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In a recent editorial in the British Corrosion Journal, they referred to the objec-
tion of a councilor on Surrey County Council who objected to the provision of a
£20, 000 sterling laboratory to be associated with a new sewage disposal plant.
He objected because he could not understand why anyone would want to play
around with “it” and analyze “it” when all they wanted to do was to get rid of
“it”. For those who specialize in corrosion, it is difficult to realize that most in-
dustriesare not asinterested in under standing and analyzing their corrosion prob-

lems asthey are in getting rid of them.

l | ntil recently, the materials
engineer relied upon acom-
bination of his experience

and the use of economic analysisto
makethe proper choice of materials.
Hiseconomic analysesrequired pro-
jection of useful life, probable ob-
solesence, eventual cost of equip-
ment replacement - all seasoned with
future predictions on the costs of
money and labor.

The conservationists point out that
theend of our natural resourcesisin
sight. But the more optimistic of
these people allow that in many
cases the supply is virtually inex-
haustableif we can afford to pay the
additional cost of working leaner and
leaner resources. Can the materials

engineer today foretell the probable
cost of adepleting resource 20 or 40
years hence? There is an immediate
need for aconservation dimension to
be inserted in our economic deci-
sions on materials selection, bothin
the interests of industry faced with
ultimate replacement of equipment
and in the interest of the nation asa
whole.

If weassume, aswe have doneinthe
past, that the economic yardstick has
the best validity, let us examine the
probable cost of corrosion. In 1949,
the direct cost of corrosion in the
USA was estimated to be 5 billion
dollarsper year. Morerecent surveys
in 1971 undertaken by T. P. Hoar in
England on behalf of the Department

of Trade and Industry, suggested
that direct losses due to corrosion
would be 1.25% of the gross nation-
al produce. A recent estimate of the
National Commission on Materials
Policy inthe USA comesup withthe
figure 15 hillion dollars per year
whereas using Hoar’s percentage of
the GNP, inthe USA, the USA |osses
would approach 30 billion dollars
per year. The total annual costs of
fires, floods, hurricanes, tornadoes,
and earthgquakes in North America
do not exceed thelowest estimate on
the direct costs of corrosion.

Let us examine some of the costly
areasto see how such enormousloss-
es can be accumulated. A national
Bureau of Standards report in 1966
stated that 40% of US steel produc-
tion was used to repair or replace
itemsrendered useless due to corro-
sion. At that time, this amounted to
40 million tons of steel ayear. Fifty
percent of the world's zinc produc-
tion is sacrificed to protect steel.
Sixteen cents on every barred of
crude il isspent on corrosion |0sses.
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Corrosion costs the oil and gas in-
dustry an estimated $200 per mile of
line pipe per year on over one mil-
lion miles of underground pipelines
inthe USA.

Theimportance of reducing some of
this wastage transcends the econo-
mic considerations because some of
this waste results in the dispersion
of essential materialsin such aman-
ner that they cannot be recovered by
recycling. Voluntary restraint does
not seemtowork well in our society.
It will no doubt be necessary for
changesto be made in our tax struc-
ture such that the national policy on
materials (when formulated) will be
followed using familiar economic
methods of analysis. Itisdifficult to
predict what form these measures
will take, but no doubt they would
involvedifferent depreciation write-
off procedures, tax concessions on
increased capital expenditures to
decrease maintenance costs, to in-
crease equipment life, or salvage
value, etc. It is incongruous that
original equipment is often made of
less than adequate materials simply
because the piece of equipment
can be eventually rebuilt of the pro-
per materials under maintenance
programs where the maintenance
dollarsareworth 50% of capital dol-
lars.

Although energy cannot be de-
stroyed, it isonly useful when suffi-
ciently concentrated. Concentrated
forms of energy are used inthemin-
ing and refining of metals, in the
preparation and upgrading of chemi-
cal feed stocks, and the manufactur-
ing processes of all common engi-
neering materials from Portland ce-
ment to house bricks. Take steel
making for example; our older steel
plants use 35 million Btu's to pro-

duce oneton of stedl. In new plants,
thereduction of some 7 million Btu's
per tonisconsidered apossiblegoal .
If 60 million tons of steel are wasted
yearly in the USA, then the energy
lossis enormous.

The USA steel industry consumes
66% of the coal used by industry in
the USA.. Forty percent or even 20%
savingsin this valuable commodity
would be worthwhile, especially
since the coal will be reliesuponin
our eventual transition from an oil-
fueled economy to a nuclear fueled
economy. Even after nuclear energy
replaces ail, coal will be needed to
produce chemical fed stocks and fu-
elsfor aircraft for aslong aswe can
look into the future.

Professor Ulick Evansof Cambridge
wrotethat interest in corrosionisnot
something that can be created at will
and that it would be a fallacy to
imagine that something that makes
no appeal to the interest can safely
be neglected. If the metallurgists
continue to present us with better
and stronger materialsand if the de-
sign engineer with his computers
arrives at more sophisticated de-
signs, then the principal cause of in-
dustrial failure will be corrosion. If
this pertains, then a design engineer
who is not interested in corrosion
will be one who is not interested in
industrial safety.

Corrosion occurs in an often in-
sidious manner. It attacksthe inter-
nals of equipment where it cannot
be seen. It concentrates in highly
stressed areas, producing cracks
which lead to catastrophic failure.
It can lie dormant and suddenly a-
waken when some environmental
parameters change such astempera-
ture or velocity.

Most catastrophic industrial failures
have corrosion among their causes.
In many cases, corrosionisfound to
be the principal factor leading to
structural or mechanical breakdown.
TheUS chemical industry estimates
that the annual costs due stress cor-
rosion cracking failures alone to be
inthe order or 30 million dollars per
year. In 1968, the US Air Force de-
termined that 38% of their aircraft
accidents, major and minor, were at-
tributable to corrosion. A serious
problem presently existsin the US
atomic energy program which is
causing many delaysinthe construc-
tion schedule. In the boiling water
reactors, unstabilized grades of steel
were used with their predictable
(to everyone but the design group)
weld areaproblem. TheBWR'salso
developed corrosion problems in
Inconel 600 tubing dueto changesin
water chemistry adjacent to the
tubes, resulting in both pitting and
caustic cracking problems.

After early success in the United
Kingdom with the Magnox reactor,
a serious corrosion problem occur-
red inthe advanced gas cooled reac-
tor where carbon steel bolts in the
core vessel corroded in high tem-
perature carbon dioxide, requiring
the rebuilding of the internals of
these reactors. Although corrosion
was not the principal reason for the
scrapping of the UK AGR program,
it was a substantial contributing
cause.

Most people have heard of the vari-
ous failures associated with the use
of stainless steel where the chloride
ion was unexpectedly present. A
large electrothermal station at Bath,
Ontario, Canada had a boiler tube
failure during tests due to chloride
induced stress corrosion cracking.
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The failure occurred before the unit
was ever in service and necessitated
avery costly repair. These failures
point up the necessity of careful
consideration of corrosion factors
during all stages of design.

A very well known corrosion scien-
tist, S.C. Britton, in arecent article
said that the proper first answer to a
guestion about corrosion seemed to
be the one most exasperating to the
lost traveler seeking direction. “If |
were going there, | would not start
from here.” Like the traveler, the
corrosion engineer must start from
wherever he is. Recognition of the
type of corrosion and even prescrib-
ing thecureisusually the easiest part
of the business. Finding and apply-

ing an acceptable economic curefor
corrosion becomes the major diffi-
culty. It doeslittle good for a doctor
to recommend that his poor patient
takeacruisearound theworldfor his
health, since“what to do” and “how
todoit” must befollowed by “insur-
ing that it is done”.

To be effective, the person with the
corrosion responsibilities must be
intimately involved in al the design
stages as well asin the operation of
the finished equipment. This gener-
ally means that the mechanical,
chemical, or metallurigical engineer
involved in any process industry
must educate himself in corrosion
principles such that he can intelli-
gently apply the recommendations of

expertsand aboveall, be ableto ask
the correct questionsto lead quickly
to the solution to the problem that
couldinvolvethe safety of hisopera
tion.

Theanswer to our question “ Can We
Affordto Ignore Corrosion?’ isand
obvious “no”. Thetime is fast ap-
proaching when every engineer and
technician, regardless of hisspecific
discipline or industry, must develop
and interest in corrosion and be suf-
ficiently knowledgeableto anticipate
corrosion problems before they oc-
cur. Management must also be in-
formed of the effects of corrosion on
conservation of materials and en-
ergy, theeconomy of our society, and
the safety of our industrial processes.




