot, 12:41 -
stainless irons and steels, 10:76
strap joints, 12:33
tantalum, 5:62
titanium alloys, 10:80
Welds,
corrosion testing, 20:7
crevice corrosion, 10:21
nickel-clad steel, 3:83
rusting in water, 3:14
Wenner technique, 11:67, 106
Wet corrosion, 7:3; 13:41
Wetness,
‘of metal surface, 2:31
time of, 2:31
Wetting agents, 14:72
Whiskers, on tin coatings, 14 :48
White rust, 2:32; 4:154, 156; 13:89
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Widmanstétten structure, 9:118
Williams Corfield test, 2:72
Wood, 19:81
acid resistance, 19:84
bimetalli¢ corrosion in, 19:89
chemical vats and tanks, 19:83
contact corrosion, 19:89
corrosion of metals by, 19:87
corrosion problems associated with,
19:85
corrosive-liquid containers, 19:83, 84
exterior exposure, 19:82, 83
glued-laminated structures, 19:83
1n acids, 19:85
metals susceptible to corrosion,
19:89
pH values, 19:88
physical properties, 19:81
preservative treatment, 19:83, 89
recommended for use in corrosive
conditions, 19:82
resistance to damp weather, 19:82
staining by metals, 19:85
timber names, 19:85
vapour corrosion, 19:88
zinc in contact with, 10:44
Work hardening, 8:127

Zeta-potentials, 1:173
Zinc, 4:150
anodes, 4:160, 161, 162; 11:3, 19, 20,
51
atmospheric corrosion, 4:154
contaminants from plastics, 19:79
bimetallic corrosion, 4:153, 154
chemical cleaning, 20:107
corrosion behaviour, 4:152
corrosion inhibition, 18:49
electrochemical corrosion, 4:153
grades, 4:150
high-purity, 4:150
in acids, 1:82; 4:158
in alkalis, 4:158
in buildings and structures, 10:43
in chemical environments, 4:158
in contact with concrete, 10:45
in organic compounds, 4:160
in salt solutions, 4:159
in sea-water, 4:157
in water, 4:156, 157
mechanical properties, 4:150
oxide film, 4:153
pH effects, 4:157, 158
physical properties, 4:150
protective film, 4:153
soil corrosion, 4:158
white rust, 4:154, 156; 13:89
Zinc alloys, 4:150
anodes, 4:160
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Zinc alloys continued
composition, 4:151
corrosion behaviour, 4:152
diecastings, 10:44
mechanical propertics, 4:150
physical properties, 4:150
soil corrosion, 4:158
Zinc chromate, 15:21, 39, 48
Zinc chromate phosphate, 15:21
Zinc coatings, 2:49; 4:157; 13:49, 50;
14:10, 36
applications, 14:45
building components, 10:44
characteristics, 14:36
chromate passivation, 16:36
comparison of process, 14:36
comparison with cadmium, 14:33
corrosion resistance, 14:40
diffusion, 13:59, 62
economics, 14:46
galvanising of continuous strip, 13:54
galvanising of sheet steel and
fabricated articles, 13:52
hot-dip, 14:6, 39, 40
in sca-water, 14:43
in water, 14:43
life in atmosphere, 14:41
methods of application, 14:36
painted, 13:89; 14:44
protective systems applied
subsequently, 14:44
soil corrosion, 14:43
sprayed, 13:82; 14:39, 40
steel sheet, 10:39
relative advantages of methods, 14:39
Zinc diecastings, electroplating, 13:19
Zinc dust, 15:21, 28
Zinc-iron couple, polarity reversal, 1:205
Zinc linoleate, 15:29
Zinc oxides, 1:225, 230, 237
Zinc phosphate, 14:24; 15:21, 30, 39;
16:30
Zinc plating, 8:111; 14:39
Zircaloy-2, 1:261, 5:52, 53, 56
Zirconium, 4:92; 5:34, 48, 52
applications, 5:55
aqueous corrosion, 5:53
breakaway corrosion, 1:255; 5:55
corrosion behaviour, 5:53
in acids, 5:53, 54
in alkalis, 5:55
in chemical plant, 5:56
in nuclear engineering, 5:52, 55
mechanical properties, 5:52
oxidation, 1:258, 262;5:56
oxide, 5:53
physical properties, 5:52
pyrophoricity, 5:53
Zirconium alloys, §:53
Zirconium-titanium alloys, 5:56

STRATASYS, INC. EXHIBIT 2017
IPR2025-00257, Page 81



