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the pipe fricticn against vhieh th> puweps nust work and
will thus reducc the flow of wvalueble fluids. The piston
rings and cyliuder walls of irternel combustio:. engines
centinually suilev eorrosion foeor burnt mases during
working reriods und from condensed corvesive wat » during
idle perisds, resultiag in loce of conpression, high oil
anda fuel consunntion, and hich trarsporu costs. 4 snmall
anount of cuiper lost by corrcosior of copper tubing to

a fluidg circuit may svviously damage a caich of soap
worth uundieds of doliars. ripework and contaiaers in
dairies and «tner fond-vrocessine industries have to be
nade of ccatiy stainless steel becavse the acids in milk
and other foods would &ksaye ordina s storl, quite arart
froi the noscible toxic effects of :sucu reactions. tut the
intensity of corrosion can vary sreatly and there ara many
circumstanees in whici corrosion is no slow ss to he

negligible,

Corrosion is generall, severeci in scawater, fresi water

or wet earth, dependins on the corrodang influences in the

ground or the water, iut buried or submorged or vartly

submerged structures sueh as pivelines or jetiics ern

usualliy so lar.e and expencsive that t becowen essential *
to obtuin the advice of a concultin: engincer on iow to

protect Liiew since it s btion econcaie to ray foar his

advice. ‘he consultaas nust be conbtacted errly, either




before or during the design stage becasuse his views will
affeot the design. The corrosion consultant, who may also
be the structural designer. will state what type of
metal to use and what surface coatings to apply to

it as well as any other protection that sy be

needed, indicating the most practical, economic or
durable combination of methods. But this specialised
i{nformation, although indispensable for large buried

or submerged structures, is not necessarily useful to
the maintenance engineer in his daily concern with the
pipes, stanchions and tenks around his works, because

it would ve impracticable and too expensive to

treat them all in the same WaY .

Submerged or buried structures will therefore not
be dilcﬁssod at length in this paper, 1¢ will dbe
largely concerned with the prewvention of rusting in
demp air. Luckily, many figures have been published
on the corrosion rate of bare mild steel in air at
different places. i corrosion rate is usually
understood to be the loss of metal from one side of
s metal plate and it is therefore equal to half the
loss of thickness. steel and cast iron have vmi

similar corrosion rates.




Qerrosion retes of iron snd steel in air
™e corrosion rates of iron and steel in the air of
his neighbourhood are of the greatest possible interest to
the maintenance engineer. le must know whether his area
has a corrosive or relatively non-corrosive atmosphere.
The rates vary in an extraordinary way from sero in a
4ry desert or mountain climate to 0.95 mm Yearly at

& side close to a surf beash in Nigeria,

This is prodedly because rusting is almost completely
non-existent when the air has a relative bumidity

- below 60 per cent. Therefore in most of France and
Central Europe there is much less rusting than in the
United Xingdom or other wester.. coastal aveas of Europe
wvhere the relative humidity is often above 70 per cent,
In 8iberid or the Alps the air is not corrosive because
the Alpine or Siberian air contains no industrial
impurities, and these, mainly smoke, are important
oauses of corrosion. In these places the relative
bumidity of the air also is usually low.




Only 1200 metres inland froa the Nigerian surf deach
shere & lld steel surface loses 0.95 mm depth in a year, the

oomnion rate drops to 0.04 mm yearly, mainly because there
is less salt in the air. lHoisture and dirt (including chemicals

1ike salt) are the two most imrortant causes of corrosion

in air.

The figure of 0.95 m. of yearly corrosion is worth
emphasising because many light-gauge cold=rolled steel sections

have 8 total thickness only a few times a8 guch as this annual

corrosion loss. In other words these sections 1if exposed
without protection would probably lose more than half their
strength, though not half their metal, after the first year,

and in s fev years would be worn throughe.
Annual corrosion rates in the non=industrialised areas

of industrialized countries are about 0.05 oa yearly, sometimes
a8 little as half this. In the south of England and in the
outer suburbds of Berlin, the corrosion rate is 0,05 mm yearly.
In industrialized areas, corrosion rates are at least doudle,
some 0.10 mm (0,004 inch) yearly (Sheffield, England and
Pittsburgh, USA). In the heart .f industrial Eugland, in Derbdy,
the corrosion rate is even higher, nearly 0,18 mm (0,007 ineh)
while in the middle of a large chemical works corrosion tekes
0.25 ma (0.01 inch) off a bare - steel surface every Year.
Since such 'high variations 4n corrosion rates are
possidble it is obviously important for the maintenance engineer
to know what is the corrosion rate in his factory (or on &
site for a fupure works). Exposure tests should be nade for
as long a period as possible, working in a friendly wvay with
a corrosion research ormiutgon zn,enothor country. This
. 4nvolves leaving pieces of metal to be tested in the open,

marked with some means of identity that cannot be hidden by
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rust (for example a pattern of drilled holes), weighing them
before exposure and aftierwards when the rust has been removed
by brushing, or some other standard method. iiost research
organizations, except some of those that are financed by
private companies, are happy to co-operate in this way with
workers in other countries, sharing their results and

inoreasing their own total of resu.ts,

Apart from climate and air poliution, another variation
in corrosion rates is caused by the type of steel, A very
small percentage of copper in mild steel (only (,U2 per cent)
will reduce its corrosion rate to a fraction of what it is
without copper. Steels made partly from scrap metal often
contain nearly this amount of copper. The extra cost of
coprer-bearing steel compared with mild steel is small,
about 5 per cent or less.,

low-alloy steels have lower corrosion rates even than
the ceépper-bearing steels. They have about 2 per cent of
alloying elements excluding carbon. The high-alloy steels
have even lower corrosion rates, for exampnle, a comon
stainless steel is described as 18=-8, neaning that it has
18 per cent chromium and ¢ per cent nickel. snother stainless
St :el referred to in this padper  is described as 18=10-3,
meaning that it has 1& per cent chromium, 1C per cent nickel
and 3 per cent molybdenum,

It is also interesting that corrosion is fastest in
air containing sulphur dioxide even though the sulphate content

of the rust (formed by the sulphur dioxide) is extremely small.

wearly all the rust is iron oxide and water. another curioeity

is thet air polluted with pure sulphur dioxide is much less

corrosive than air containing the same content of sulphur
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dioxide contaminated by sor2 particles of erarcoal. Une
would think that charcocal being a reducin: arent would
onpose oxivation. wun the contiury, it encouczres it,
wvidently it is the smoke in the air of industrial
countries that maies for rusting, since the smoke
conteins both sulphur dioxide and particles of

surbon 4in the foru of scot.

Is corrosion-prevention worth while ¥

iihen the maintenance engineer is asked b’ his emnloyer
"\Will this netal corrode " he must answer ".es" unless
the 1:otal is ~old or one of the nlavinum metals. ..ven
some of these corrod: because, like chromiw:, they are
protected fro:: corrozion : a thin, non-porousfiln

of their own oxide thnt Jorns i air 1@ sticks tishtly
to the metal. Jhe.c are iz “=ct no et is  used in
industry excopt there noble eti:ls that cre not in

sone circunstonces seriously corrods: v, water or air,
alr cousists fror this point of vieu of oxyren, nitrogen,
wvater, carvon dioxide ani the usual industrial nollutants,
sulphur dioxide, hydrochloric acid, a = onium sulphate

and sodium chlorid-z.

+he question is better ~ut in tuis way., "In whag
eonditions of usc will corrosion be reduced to an
econonic level ?" .he answvers to this question iay be
found as sug testions in this vaper. In :rTeaser detail
they will be found iz »ublic=tions or fromn orranizations

listed in Section 9, or from corrosion consultants.

Corrosion nrotection rarely costs more than a few




per cent of the cost of the structure, and con if the
structure is built or ordinary steel, be expectod to
double or trinle ite lirfe. It will therefore be well
worth while for a bridee or si.ilar structure which
has a long expected iife but less worti while for a
temporary structure. The naintsnance  entinecr's problen
is to find out, first of ally, she life recuived for his
structure and then to deteruine the nost econoiiic
protection to ensure that this life can r2asonably
be expectod.

ret us su:nose that tho engineer is faced with
@ construction job that will last two years at nost,
even if the weather is unfavourable. 1e has to build a
cofferdai: in the sea bed to keen out the ser tor this
maximu.: of two years. ile nust first incuire about the
useful ife of structures made of similar steel driven into
the sea bed in his -art of the world. 1t is unlikely
thet he would find evidence of scrious corrosion in less
than five years,

if this is found to be 80, the maintenance engineer
will need to take no further action for corrosion nrevention
besause vhatever anti-corrosion neasures he t-kes vill be
expensive and unnececscary, ~-vide. tly this is guite different
fron the bridge that shou.d last 1. . veuars. ‘he protection

of bridges against corro:ion rust be investigated very

early, in fact before they are designed. .'ina)l details

of sorrosion protection 4o not have to be decided then
but the general scheme of protection must be known at an
early stage because it may include the use ol a special

corrosion-resisting stecl. ‘he nmaking of this steel has
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to be arranged with the steelworks, the stcelmakcr must
plan it months ahead, and ti:e remainder of the protection,
ineluding metal coating and vrobavly nasinting may also

be affected.

Low=-cost corrosion prevention

“hen the meintenance engine » is in difficulty with a
large amount of exposed steclvork to protect and no
paint to protect it with, there is one anti-corrosion
material that he should remember, rortland cement,

it is alkaline and for this re-son protvects irnn and
steel from rusting. Lhere are uany ways irn vhich =&
cement=water or cenent-scnd-wate: mix c'.n be aﬁplied to
steel to prevent corrosion at 2 froction of the price

of paint. Une way is to mix enouch water vith the cement
to produce a creany grout and to coat the steci with this
by brushing. :t w2y perhups ve more ensily anrlied and
mey spread further if {ine sand is iixed with the grout,
In most countries, the price of cement is ab.ut one

fiftieth of tiue price of the cheurest paint.
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2. THECRY OF CORROSIOii

Chemists believe that "wet' corrosion is electrochemical, in other
words that it occurs in the presence of an elsctric current flowing
between two metals dipring into a solution called. the el~ctrolyve,
through which the current flows. To muke a coiplete electrical
circuit, the crrrent flows fro tb - firet metal tH the second metal

not only through the electreclyte but also from the second metal to

the first metal, conpleting the circuit, through soite other conductor,

usually metallic. The two rctals must pbe different for corrosion
to occur, but from the viewpoint of corrosicr i. is almost impossible
for two parts even of a bar of the sare metal not to be different.
One wi.1l have different impurities from the cther, forning in an
electrolyte an electrolytic cell as explained above,

"Different" here means ‘at different levels in the galvanic
series". The galvanic series is the sequence of the chenical elements
in the order in which they dissclve (corrode) in a particular
electrolyte, usually seawater or % per cent sodium chlorice solution,
Those at the top of the list dissclve (corrode) most casily, those
at the bottom dissolve least easily and are described ac "noble",
Gold, graphite and platinum are at the vottor of the list,

The tvo metals dirping in Lhe electrolyive are called
electrodes. The electrode thax dissclves (corrodes) is the anode;
the other electrode is the cathode, hydrogen is released at it or
metal is deposited on it, for example in electrorlating. Any metal is
anodic to all metxzls below it in the series and csthodic to all those
above it,

The galvanic series shows, theoretically, winich metals should
be used for the protective plating of other metals. Theoretically in
commeroial pructios (mot in jewellery) no metal should be used for protectively

coating any metal above it in the series. Thus, sinc, aluminium and
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cadmium are anodic to steel in the series and are used for plating
it. Nevertheless, tin which is more noble than steel and is 4
therefore belouw it in the series, is also used quite effectively p
for the seme purpose though for shorter periods of time and in
less severe conditions. It is true that once the corrosion of
steel in tinplate has started, iv continues much faster than
in steel coated with zinc or cadmium or aluminium. Nevertheless
for its special purposes in food cans particularly, tinplate
is useful (see p. 52 ).

One instance where two metals shou:.d be carefully kept
geparate is in galvanized steel water tanks. Any pieces of steel

or even iron turnings, left in the water tank 4wiil react with the

ginc coating and will quickly wear it through.

Zinc or cadmium or aluminium coatings continue to protect
a steel surface long after they have worn through and in fact the
protection of a zinc coating on steel continues ~until
only 1C per cent of the coating remains. after it has worn through
the zinc continues to vrotect the underlving steel by acting as the
anode in an electrolytic cell, and dissolves in preference to the
steel. When a tinned surface on steel nas been penetrated, the
opposite occuis, the steel ic dis olved in preference to the tin,
and it is therefore destroyed by corrosion more oauickly than the
ginc-coated steel. This is way it is said that zinc,cedmium

and aluminium protect steel"sacrificially’.

Cathodic protection
Trom 1 to 5 per cent of the cost of a structure is not much to pay

for probably doubling or trebling its life, and this is the ususl
cost of cathodic protection. Cathodic protection is generally not
used for small structures because of the appreciable amount of
engineering design work connected with 1i¢v, and this 1 per cent is
thercfore a considerable sum of money. 1f possible therefore,

cathodic protection is not used alone but in conjunction with

o | .
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protective coatings or wrappings over the metal. These reduce the
ares of metal exposed and thus the bulk of the cathodic protection
plant and the current requiggg;xpggﬁi%ggﬁfnt required is between
10 and 150 milliamps per sq metre,out usua.ly faon 50 ¢o 60
milliemps per sq metre. waturally this current is applied

oniy to the exposed metal and trs nroteciive coating mekes a
large saving.

In all types of cathodic nrotection the structure to be
protected is made the cathode. anclies are vlaced at some
distance away from it in the soil or Sea or other corroding
medium, and are electrically connected to it, usually by
cables. The ancdes c¢orrode in preference o the cathode,
There are two general methods of cathodic protection, the
impressed current method and the sacrificial anode method,

In both methods the anode dissolves, though more slowly

in the impressed current method, where the anodes may be of
graphite which is about as noble as gold. As would be expected,
8 direct current is forced in at the anodes and out at the
cathodes. In the sacrificial anode system the anode material
is selected from a metal that is anodic to steel [or to the
metal to be protected) in the gs .vanic series. in other words
the anode will quite naturally corrode in prefarence to the

cathode structure.

Part t vanic es
ARODIC END liagnesium
(easily corroded) 2Zinc

Aluminium

Cadmium

bteel or iron

Stainless steel 18-8 (active)
Lead

Tin

Nickel (active)

Copurer

Nickel (passive

Btainless steel 19=-8 (passive)

CATHODIO Wy Silver
(noble metals) Graphite
Gold

Platinum
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In the gacrificial anode syster the electric current

is generated by the electrocnemicel dilrerence petween the
two metals, and the mein expense is ths relatively frequent
replacement of the sacr.ficial anodes. In tThe impres~ed ]

current system taere ig aon apcreciazhle axpence 1N the 1

amperage thrt has v [low permelannly taoousn She system, and !
on largs jetties vrotected 1n his wsy a number ol power 1
tpransformers may be necded. SDw o aiatenance cngineer who !

considers apolying catnodic provaction, particularly i
t e use of inpressed current, spould first meke 8 rough
gurvey of the area of exposed metnl. ‘he corrosion. engineer
vwho designs the syste. wiil need thico information to make his
estimate. 1t iﬁémportant ~hat an experienced corrosion engineer
should be employed to design cathodic protection hecause in a
badly designed gsystem the corrosion may be worse than with no
protection at all.

he 1ife cf bare steel nipec in soii depends on the
electrical conductivity of the soil. the higher the conductivity,
the moTre corrosive is the scil. Witk low resistance chigh
conductivity) unprotected pipes could pe expectad to last
only two or three years. 50ils with low resistivity values,
below 50C ohm,ci are nighliy corrosive. 41dly corrosive soils
nave resistivitie: above 25(¢ onmycm and 1in such soils pipes
could be expected to 1ast 2o years withouv protection. IV
should be remembered that a soil resistivity depends very
greatly on its water content, put ir a normally dry soil is
flooded it wi.l be more corrosive than & similar soil that

is normally wet. lry soils often contain s>1ts that becoas®

nignly conductive when wet.




Pggsivation and anodic trctection

The passivation of iron and steel hecame known nearly two

centuries ago. It was noticed that <vhoy wouid not corrode if

i
;
1
]

they were first boiled in strong nitric acid. The metsl was
then said to be pascive or passivated. Later it was found

that chemicals dissolvad in woser wou.d h.ve rhe rame offect

and these were cailed passivatorc. rascivity is rot very
permanent and can be removed fro: iroi. b knockine it, but
in stainless steel it car be nore duravie. it is Dbelieved to
be caused by & stable fils of oxide that protects the metzl
from further corrosion. It can also be induced by rnassing a
current into the metai concerned, in the orvosit> direction fron
cathodic protection. In cathodic protection the protected
metal is the cathode; in nasszivation the protectod metal is
the anode, where ordinarily corrosion would be worst, hence
the name anodic protection.

naturally such a syster: has to be carefullv controlled
80 as to ensure that the current is not so high that metal
is lost to the solution., ~vt ar anrodica ly protected
plain mild steel tank has been used for containing strong
sulphuric acid without seriouc corrcsloin. & circulsr steel
tank is a relativaly easy a-rlication becnuse the‘cathode can
be placed centra:ly at the same dist-nce I'rou ul: tne walls,
For the maintenance engineer working in chemical industry
this method can be of interest becauce there is likely to
be a chemist or chemical engineer who will suvnervise the

essential instruments and take the realings necdeu oo a8

tc ensure safe working.

Corrosion inhibitors

Very similar to paz:ivators are corrosion inhibitors.

rassivators act on the surface of the corrodible metal, but

inhibitors act on the liquid, or on the air. Corrosion




inhibitors are well known to usgers of paint and some of them are also
pigments used in primers for iron and steel, for example red lend, calcium
plumbate, metallic lead, metallic chromates, ard when used in righ
proportions, metallic zinec. Auother corrosion inhivitor known to car users
in colc countriss is the anti-fresze 'iquid, ethylemne ~lycol, uscd in car
radiators, but this has been known occasionaily to decomnose and cor:odc the
radiator.

Some chromate inhibitors are poisonous and moast of them are costlye.

safer and
It is thereforepriore eccnomic to use them in a closed (re-ciroulatirg) circuit
than i. a once=through circuit. Normally they are mnot used in a once=through
circuit. All inkibitors for steel act .ore efficiently in alkaline than in
acid solution. Irn fact merely making the solutior cefinitely alkaline, at
a pk of 5 to 8.5* will arprociably reduce the 1ikeiihood of corrosion. The
solutior should thus always have a pk figure greater than 7, except for
chromates which can be used evern in slightly acid solution,

"rangerous" irhibitorc are so culied tecause if nisused they can cause
intense local corrosion. The bect inhibitors are cangerous, including sodium
verzoate, sodiurt chromate ard sodiun nitrite. The corrosion occurs sonetines
i1 the presence of dissolved chloride or sulphate. Lvery imhibitor should
be used at a cert:in iiinimun concentr: tion which differs with the environment.
One vay of eliminating the erfect of chlorides or sulphates in the water is
to :rovide a nolecular concentration of innibitor that iz 15 times as stron
a5 that of the chloride or sulphate, A commor inhibitor for closed systems
{s sodium chromate at pii 8.C to 8,5 and at a concentration of 500 gram:es
per tonre, It kille bocterin includirg sulphate-reducing bocteria, being
toxic. Ar alternative to sodium chromate is sodiur henzoate with a

small provortion of sodium nitrite

The acidity or alkalinity of solutions ir water is measured by their
hydrogen ior concertration. A neutrzl solution, one that is neither acid
nor alkalire, has qhyqrogen ior concentration of 10" 7. This is usually
expressca by saying that the pi value of thc solution is 7: pi values
larger than 7 incicate an alkaline solution, thoue smallcr than 7 are acide
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and an appropriate product that kills bacteria but is non-toxic
to mammals.

Corrosion inhibitors are regularly used in heating,
cooling, hydraulic or refrigerating systems, and in nickling
tanks to ensure that the acid avtacks the mill sczle and not
the gsteel. The steel of the pickling tamk itself is usually well
protected, for example with 12 mm of sheet rubber, covered
with a course of acid-resistine: brick.

In cathodic or anodic protection, as well as in the
application of corrosion inhibitors, the advice of a corrosion
enzineer or chemist is needed to ensure that the system is both
efficient and safe.

Trevention of corrosion in boilars
anothe r highly technical subject in which the advice of a chemist
is needed is th:s prevention of corrosion in boilers and the
equipment connected to them. As with most corrosior troubles,
there are several ways of preventing corrosion.. Goue

of them may ve used simultaneously, including feedwater trcatment

outside the boiler, trentment of the water inside the boiler
of chemicais

by injectionAwith the fecdvater, and treatnent o." the metal in

contact with the steacm ¢r water. almost every maintenance
engineer Will be concerned with a boiler, and some attenpt
nmust be made to mention the main points concerned with
boiler corrosion, however incompletely.

Oxygen and carbon dioxide cause rost of the corrosion
of the steel in boilers. nydrogen sulphide causes corrosion
| but is not so vlentiful as the other two, and amnonia corrodes
copper and ite alloys including ovrass. In power stations, ncarly
all the steam is condensed to water, pumped back into the boiler
and re-used. This has the great advantase of reducing tne intake

of impurities into the boiler. Condensers and associated pipework

are under vacuum and they nust be kept tight so that oxygen
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and osrbon dioxide are not allowed TO pe absorbed. LSome

water is lost because of leakage and blowdown, roughly U«5
correspording volume

to 3 per cent of the circulating volume, and & A has to be

puxped in continuously as make-up water.

All the make-up wat:r must be treated. iiost treatment
plants include settling tanks, filters, de-aerators to remove OXyger
and reaction chombers where the calcium salte, that produce
scsale, are precipitated by sodium salts. “he sodium salts
remain in solution in the boiler and do not cause scale. Scale is
not corrosive and in fact protect: steel from corrosion but it leads
to inefficiency of the boiler and to overheating of the
scale-covered steel, which may for tnis reason suifer
high=-temperature corrosion.

The totzl amount of salts in the fecdwater is not
reduced by this method, the calcium salts azzjsiglacod by the
pore soluble sodium salts, It wiil pe obvious that the
salts concentration in the boiler gquickly builds up.(sodern
boilers often have a throughput of 100 tons of steam per hour)

Salts concentrations in voilers must not be allowed to
build up above certain 1evels that are known ror each boiler.
Yor boilers at pressurec above 140 kg/sa cm (2000 pounds per
8q ineh) the maximum alloweble solids are 500 gram;esidissolvodﬁ
per ton and 5 granines ‘suspended per ton. For low-pressure
boilers operating at pressures below 21 kgssa cm (300 pounds/sq

jnoch) the conditions are much easier, 35C0 gram:es per ton total
solids including not more than 3wl gra r.es per ton of suspended
matter. These maxima must be kept to and this is the reason
fop blowing down boiler water. Blowdown Tremoves sludge and
dissolved salts and in large boilers is a continuous process.

From the viewpoint of the siteel, it is important to

keep the water alkaline and this may be done Dby intreoducing

a.monia @s a.monium hydroxide to hold the pk figure of the

S ————
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water at about 8.5 . The ammonia reacts with %the carbon
dioxide and neutralizes it but does not react with tne oxygen.
All the oxygen must be removed by the de-aerator thefoie the
water enters thc beiler.

for a high-pressure boiler in use at a site where the
natural impurities in the water exceed 50C grammes/ton, it
will be necessary to have demineralization equipment in the
water treatment, 8o as to bring the minerals content of the
water well below 500 g/ton.an advantage of the use of anmonia
is that it does not increase the impurities content o the
water since it is removed with the stea: but it attacks
brass and copper in the condenser and elsewhere. another
reagent used for neutralizing carbon dioxide is morpholine,
Cuﬁguo,which does not corrode copper or bracs but is expensive,

siydragine hydrate, li,H, L ,O or hydrazine phtosphate, (ii i, JHFO
274 T2 P L

have also been used. They react with dissolved oxyzen to form
nitrogen and weter, and at high temperstures the hydrezine
decomposes into ammonia and nitrogen. iiany of the boiler
reagents in existence are used for other purposes than
corrosion orevention, such as the prevention of foaming, but

they cannot be discussed nere,

Prevention of corrosion in idle boilers

of
A boiler that is outA%%b a short neriod, say less than two

months, is kept corrosion-free by filling it with de-aerated
alkaline water under pressure so that if leaks occur ti:ey are
outwards and oxygen or carbon dioxide are thus unlikely to

be absorbed. Naturally if there is time the boiler should

be cleaned before it is fiiled. The tightnes: of the valves
and other fittings must be checked. Ihe water must be analysed
periodically to make sure that the pi. value and oxygen content
are no worse than in normal operation,

For a long outage it may be worth while to dry out
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the boiler. It must be emptied, cleaned and dried out by
blowing not air through it at about 25006. Steel pans
measuring gL % 20 X 15 ¢n are placed -naide it contnining

. LI . . s v
a desiccant sucit as calciun chloridz, nuicitlime OF cilica

gel upr.ad uwni-prmly over thag ricor of Sue van. -he weignt

»

of desiccant needad nvol be ~alcvlated rrorm tio volume wibthin
«he poiler that uns in DO ropt dry. LU 1S asuaas.y fror 4 TO
kg cer cuvic metre of vooume. L@ NanS nust be neriodically
inspected and tnelr desicecant cnangea 17 1v 1s wel or snente.

. his methoa is alzv vors: using for piant or vives 1n transiv
since arums and ipes are nov usuaL.yv aiivic.lt uo $@.i. LOT
transit nackaging thc desicennt Lo usucLly ~ilice el in smaal

nlastic or textile bags. valcium ciiloride would be corrosive.

 desiccant is a dryini zent, a gubstr nee tiint aboorns

water frou the oir.

S T .
. § e g % 2 g
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3, DESIG. FOR COR.C.IOC FEsI.Ni..Co

. great increase of corrosio resistaunsce ¢ be obtuien -~crely by careful
at‘ertio) on tue drawi:. boecrce to t e ceometrisal &' ave na layout of
st:rnchiors, beams, wurlirs, tanks, reccticn veusels and so one. Shis work
must be bre o the drawing board, arv later st-;e is tco late arnd this nay
be one rexson why *hese iuportant antie-corrocior cetails are so often
onmiited,

Geometrical desigu

Serresio: canrot take place without vater o d tie arourt of corrocion
derends on the durztior of the exposure to water, TI: tle gond geometrical
design of structures exrvoscd to reir therefore, all exposec surfuces are
smcoth and shaped to drain easily. Corners whetner internili or externzl, are
rou:ded,

Qutside corrners are eacsily knockea ~nd lose rairt. Insice corners
collect dirt and therefore moisture. Jh:rr outsidc corner: are always
dif-icult to cost with naint or rrotective metal and for: tie sturting roints
for rusting. This is tecause wet paint ncturally forms a rourded surface
and the peirt thickness o:. a sharp ccrner is tlerefore ~ucr le.: than orn a
flat or smoothly rourde:i surfacc {(sce strire coot, pedd )

All this implies that the idesl ctruectural sectio:. for corrosior
rezistance is the c¢linder, the tute cf round cross-section. This is true
but round tube: are a little rore difficult tec weld th~n rectangular-gsection
tubes because the roundness makes for curvec weld lines. FKectangular tubes
con be joined by straight-line welds. Their corners arc rourded irscide arnd

out, 2nu to rrevent corrosion inside they merelv need to ve sealec, like

rourd tubes, by welding a nlate over tiie end. Cuch tubes are now availeble

i: long lerngths, up to about 1%,5 metres, Tubular sestions, whether round
or rectargular have a nuch smaller external area to be painted than joist

or chan: el or angle sections of comparable strength. Unfortunately




they are more expencive th:n joists of the same beam strength, i.e. they
have leas beam strength for the same weight ver unit length,

Joists , angles ’ channel or tee sections all have internal
eorners where dirt can co.lect and absorb moisture that causes corrosion.
Angle or charnnel secticns however have the advantage that if placed with
their hollow side Jdown, they have a well drrinec u ver surface &and are
unlikely to ccr.cdc Tt

1 drainage is important for structural sectiors it is eve. rore ao
for pipe ;uns arc tanks becnuse they shcou:'i be driec out and cleaned
periodically. Small tunks must be bui t with tre bottor sloping towards a
drain cock. Large tnonks must be built slovirg to a =surn that must be
accessible for emptying. There must be ro place wher: lig.id cen collect and
not be removed., rhe: it is unavoidable to use dificrent :ret-1ls in the same
system , the flow of water sho:ld be from the anodic met:1s in the system
towarcs the crthodic metnls, for exuncle fror ire or aluminiur to iron.

The undersides of tz.ks ¢ n for: tyrical crevices where corrosion eun
start. The test way to avoid crevice corrosion .nderrnesth a met:l tark is to
14ft it well clear of the floor so that the spnce beneni: is at lenct large
enouch for a nan to crawl under znd inspect it. Thi: mav mean that the floor
should btr lovered . If the tark is tc remair for sone years the exterse of
lowering the floor should be werth wiile. . cad le or ucd of metol shoula be }
welded to the underside of the tarnk where it ic to be suoported. On this pad
is welded a brncket to vhich the stanchion is boltecd. In the design of tlre
stuachions it should :ot be forgotten +that they shocnld be shorter ot the end;
gorntaining the dpei. cock becnuse the tank mucst drain toward this erd.

vigh-alloy stecls

Dilution of welds should be avoidea but i: addition, weld metals shrould
preferably be more nobvle thar the basis metul. Whe:e tuinless or other
expensive corrosion-resisting steel is welded to carbc: steel, it is wise

to weld first on to the joint area a steinles: cteel weld pad to whicl the




carbon steel is later welded. If the curbon steel is weldea

directly on to the stainless steel, the stairlessz steel is likely to be

diluted ot the weld and corrosion will probably start there. The designer rust

specify the filler metal (welding electrodes: ard the tyre of weld so ar- to
ensure that the welds are corrosion resistant. The welder sheuld not have to

make sucl. decisions himself. Or o:ne occasion wher a welder ha: to chrose the

filler retal for welding an aluminium storage tank to contsin nitrie ncid, the

tark had to be replaced because all the joints began to lezk. The welds had
not been fully specified and the welder had chosen the wrong filler metal,
Inert-gas-shielded weldiry rrocesses make cleaner welds witi fewer
slag inclusions thar ordinary metal-arc weldinr nrocesses. lanks to cortain
acid are likely to fail at slag irclusions.
~tainless steel, particularly for tanke containirg acid, must be
protected agninst attack on the end grair, irroperly hent-tre:ted austenitic®
stairlecs steel has good resistnnce tc ritric acid or itz rolled surfrce,
Generally thizis the only surfacc that is ex.osed but at welds any leck can
exrose end grain and corrode the plate as & whole, It iz therefore vital
that welds shall be made absolutely lerke~vroof. i urrigit nlete
thet hnc to he welded to a horizontal plate rmust be bevelled on
both erres before welding, sc as to make o full-penectrntion weld.,
if the edzes of the pkte nre ot bevelle.., Lhe welc iz likely to be
porous urd to leak and thus to allov enu-grain attuack. Fullepenetration

veldc of Lhis type have been watertight , and acid-proof for yerrs.

*

Jtainless steels have excellent corrosion resistance but therc :re
Sseveral different ty:es, the most corrosion resistant teing described
£ aateiitic, Thece ca: nluo ro:ist Ligh torseratures since they do not

xidize at temperatures below "50°C,

EAR Nt
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Proper heat treatment of Joints alter welding also
helpe to increase tine corrosion recistance of carbon =tleel
to nitrate solutions rfor exauple. :he advice of a netallursist
is needea for the nroper temperature, duration ana tyve of heat
treatment.

vater trertment

7he treatment of boilenmwater to prevert corrosion in the

boiler is discuesed in  Lcetien 2. 3imilar preblems are

met with in process water. n every works the water used is
likely %o be corrosive and should oe analvsed co that a

chemist can determine how Zts corrogsiveness can be simply

and cheaply reduced. In¢ carbonate balance can be controlled,
for example, so that a film of caroonate is lzid on to metal
in contact with the water, tc protect the metal, ‘he acidity ©
pH (see p. 20 ) of the water can be adjusted und the pH value should be
kept above 7. The oxygen content of the woter can oe reduced.

If there are nc suitacle salts in solution So derosit a
protective film on retal in contoct wila the water, a content
of sodium silicnote arounting to only 20 to 5C partg mer
million in the water wi:l sturt tue forration of a nrotective
film. aASter tne fils nas cegun to ce Iorned thne content can
be reduced to & vparts ver million. uther additives such

ag waterglacs or sodium tvhostnate or sodium metaphosvnate

can also pe used tc nrevent corrosion out always with

the advice of a chenist or corrosion ennineer,

ripe corrosivi

corrosiorn in mines :nay be caused carily by the high sneed

of the lisuid flowiny tnrough them. .Li° nines need replacing to
often, it is advisable to try renlacing them with pines

of lar:ier dismeter. in this report there is no snace for
discussing vine-low formulae “nd in any cnge they do notv

t.ike corrosion into ccnsiqerution. .ne maximur vive velocity
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should if poszible be tent dow. to a reacona le levat, ep-
below 2 metres,second, rarticulerly for acid or al-aline
licuid:,.

If pire ceorrosion is trcublecome :ina specds canrot
be reduced, an eifor. shcuid be made to reduce the Terversiure

of the flowing liqguid. Mhis is usunily not »o

(é2]

~ivle but hot

spots can and "ust%t be avoided, i‘hiey are the nlzcz: where
ccrrosion usually starts. - aesting coil snou.d be at or nesr che
centre of a vessel. . retzl flus s10uld Lon be nllowe: to
he ‘¢ I.ue goses tnst are so cool Lhat meisture conde:.sos

ir it. Damv fine zus i one of the moct cerroriva Jludde in
existence, narticulaerly if ctper. is sulpnur in the fual, ~nd
tharciore suidnur dioxide in the flue 388,

wocatvion of tuae fihctory

Yhe loc cion of o weriks 15 insoriont i mbti-corrosion dxoiim
thousn Lt ls usually rcet 03 ible ror the mri-tenanco aneinesy
to chanze div, Jites to whicn scid  fumes or otacr zmose - re
biduzns by vae nrevoiling wind wuct be avoideo and of course tae
choice of proczss water is imsorsont,. 1.2 & uni neneiration

b;" corrosinn into stwel left un~rctected irn the oren .1 wuo

Ul 220 0808517 NOT DeLoWeele™ TN - weui ine:n) sng toe Lo

O Uuicknes: on two zunfuzes wiil of course be double This.
Werse lcoier can ne cu. Jerea witnout disaster put tuesc Jlcuree
d. zaow the need for some zar:t of rrotective cozvine o steel

i1 an induscrisl environnent. Lne eomnany Loweva, get o fisure

veu /5 M {Cevu3 iner) artual 1685 in vine wall tnicknese
& th~ desinn -aximum for nives car ying ‘:tv, ner cent
siipanric acio at 1459, any industrial sise  do sufter
eéven worge corrozion raves for baore steel exnosad To une

W.other, as nointed out in .ocvion 1.
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grevice corrosion

One of the commcnest locations for corrosion is in crevices in
tanks or in structures of steel or other metals. Rkiveted joints
that have not been caulked, or lar welds that have not been
gsealed by a double fillet can collect uoisture and will corrode‘
fast. If the crevices canrot bhe sealod by welding or caulking,
they can be filled with one of the fillers used by decorators or
by a mastic sealer, ..oisture is sucked intc unsealed narrow gaps
of this sort by capillsry acvion®. Becnuse such water cani ot be
removed except by boiling, it is certain to cause corrosion. The
design of the welds is important, double butt welds should always
be used if possible. If lap welds are use<d they should be double,
in other words, weld:d on both sidec.

Tha. crevice corrocion is .ot caus~d only by capillarity i
proved by the fact that it hacspens also under water whers:
capillarity cannct exist. Even when an effective corrosion
inhibitor is used in the correct proportions in the liquid, its
protection usually does not extend to crevices unleas additional
stirring is uced «nd eve:n this is ot usually successful.

An exarnle of the elimination of crevice corrosion is give
by the Corrosicn ..dvice Bures: of th- British Iron ard Steel
Research Association (FI3¢A) in connexion with tihie re-design of
mild steerl pit tubs useé for carrying coal ocut of British coal
mines. The rcunding of tie bottor corners of the tubs (eliminatic
of crevices) without changing the steel, iIncreased the tub life
by 30 to 50 per cent. After the re-shaping of the tubs,
investigations were continued into the use of matcrials with
better corrosion resistance.

The original .ild steel tubs without galvanizing or othoé

surface protecticn lasted only six years, resulting

The rise of 0il or other fluid up a vwick, or of any fluid up @&
thin tube, or the use of blopting paper are all examples of ‘
capillarity, wnich is the sucking of fluidz into narrow spaces,
often against gravity.
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in an annual cost of around #11. Using bare Cor-ten corper=-

bearing steel, the total cost was increased by @2,4 or 4

per cent but the tub life was increased to eight or ton

years, thus reducing the annuai cost to 7. With salvanized

mild steel the total cost compared with bare mild steel

was increased by 41U or some 17 ver cent but the life was

increased to 12 or 15 years, thus reducing the annual cost

per tub to about #6. With galvanized Cor-ten steel

the total cost compared with bare mild steel was some 21

per cent more but the tub life was rore than doubled, to

15 or 20 years, reducing the annual cost per tub to only B4.5,

less than half the annual cost of the original tubs,
Different metals in contact

Care must be taken when different metals are in contact with

the same liquid. The introduction of copper water pipes into
British houses that had previously had only galvanized steel
pipes connected to steel tanks galvanized many years before,
resulted in many leaking tanks that had to be replaced. Whether
copuer pipes are used or not, the inside of galvanized tanks must
be carefully clcaned before the tanks are fi.Jed. Bits of

iron or steel will speed up the corrocion of the zine,.

A stainless~steel cooler was surrounded by cooling

brine in a carbon steel tan:. “'he ecarbon steel tank was
protected by an excellent anti-corrosive paint of epoxy resin
but this was soon pierced by a galvanic current from the
stainless steel, which probably started at pinholes through
the epoxy paint. The corrosion "driiled" so many holes right
through the carbon steel that the owners suspected sabotage.

It would have becn much too costly to change the outer tank for
one made of stainlees steel or some other noble metal so the

design was improved by painting the stainless-steel




surface that was in contact with the brine. This reduced the
ares of cathode and the rate of corrosion in proportion. Such
holes, apparently drilled, are typical of pitting corrosion.

The same principle applies to different retals that
are in contact in air. If the contact cannot be avoided, it
may be poscible to sevarate them by insulating washers, with
en insulating sleeve round tne bolt. isut the insulating
materisl also must be carefully chosen. 4 moist insulator
is always more corrosive than a dry one and poasibly more
sorrosive than none at all. The insulation material should bde
one that does not absorb water, or if it does, it should
be tested wet to see whether it still protects against
corrosion. .08t plastics are both insulating and do not
absord water, like nylon. A simple test is to wet the
insulator and then to test its electrical rcsistance, after
its outer surface has been dried. 1f the resistance is less
then it was in the dry state, the material nas almost
certainly absorbed water. inother, wernhaps simpler test is
to weigh the material before and after soaking. An increase in
weicht, after surplus water has been dried off, almost certainly
indicetes that water has been abcorbed.

In conn.xion with crevice corrosion and the use of
different metals in contect, cthe Society of american ingineers'
Comittee on the Frevention of Corrosion in lIron and Steel
recoumends that joints should be completely sealed with
mastic sealers to srevent the entry of moisture or air. This
a nlies particularly to welded joints. Different metals,
the comittnoe says, should notu be used in contact with each
other but if they are, e large anode area aluminium, cadmium,
2inc) should be used in conjunction wita o suall cathode
area {steel,. Ihe stecl should preferably be coated with

protective metal. +the joint should be insulated, with
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protective coating on both sections, especially on the steel
side and with good ventilatio. and drainase, Larm a=rzy or
infra-red inspection is convenient and enables breakdowns
to ve avoided by detectior of corrosion damage at the start
when it is limited and rerlacenent is easy,

In this correxion it is wort:. relsting an <ncident
of unexpectedly fast coriosion of eluninium alley vipe in a
circuit connected to steel pipe. looding of o0il wells that
have riniahed their vroductive life 1is relatively conmon in
nany oilfields. rhe water injected into the "empty" well
drives the o0il to neighbouring wells and increases their
output. It is desirable to keep oxygen out of the water so
as to decrease corrosion of the stcel tubes both in the well
and out of it. Cne source of oxygen=free water is that
found in deep wells, which unfortunately is often salty,
particularly in the oilfiolds of the Gulf of ..exico. The
oxygen can be kept out of the water when it has been pumped
out of the well by keering circuits closed and sealed and by
covering open surfaces with a la er of oil.

For one offshore well on th- Gulf coasgst, a source
of oxygen-free woter was available that contained 1 per cent

salt. It waé considered safe to use aluminium alloy ripe

witl a protective inner lining ¢.25 mm (C.01 inch) thick,
made of gluminium containing 2.5 per cent zinc., ..t the first
inspection, however, a rusty, metallic-looking deposit

which was electrically conducting in places, was found inside
the pipe. When sections of the pipe had been cut through it
wes found that the inner protective layer had been completely
replaced by the rust in only nine woeks of use. The 5CO metres

of pipe had to be dcrap.od and revlaced by plestic pipe in

spite of the risks of domage to tine plastic on the sea bed.
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It would be unfair not to follow such a story with
others that have a havvier ending. Corrosion at British sez ports
is severe, and for many years Lritish Rail have been fighting
it at Harwich. Boats from here take trains agross to the
Continent and back. The bridge connecting the ships to the
shore, over which the trains nust pass, includes a number’of
beans that must move relatively to stanchions that are only
3 mn away from themn. Rust had filled this epace and locked
some of the beams so that they could not move. ‘he rust was
removed without much difficulty, merely by hacksawing it
through. ind to insure that the rust did not return was
also relatively little work but specialist advice was needed
and a preventive maintenance plan had to be started. The stanchions
vere drilled at a number of points and fitted with groase
ninrles to enable a heavy-duty grease to be forced in. The
particular grease chosen erits an anti-corrosive vapour |
80 that points not reached by the grease do not start to
rust.

Corroded pas tanks of cewaze sludge digeetion tanks
at ..auchline, ayrshire, 3cotland were recently saved by a
plastics coating and patching treatment thut proved less
costly than repairs with metal or metal coating. The inner
surfaces of the tanks were pgrit-blasted to remove rust., During
the grit-blasting sone suall holes were mude in the tank walls.
fhese holes were patched with fibre glass and resin. The
protective coating was a zinc-rich primer followed by tvwo
brushed coats of solvent-based epoxy resin, providing z film
Ue25 mm  (Ce01 inch) thick. The film is claimed to have high

resistance to abrasion and cherical attack, including dilute

nineral acids, alkalis, vegetable and mineral oils, groases,




gsoaps and so on.

It is worth describing here the common measures now used in
the UK to prevent the chimney corrosion caused by the burning of
sulphurous fuels, particularly oil fuel, now becoming increasingly
popular. Chimneys are corroded by ecid condensates that attack their
inner lining. The only way to preveut thiz corrosion is to keep the
flue gas warm enough to prevent condensation within the chimney.
(Preiininary removel of sulphur from oil or coal would be
prohibitively expensive).

Within a chimney, the dowpoint of water is about 60°C
(140°F) but it is more important to know the temperature at
vhich the acid gases, sulphur dioxide and sulphur trioxide,
condense, vhich is between 115° and 125% (240 to 280°F).

The flue gases can be kept warm either by raising the
temperature at which they leave the boiler, which is thermally
inefficient, wasting heat and therefore money, or by raising
the temperature at whioh they leave the chimney. This is
achieved by insulating the chimney.

In dwelling houses a common way is to line the brick
chimney with a plastic tube th%%;??id: :Eiatrr cross-section
than the brickwork and therefore kesps ,warmer and incresses
the flue gas flow rate. Both of these tendencies together
reduce condensation within the chimney but even if it does
ooccur, the plastic lining does not corro&o. In industry,
chimneys are often msde of steel and another method is
common. An inner shell of thinner steel is erected within
the outer structural steel chimney tube. The ring-shaped gap
between them is f£illed with glass wool or other suitable
insulation. The gap must be wide enough for the insulation
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noeded. If the exit temperature of the flue gases is not
above 135°C, there is & chance that the point at which acid
begins to condense will merely be moved higher up the
chimney and the situation may be no better than without
insuletion. In fact it may be worse, since the condensate
can drip down along a greater length of the chimney valls

than previously, thus exposing more of them to corrosion.
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This section deals with the painting of iron and steel
and the metal coatings on them. The prevention of corrosion
of other metals is not discussed, mainly because of shortage

of space, but they corrode less than s steel or iron.

Smgco preparation

‘?‘ Before peinting starts, the surface to be painted must dbe

80 oleaned that the paint will stick to it. For rolled steel,
Plates, sheets, besme, channel and angle sections and so on,
this means removing all mill scale, the black skin of oxide
formed in the rolling mill. Casting scale, the skin formed with
the sand on the surface of a casting made in a sand nould, does
not need to be removed so long as it is tightly held, because
it continues to protect the casting after it has been covered vwith
pPaint. But mill scale does not. If painted over, it will 1ift
and destroy the paint in a very few years.

- Proper surface preparation is more important then anything
else in the success of a protective coating, whether the coating
is paint or plastic or metal, A fow modern, quite exceptional
paints can be put on to damp or evan moderately rusty surfaces
but they are unusual. The best method of preparation generally
is blast cleaning (shot- or grit-blasting) followed in
effectiveness by pickling, flame cleaning and wire bdbrushing,
and lastly hand ¢leaning, the most inefficient end expensive
method, even with power tools.

Pickling, the scaking of steel members in acid, to remove
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ssale and rust, was formerly used much nore than now, It has
fallen into disfavour becauso it is & wet process and it is
difricult to avoid a thin film of rust forming on the steel

~ (always preceded by de-greasing)
as it dries. In new installations, picklins/\is now used chiefly

for cleaning thin material. Sheet metal or thin plate bvelow about
2 sm thick ocannot be blast clesned because it becomes dented
%y the impact of the grit or shot.
A dissdvantage of flame cleaning is that the ltoolnrk
is ususlly left to weather in the open for about a year 8o
that slight rusting shall 1ift the mill scale from the surfece
of the steel. Flame cleaning must be followed by wire brushing
to remove the broken scale. Unfortunately the vwire brush
eannot remove all the rust, nor will it remove tightly held seale.
A further difficulty with wire brushing is that it mey be
done on an erected steel framework, with all the obstacles
%0 good work that height above ground can bring.
‘Whichever method is used for pbeparing the surface,
{¢ should be followed as soon as possible, preferably within
four hours, by a first coat of protective metal or a priming
er pretreatment coat. A well prepared iron or steel surface
is in an extremely sensitive condition. It begins to rust as
soon as it has been cleaned, and this rusting must be l”ppd
as soon as possidble by the first surface trntnont. One of

she treataents that precedes priming is sdequate, for Mlo

phosphating or etoh priming.




impact cleaning

It was established come years ago that impact ¢leaning
(blast cleaning) metnods were the Leat surfacs preparation
for iron and steel. iand cleaning is not “nly siow but very
inefficient and exvensive in labcur. Lven power-onerated hand
tools, such as vibrating needles, wire trushes snd so on are
less effective than impact cleaning. ‘hese povier tools have
the disadvantage that if they do remove £ll the scale and
dirt the surface of the metal is likely to be polished and it
may be difficult for modern paints to stick to it,

Impact cleaning is the throwing of hard particles
of metal or mineral ageinst the dirty surfece so ag to remove
all scale and rust down to bare metal. In one method the
abrasive is thrown by a jet of compressed air or water under
pressure, in the other method no eir or water is used and tho
shot or grit is thrown ty an impeller wheel. In the Unitved
Kingdom since 1949 it has been forbidden to use sand or other
mineral grit containing free silica because of the danger to
the health of the men who breathe the silica dust. In Britain
at least it ie therefore no longer correct to speak of sand
blasting.

If the operator has to work in the enclosure containing
the tblast-cleaning mechine he must be p&ovidod with protective
clothing that covers him completely, including a hood with an
independent air supply, so that he does not Lreathe the dust,
4inc or mluminium dust can be highly inflammable and lead
pigments removed from old paint are poisonous to breathe.

Good modern practice is to clean plates or sections at

the mill where they are rolled, by impeller blasting with shot,
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commonly of cast steel. Shot blasting has the advantage that
used in a plant vwhere

dirt can be easily separrted from the shot. The shot ifpit can
be recovered, can be of high grade, of regular size and shape,
ensuring that the metal surface 1is not excessiveiy roughened.
Cleaning of steel at the rolling mill is of course a factory
process and better work can be dono at the factory than in the
shipyard or on the building site,

Similarly, 1f the prefabricution primer is apvlied in
the rolling mill, it wiil probably be applied in hotter
conditions than would be possible elsewhere. The prefabrication
primer immediately follows the tlast cleaninr and must be one that
is compatible with the welding or other processes that are to be
used on the stecl. If the steelmaker is told what fabrication
processes are to follow his primer, he wiil ensure that the
primer will suit them. Whether welding is manual or automatic,
excellent results can be obtained with the right primer
applied in the right quantity. tiost of these primers will
protect the steel for six weeks, others such as zinc dust
primer in epoxy resin, for eix months,.

8ince hull corrosion can increase a chip's power
requirements by 20 per cent, it is understandable that shipyards
were among the first large-scale users of imnact cleaning for
steel plate. ‘The shipbuildefs understood that the most
important single process in protecting steel is the preparation
of the surface before painting. A carefully thought out
peint system, on a well prepared modern steel bridge, generally
has some eight years of life . Exceptionally it may go to 20

years. Such schemes cost more than conventional painting

because they include w.tal spraying under the paint, but the
its first
cost of painting the bridage rorASO Years is expected to bde

halvod.
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To prevent corrosion of the steel of tthSevern Road Bridge
in the west of England, the de-icing materizl is not sal®t but
a mixture of urea with sand. It is more expensive than salt
bui is no mors corrosive than tap water. Since tho functicn
of a de-icing chemical iz merel;- to lower the freczing point of
the water, and thic can be doﬂe by any chemical with a high
30lubility in water, the search far a non-corrosive, low=cost
de=-icing uaterial for roads in frosty countries is continuing.
+he serious corrosion on car bodies should thereby be reduced,

A blast-cleaned surtsce must be adequate in two ways. It
must be clean enough and must be rough enough, but not too
rough. Two British standard grades of cleanliness have been
accepted, the first grade Leing unnecessarily high and expensive
% for many types of stcelwork. The first quality finish, "white metal",

is clean metal roughened by blast cleaning avorywhere, Its cost

3 is roughly double the cost of the second best surface in which only

§ 9C per cent of the area needs to be clean metal but nov single

area of 6.25 sq ecm (1 8qQ inch) mey contain more than 20 per

cent of its area discolovred bv continuous ccale, rust, old paint,
or other dirt. The surface finish to be provided must be agreed
tetween the contracter and the maintenance engineer. A Swedish
stendard fer surface finish of steel was one of tho first
published standards of this type and its diagrams of the grades
Tequired are interesting. The British s.andard (BS 42%2:1967) also
“2s disgrams showing the grades.

The roughness or "MW of an impact-cleaned
surface is particularly important when the surface is to be
protected with modern fast-drying, high-build paints. These

often have a lower wetting power than conventional peints and

may therefore stick less well. The roughness of a surface

LS30 _be measured by the height of the peaks. Pesks are always
» ~ee footnote,page




- 42 -

covered with les: paint than valleys and they therefore begin

to rust first. Shipbuilders regard penks of 0.075 mm (0,003 ingh)
as not exceasively high for surfaces specified to b; 90 per cent
¢lean, provided that the absolute maximum peak heights are

not more than 0.1 ma (0,004 incl). 1t is better for the anchor
pattern tc be too smooth thnan LHco rougn.

Grit size is important. Rosearch by a shipowner (Shell)
into the use of blasting grits of varicus sizes for the treatment
of ehips' rusted plate has shown th:t c¢nly a very small percentage
of oversize grit (0.05 per cent by weight) will produce pocaks
vhat are much too high. 3Shot-blusted plates or sections do not
have high peaks because the sho* i3 of unifo.m size and clean,
Good practice iB therefore to shot-blast at the rolling mill.
“he results of the Shell research showed that the grit should be
scourately sized from 0.2 to 1.0 mm (0.C08 to 0.04 inch), & much
smaller size than was proviously t.ought correct,

Air pressure is important <though perhaps more to the
blasting contractor than to the owner of the steelwork, because
r drop in air pressure below 6 kg/sq cm (80 pounds/eq inch)
greatly reduces the efficiency of the blast and increases the
vime taken to clean the steel a. woell as the grit consumption per
square metre. Pressurc at the nozzle should therefore preferably
not fal. below ? k./sq on (100 pounds/sq inch) and never below
¢ kg/sq om. This meane that the pressure at the compressor
snould be at least 20 per cent more than at the noszle, possibly
50 per cent more if the compressor is far from the noszzle.

Fozgle operators should be provided with s pressure gauge to fi%
on to the hose so that they can check the actual noszle pressure,
Felow 6 kg/sq cm, blasting should be forbidden except when a

low-grade finish only is demanded,
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Blast-cleaning plant is expensive and so is grit.
Ixpensive plant of this sort deserves to be protected at least with

a shed to keep the rain off, and all blast cleaning should
be carefully planned and supervicad as the s:rious engineering

operation that it is. Accurately sized grit is wmorse expensive
per ton but more economical te nuse becsuse it clesans the steel
vetter and fzster thon badly simed grit with s high proportion
of duste.

fre-priming coats
rainting, including Priming, can Le preceded by a number of
5: rust-inhibiting or temporary protective coatings, one of
which is phosphating. +{he five types of phosphating accepted
in the UK ere described in 88 3189:1959, which gives general
detailes of treatments including those for creviced components,
Other temporary protectives aguinst corrosion are described in

the Packaging Code, B3 11%3:Section 5:1966. The 118 pages of

Section € 1list ten types of temporary protection of metal

surfaces against corrosion, divided broadly into the two classes

of films and corrosion inhibitor: . They are regarded as
"temporary" protectives becuuse they can easily be removed
from the metal. If noi removud shey should give protection
for' an indefinite length of time. Some of the film types can
be sprayed on from a pressurized container and do not interfere
with subsequent welding. Uther films are‘thick, hard and
described as strippeble becauss they can be readily torn off.
One particularly interesting type of film dries slowly and is
described as “water-displacing" because it can safely be
applied to & wet surface. io i tors

The corrosion inhibitor types are usually not films bdut
greases or oils applied by dipping or brushing or smearing,

or (for engine hydraulic systems) by circulating through the
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system to be protected. Another interesting corrosion inhibitor
(contact inhibitor) gives off a vapour which inhibits corrosion
on metal surfaces near it ir air. Such methods of pre-treating
steel or iron paris are more ap,licable to small pieces than

to the consideravly larger members found in building cr
bridge structurcs.

Contacti ianh:bitor. Leve suveral uses. They can be used
dry or discolved in water, for example in industrial or

Boiler weiler is discusced in lection 2.
domestic or autcimobile cocling syctems to prevent rust.AFn
packaging they are held undissolved on the wexed wrapping
paver in contact with the surface to be protected. Some contact
inhibitors are sodium bernzoate, sodium nitrite and sodium
carbonate for steel; soluble chromates may also be used but
thay are 3lightly poisonous and may irritate the human skin.
Some of these substances need the free access cof aT};go be
effective in preventing corrosion.

A further help in preventing the corrosion of packaged
sLoel parts is to wrap them in watertight ard preferably airtight
plestie film and to leave packets of desiccant in the film, that
will maintain the relative humidity of the air below 50 per
sent, At this »elative humidity. rusting is very slow and the
growth of moulds is also unlikely, however hot the weather may be.
Rusting in fact does not become serious until well above 60 per
cent relative humidity. The desiccants used are silica gel,
activated slumina OF some activated clayé. The amount of wa’ i»
that desiccants can absorb is usually lese than 27 per cent of
the dry weight of the desiccant. The packaging snould be as
airtight as possible so as to reduce the bulk of the desiccant
nerded to maintain a low relative humidity within the package.

For structural steelwork that has, iike a bridge, to

stand for 100 years or zo, the peinting should be preceded by
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metal coating of the steel vhether in the works by hot-dip
galvanizing or on the gite by 8praying with aluminium or zinc.
letal coatings are expensive and unlecs thick they are also
porous but thay do greatly incrense ihe protecticn given by
the paint put on the structure snd their rough surface is a
good ground for paint.

Many peints will not stick to fres: zinc, whother
galvenized or spraysd, but pretreatment primers usually
overcome this difficulty znd they also dry within a few minutes,
The original pretreatment cr etch primars, still used, consist
of a disgeraion of a zinc chrome in an alcoholic solution of
polyvinylbutyral resin; or of an alcokolic solution of
phosphoric acid. Generally the coat is thin and nust be followed
a8 soon as poscible by an ordinary primer and a full paint
3ystem. Etch primers are also used on bare blagst-cleaned asteel
to help the primer stick to the metal, and to give it some
immediate protection., Prefabrir~ation primers have a very
similar purpose, for protection during the period of fabrication.

Primer, undercoat and top coat

A conventional paint system usually hae three coats, the

primer, the undercoat and the top coat, often more than
one coat of each. The primer or priming cost is the first ooat
and is usually put on by brush unless the surf ce igs in first
class condition. Brushing pushes the primer into every crevice
of the metal and "rotects it better; ordinarily the primer is
followed at least by an undercoat to givi colour and a top
coat to give gloss. The main function of the primer is to hold
Yo the metal and to stick to the undercoat that is put on over
it. The undercoat has to provide thickness, colour, opacity

and a good ground for the top coat while filling
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small depressions in the primed surface. The finishing coat
or top coat has to stick to the undercoat and to provide

good colour and gloss, thosggkgge colour may be providcd by
the undercoat shining turough it. Usually a paint with high
gloss is relatively translucent and tne bulk of the colour
must therefore comc from the wnderenat. The gloss i 3lso
protectivae because rain flows off it easily. When the gloss
has disappecred it is usually wisc 4o plan the v-painting.

, Airlesr spravi )
An exception to tn?'rufﬁ—éé%ﬂ%£%§ush application of

primers is the airless-spray method of priming ships' hulls,

To enable the naint to fiow it is often applicd hot, ab
tenperatures from 710 to 99°C, Airless spraying is done !

at higher pressurcc and velocities than compressed-air §

~ spraying of paint. The gun throws the primer on to the metel

at high speed, ¢nabling it to penetrate the surface as it

should, Decauce there is no compressed air there is no

rebound of the paint from the surface and the work is

healthier for the painter than spraying with compressed air, f
To achieve good atomization, high pressuraes of 200 kg/sqQ w

cm are best, The nozzle bore must then be smell and

consequently the paint must be uniform and free of bits

larger than say (.1 mm. The nozzle diameter must be watched for

signs of wear., Yuite small wear and consequent increase of

nosele bore will reduce thc velocity disproportionately for the

came consumption of paint per hour end the paint also is less

well atomized. Plant for airless spraying is sxpensive, as

will be realized from the pre sures used, but for th
the me o "o ° large

areas of paint on ships' bulls ,can be profitable,
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Compatibiiity
Every paint system to be successful must be thought out as a
whole and discussed with the pPaint manufacturer or the painting
contractor. If this has been done, the protection given by any
paint system is proportional to its thickness, provided that
the steel has been shoteblasted or griéélasted and that all
the work is done to specificaticn,.

It is necessery to discﬁss the paini systen with the
paint maker because it is all-important that paints in the
same system shall be compatible with each other. Competible
paints blend perfectly and look well, Incompatible paints nay
react chemically with each other in an undesirable way, or the
upper coat may dissolve and 1ift the lower coat or may be slow
to dry. There are many possible results of incompatibility and
all are undesirable, Usually all the paints of one type from
one meker are compatible. Therefore the simplest way of
ensuring compatibility is to discusc the job with one paint
naker and to use only his paint.

Apart from the many types of pwrely decorative paint, there are
three types of protective paint epplied to metal., The first and
oldest type is oil-based paint containing linseed oil, that dries
by reacting with the oxygen in the air. Cecondly there are the
newer paints thet harden by many different chemical processes,
including many "two-pack" paints that do not react with air,
and thirdly those paints that dry wholly or mainly by the
evaporation of solvent and without chemical action,

The most intéroatinx paints for corrosion prevention
are found in the last two classes. ihe maximums thickness of
paint thet can be put on in one coat of the old oil-based
paints is about 0.025 mm (0.001 inch), which means that much
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work is needed to achieve a thick system and therefore good
protection. Specially formulated paints of chlorinated rubber can be
applied at a thickness of 0.1 mm per coat or a total thickness of
0,2 mm for two coats with primer. One such paint was successfully
epplied to damp and rusty steel sheet piling in Belfast Dock,
Northern Ireland. A minor disadvantage is that it must be applied by
airless spray because it dries by evaporation of its solvent alone.
Brushing a second coat over the first would soften and disturd the
lower coat. Some adventages of using the airless spray, apart from the
greater thickness per coat are that the method is healthier for the
painter than compressed air spraying and there is less paint lost by
rebound. The advantages of epplications of great thickness are that
labour charges are greatly reduced and the time taken to do the
painting also is smaller.

Two generzl rules for painting that are broken by this
echlorinated rubber paint are that paint should neither be put on in
dsap air (at relative humidities above 85 per cent) nor on to a damp
surface. Both these rules were broken together. The sheet piling was,
however protected during painting by scaffolding with sheets hung over
it, and warmed with propane gas warm-air heaters ineide the sheeting.
Ixcess water was wiped off the piling some hours before the paint was
epplied.

‘ Paints that allow such large thicknesses to be applied in one
coat are called high~build paints. In a choqioal works with highly
corrosive conditions, the steelwork and operating units were painted
with two coats of red lead graphite primer, followed by two coats of
epoxy resin paint, giving a total thickness of 0.25 to 0.37 ms. Epoxy
resin paints can, however, be applied by airless spray in one coat

0.37 mm thick,

Epoxy resins in the last ten years have &lso been combined with

an old material, coal-tar pitch, that can be applied in coats 0,12 mn




-d9 -

thick. Many other high-buiid paints exist and even more are
being developed, and will come into being 8s the labour costs
of painting increase still further. In Section 6., Flastics,

rome other high-build linings are described,

Application of peaint

Paints generally should never be put on at any tempercture below
e (4001') and they dry and harden better as the temperature
rises, Condensation of moisture (dew or frost) is likely at
these low temperatures and this moisture dsuages wet paint.

A Since paint dries and hardens slowly at low temperatures, its
period of wulnerability at these temperatures is long. The
danger to the paint therefore increases as the temperature

§ {211s. In any case, the maker's instructions about the method
b I zpplication should be followed.

Paint systems break down most easily at nuts, bolts, rivets,
tu;es and other projections and in crevices. The paint is always
| thinner on outer edges because it tends to form a surface that
is rounded outside. It is therefore accepted good practice to.
give an extra coat of primd ng pairt to these areas. The paint has
a vlightly different amount or type of pigmonﬁffrom the first primer
a2l so is called a stripe coat.

Because black bolts and their nuts need so much more
surface preparation and because this is dirficult t0 achieve
onte they have been fixed, they should not be used as permanent
fixings. Other types of bolt should de used, that already have
surfaces prepared for painting, for example by shersrdizing

or galvanising.
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5. PROTECTIVE COATINGS OTHER THAN PAINT
Paint is still the commonest type of protection for corrodible

metal, but although paint sales continue to rise, other methods
of protection are also gaining in iwportance. lMelals can be
protected by coating them with plaztics or obther metals.
Electroplating has been in use for reny years bdubt it is a feactory
process and it is only eince abcut 1520 that an outside process,
metal spraying, hss beer availsaci. [.. use on building sites, in
shipyards and aleswhere in the open cir

In plating, th2 retasl toe by prohceted is submerged in a
solution of ¢ salt of trhe motil Co te uzed for coating. An
eledfric current is passed througa tle solution which is therefore
called an elsctrolyto. ie curreat enters and leaves the‘solution
by two plates culled oelecircder, Ore of thaeso, the anode, losos
wetal into the salt solution, the other, the cathode is the object
to he plated und accuirer ¢ corresponding amount of metal from the
solution, brougini by tho electriz currcnt. Cathode and anode huve
the came scnse as 0u P. 15 alectrochemishry.

Plating 1e rot practicable on a buvilding site, partly
B aceued of the larse size of th: vats to contain the electrolyte,
the cleanl)iness neadrd and go . Other techniques for aprlying
proteetive coatinrs incluce many mothods of phosphating, some of
~which may be avplied outside the factory. Iosphating is a
treatment usually 4in a hot zolution of phosphoric ecid with
wotal phosphates, slightly etcing the metal surface and forming
a rust-inhibiting coat on it. It 15 a pretreatment and inhibiting
coct and must be folilowed Ly a full paint system including primer.
Ponderizing, Ccslettizine, Jenonlizing, Parkerizing and
Walterizing sre all pnosphating mothods.

Metal coating includes meny procassas, some of which ere

bocoming incr:2asingly important. The oldest method, invented more

tban 200 years ago in France bul now in full commercisl




use for at least a century, involves dipping iron or steel in
rolten zinc. Although called hot-dip galvanizing, there is
r-thing galvanic about the process and the name is misleading.
il process by which it protects t'.e stecl is, however, galvanie,
and is explained in Section ». Of tha other important metal-
cooting processec, metal spraying can be done anywhere, but
electroless plating (chemical plating) and 9lectroplating are
factory processes.

Another factory process for zinc coating is sherardizing,
tumbling small articles in a heated barrel with zinc dust.
Galvaniging is suitable for» large or small articles
but steel girders may ofter. be too large. In sherardizing, the
zinc forms an alloy with thi iron and is not a mere coating

In galvanizing, the zinc is usually a mere skin,
orily sometimes alloyed with the iron.

Metallizing or metal spraying has been developed mainly
fer spraying zinc or aluminium but other metals can be sprayed,
including nickel, chromium, copper, cadmium, tin or their

alloys. Any metal coating protects the underlying surface if
it completely envelopes it. Since sprayed metal is rough,

it does not completely seal the underlying surface until the
thickness is about 0.075 mm (0.003 inch). This is also a
common thickness for hot-dip galvanizing. Even when they sre
worn through, coatings of zinc, aluminium or cadmium continue
to protect iron or steel by acting as anodes and dissolving in
preference to the iron. Galvanizing is generally the most
sconomical way of metal coating and is therefore usual for

low-cost articles with a short 1ife, such as motor-car parts.
In specifying a metal coating it is important to state

the thicikness of the metal conting required and whether the surface
is to be ground and polished after application. Grinding
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and polishing will greatly improve thoe finish but will also
make it uore expensive though a gloss on the paint will
be obtained more easily. The ungreund, rough sprayed metal

is however a good base for paint.

Tinplate and terne plate
In many ways the most interecsting of all metal coatings is tin.

It can be applied like zinc, not only by dipping in the molten
l:pll (hot tinning) or by electroplating or metal spraying, bdbut
also by the tinsmith's and plumber's method of wiping. Peeling or
scaling of the coating is practically unknown. Because tin is a
valuable metal there is a tendency to redu:e the thickness of the
coating on tinplate below the smallest thickness possible with
bhot tinning. The thinnest coatings are not applied by hot tinning
but electrolytically. Althoggh the first commercial electrolytic
tinning line was built as recently as 1937, 70 per cent of the
world's tinplate is now made by electroplating and only 30 per
eent by hot tinning.

Terne plate is leas decorative than tinplate but has
excellent corrosion resistance. It is steel cheet coated with an
slloy that is mainly lead, with about 10 per cent tin to meke it
stick to the steel. It has wide industrial uses in roofing sheet,
automobile petrol tanks and so on.

The steel in modern tinplate can be exceedingly thin. A
common thickness for the steel in the modern food can is 0,12 mm
or 0,005 inch, Previous to about 1950 the thinnest sheet was
0.25 mm or 0,01 inch.

Tinplate is a surprising material. It would not be
expected to contain food without serious corrosion because the tin
coating is so porous and thin (often 0.0004 mm or 0,000015 inch)
that a piece of tinplate left in the rain will rust immediately.

Tin also is more noble than iron and cannot be expected to protect
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it sacrificially in the way that zine protects iron. Luckily

this relationship is reversed by the juices of many canned foods

s0 that iron then becomes more noblec than tin and can be protected
by it, Rusting also is made unlikely by the absence of oxygen in

the can and by the fact that many modern food cans are lacquered

inside.

gpicggesgos of metal coatings

For severe outdoor conditions in an industrial area or at the

seaside, eritical loadbearing steelwork should he protected with
at least 0.06 mm (0,0025 inch thickness or 1.5 ounce/sq ft) of
galvanizing or sprayed zinc, covered with two coats of paint.

Sherardizing is typically for small articles but they can
be up to 6 m (20 ft) long, provided that they fit conveniently into
the standard box which is 40 em (16 inches) square, Sherardiszing
is well suited to the coating of screw threads, since its thickness
can be more closely controlled than thot of galvanizing. The
minimum thickness of sherardizing is from 0,007 mm (0,0003 inoh)
to 0.05 mm (0.002 inch) for parts subject to heavy corrosion,

Several British Standards use a coding for the thickness of
metal coatings that is worth exnlaining, Thus Ni123 indicates a
thickness of 0.0012 inch (0,03 mm) of nickel on steel, a plating
suitable for car bumpers and bhud caps. Ni4S with only 0,0004 inch
(0.07 mm) of nickel on steel is more suitable for indoor uses,
BS 1872:19644doall with electroplated deposits of tin of five
different thicknesscs from 0.005 mm (0,0002 inch) to 0.0% am
(0.0072 inch) on 4iren, steel, nickel alloys, copper and copper
alloys.

Bmall sorews and their threads present a special diffioculty
in plating. The clearance between corresponding points of the male

ﬁand female thread is only about 0,025 mm (0.001 inch). The

BS = British Standard. The numbers before the colon are the
distinguishing number of the publication., The numbers after the
colon are the date of its appearance.
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corresponding permissible thickness of
ccating, however, muest be even less, 0.005 mm (0.0002 inch)
beceuse of pluting tolerance and the slope of the thread.
Greater thicknesses than these are liable to prevent the screw
passing in to the nut. If it is forced in, the coating will
bc stripped.
Chemical plating

Meny chemical or "electroless" plating processes have been
patonted for depnsiting nickel or copper on metal to prevent
corrosion,: on plastics for decoration and for
eloctronic circuitry. No electric cubrent is used and no
olectrodes.

In one electroless nickel plating method, the nickel
is doposited chemically from solution on to the steel, producing
e rickel plate of high quality used on cars, that is much more
unilorm than electroplated stesl. A disadvantage of some
cluctroplates is that areas remote from the anode receive less metal
than areas neer it. Lkven on objects with intricate contours, the
¢lectroless plating . thiockness does not vary by more than plus
or minus 15 per cent. The metals that can be protected by

nlectroleas plating include ste-l, cast idon, aluminium,

copper, titanium amd »lloys of these metals, as well as many

non-metallic surfaces. The composition of the plate, which
might be described as a nickel phosphide, is some 92 per cent
nickel and 8 per cent phosphorus. The adhesion to the protected
metal is good and the plate is hard and corrosion-resistant.
The deposit thickness can reach 0.125 mm (0.005 inch) but is
ucually less because the plating rate igiggout 0.025 nm per
hour., The minimum thickness is 0.008 mm (0.0003 inch).
Engineering parts coated with this electroless nickel
plate include piston rods, crankshafts, valve inserts, and

pump parts. It is also uaed for applications where iron would




- 55 -

contaminate a chemical or a food, for example in dough treys,

reaction vessels, petrol tanks, tank wWageons, screw conveyors

and 8o on,

Chromizing
¢hromizing, sometimes called chromium diffusion, is a heat treatment

that puts a layer rich in chromium on the surface of iron, steel and

some other metale. The layer resiste weapr and corrosion
st high or low temperatures . Since the chromium

has to penetrate the surface of the steel, large thicknesses

of chromizing are impossible, the usual economic limit is Je 05 mm
(U.002 inch) and the absolute limit almost double this thickness.
The resistonce to corrosion in tap water or air or many mild
chemicals including salt water is gond but for any stronger
chemicals it is best to use the special "chromizing" S8teels.

In mild steels the chromized layer is not very hard but on
high-carbon steels it is excellent and enables +he 3teel to

be used for such heavy duties as gear whecls.

Chromium plate__and hsrd plate

Unlike chromizing which is a heat treatment, chromium plate is
an electroplate or rather two electroplates, somotimes three,
To ensure that the chromium sticks to the metal below it,
nickel is first plated over the steel, and sometimes a layer
of copper is placed over or under the nickel. Somewhere in
this sandwich there must be a polished surface, and it 1is

usually easiest to polish the ecopper or the nickel because
they are soft., Chromium cannot be polished because it i3 too

hard, The chromium thickneses is only 0.00025 mm (0,00001 inch),
the nickel and the coprper are both about 0.025 mm (0.001 inch)

thick, Chromium plate is thin and decorative, not to be confused
with hard plating or hard chromium plate vhich is much thicker,
deposited direct on the steel and not decorative but very

resistant to wear and corrosion-resistant.










Ancdising
Anodizing =% a process for protecting aluminium that is so
well known and so often uced Ghat it is worth deseribing
briefly. The aluminium srticle is n.de the anode in an acid
bath apd oxyesn, as would pe expected, ic liberated arouna
14£ocause of the slectrolysis. ‘he aluminium ie oxidized,
the oxide film beceming Luickar at the rate of G.007 mm in
% winutes. ror sxterior architeotural work irn Bridtain the

ususl thickness required is (,02% um (CeOU1 inch) and tor

trim on cars about GL.0C% to Q.008 mn. “he oxide film, after

1t has beon fcrmed in the acid bath,is still soft, go the

erticle is reawoved snd im-ersed in boiling wabter. The operation
is known as sealing and is a hardeniung and strengthening process
for the oxide film. i'rom the viewpoint of corrosion protection
¥ 18 a5 important as the scid bath and the water must be vory
pure, Sometimas stesm at 100°C ie vsed instead of water. The
minimum time recuirea for sealing is 4 ninutes per 0.007 mm.

Corcrete flcors

——

The binder im o3t modern concretes is roriland cement because
this is vcually thoe lowest i.. cost and the mout oasily availablo,
1t always contains a propurtion of free iima, Ca(on)e. Also
called slaked lime, this is an alkaly and its elkalinity
snables the cement to pretect iron and steel from rust, It is
therefore worth remembering that its cost ie around 25 dollars per
ton. Paint is wmuch more expensive, &5 dollars will buy only
about 5 gallons. Dut the disadvantage of concrete made with
this cement is that it is relatively easily atiacked by acids.
There are two ways of protecting a concrete floor
against acids, by giving it a slepe, aud by using acide

resistant material. Whatever the™8erial. . o o ote must

be gelf-draining, pools of liquid must never form orn the floor.




- 5( =
This means that the mininum allowabdble slope over the whole
wetted area of floor should be 2 per cemt. io prevent’
poading in small areas, the lowest spot under » ‘e Smetre
long straight edge should not be morce thar 5 mm below the
euge. For the more corrnsive chemicals, the floor =hould
slope more steeply. it slopes e.ther toward- g tronch in
the concretae, that csn be covered with a metal frating, or
into a ecentral drain

If the chemicals are not Yos strong, the conerete may
reed no special conting and the slope alone will bo eunough
1o prevent the concreto being attacked. ‘ihis i~ particularly
true if care has been taken to make ordinary good concrete
that is not porous. This can bo aclhieved by puying o little
extra for the concrete and ordering the contractor to make

crushing
concrete with a minimum 'ladayAstronguh (on 15¢m cubes) of
about 400 kg/sq cm (5500 pounds/sq inch). This i a relatively
high-strength concrete bus strength in concrete is achieved by
eliminating porosity and this low porosity is required for
good corrosion resistance. lor a concrete which depends for
its acid resistonce on » speeial. surfacing, cuch strength
might be umnecessary an? about 2C0 k/s5 cw might be
adequate.

For a higher acid rosistance then is obtainable with
good concrete made from ordinary Portland cement, cne of the
nore expensive cements can be useod, Rapid'-nardening cement
costs about 10 per cent more than ordinary Portland, but is
chenmically the .same cement, ground more finely. Sulphate-

resisting cement ics a little more expensive arein, and high-
. alumina cement cocts about three times as nuch as ordinary

Portland. It is best.to obtein specialict's advice on these

matters but to {find out for onoself tie prices o tne local

materials beforehand. Plastic-coated ’'loors are discussed in

BSection 6.
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Expansion joints, also called shrinkage Jjoints, should
be placed at ropular inteovials L. e councoete Dloors, at loast
overy: G metros in loug runs of fleez, aud ~)! round the edges.,

inasy

They should be at A G oea wida, “he lisints ensurs that tho

unaveidat le shrincar . of the cone-ete takzs wlones alons

3 rredateriiroed lines, ans 1o tnus not ursimatly ner druzerous

to the flour,

Ovher points to ve remombore:! in o butlding 1 concrete

{loors ave: meual nipes passing vhrougn o ficor «hould do so

; in a slecve (anciicr mive in whioen tasy 1l doos2ly | whiel does

not corrode), The tops of ceneretn foundation viers ~houla bo

tireated wvith o send-seent Lorving to slope Lhe concrete away

from che steciwork, 1t is somotimes peesitle iiow te desigp the

floor 89 that soms of the shrirnkagpe joints run alung the line of

thie drain trenchus, LGynthetic ~ubuer mzvert ils for raking the

Joints can take up the aovement and 1ocist the acid witnout

burstine, ihe movement, will in any case be small if the joints

are siaced at no more Yhan & mebLrern,

i It sli the Jeints eon e fi.ted into drain tronches, this

eliminates the pnrobim of Joint: pnassing throuph the sroa of

) e... . . - . e
the flocr th-t has s “{inisned' surface. fhe rubber jointing

material suonld prevent ieakoge througn th> bottom of the drain

troncn.

3

It is fair %o say that Lare concreote rosists ne aeids

&

but muny alkalis, vhoumh its life wil! he v¢ry nuch longer in

1

y aeid cenditions if iv is wel! mude and well cloped. Epoxy and

E?

4 polyester floors mesint boll: seids aad alkalis and are discussed

with other syuthatic matzrials i Sechicn €&y Plasticn, Asphalt

flo ring and polyestaer floriang are nol recouizended to withstand

golvents or mineral »ile, Jixes, Yricks and bare ccuerete are

ali unois., plasiics relabivaly Luier,
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Concrete as a corrosion preventive

For civil engineering work, concrove iz often used to protect
ateel from the earth,tine 3ca cr vhe westher. It hog alsc baeen
successful a5 & lining 25 mm thick (1 igeh) inzidn ateol
water pipes. In tnese vzos b profticctc the nmetgl nainly apgainct
knocks or anr.sion sines it stiels well to bare stenl, Gener 'liy
the underlying ~etai i+ bare fna the concreté by itr alkalinity
acts alro as a corrosion proventive. it iz suibable in
massive tructures where itc weight is no disadvantape and the
inpact= or corrosion-resistance are also needed, ac in Jettias.
Ine steel should gener2lly be covered with at loasct 7.5 cm
(5 inches) of concrete. This is a considerable expense, not
only in concrete but also in formwork and seconaury reinforcement,
and it also has the disadvuntage that a stanchion bocomes
15 em thicker or a baam becomoes 15 cm wider, so it is not
always cheap. Lut urder *his adequate cover, corrosion
failures in steel ar: rare,.

Guniting (boncrete spraying or Cement gunning)ia
a methud of shooting sand and cenent mortar through a
compre::sed-air operaled guii on Lo a4 surface that needs
protection. It is comionly useu to repurr bridges from which
the concrete cover has beon knocked off o to thicksn a concrete
cover that is inadequate. For this purpose the cement gun
i8 irreplaceable. It doos maintenance work that can bs done in
no othur way. Because the mortar is gunned on, it can be
applied to vertical face: or under carfaces withcoub difficu(fy.
The high pressure of the gun has another advantage. 1t produces
a dense, strong concreto that hard s quickly iecausc it is

thrown on at a low water content. 7This also enables a high

vhickness to be achieved at each T 128,
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Another com:on ure of the ceme.t gun that may ocomelimes
help the maintenance enginoer 1ic to shoot asbestos mixed with
cement and waler onto steelwork inside a tuilding so as to
increase its fire resistunce when tne buildines contains
much material that w.ll hurn., Like ali sonecrebes and ali gunites,
this protects the steel from corrosion becanse of Lha alkalinity

of the leortland cement. Its fire recictance comes from the

Lact thgt it provides a thermally insulating coatiny on the
steel. but sprayed asbestos, thourl an excel’ent material in
many ways,is not crneag

Any cement materials gunned on %o sheel must be hold
on to it by light reinforcement. Usually chicken wire isg used,
1ight steel wire netting with a mesh of about 5 cm (2 inches)
square. This must be wired on to the motsl  hafore gunning
starts.

Apti-corrosion tapes

Anti-gorrosion tapes (wraprings) have becn i use since the
early 1930s in severely corrosivo condiiions where lighter
coatings of paint or metal have been round inadequate, or for
protecting metnl in an inuccessible posi.ion wiere repainting
is not possille and a life of at losast 20 years is nreded. The
tape is wrapred rcund pipes, stanchions, beams or other motal,
overlapping ond leaving nc metal exposed. Tapes are not
beautiful but they are immediately effective, unlike paint
which needs time to dxy and ceannnt be put »n in any weather,
Their chief use nowadays is o protect buried pipes, and for
the effective protection thet they give they are not expensive.
Moet tanes have a tertile bass, coobted with an adhesive,

but polyetnylene and V€ 31wt are also now being

used. “he textile ic usuall wover cot'i:ons juce)' nylon
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or glass fibre. If glass-fibre felt or tissue is used it is

gonera .1y bucked with a sLrenpsinener. She coating iz often a soft
prease  sueh as petroleum jeily or wonl gresse or a soft forr of
oxidized vitumen or coal tar piteh, though there Fenerclly neod

Lo be heated bafore application. ‘he coatin: can also be a

natwral or synthetic rubber op resin., The t-pe also carries fillern
and corrosion inhibitors such as chromates, pnosrvhates and

tanrine as well as stabilizers and anti-oxidant: if it contains
rulber materials. The bituminous types are gonerally used only

to resist high temperature:,

Groase~couted cotton Lapes are tne ensicst to avply since
they cun easily be wrapped round awkward surface: such as bolt
heuds, rivets, pipe couplings and 50 on,  Fituminouseconted tapes
need to be hested with a bdlow lamp before application; grease-
coated tapes hsve the rdvantage of no fire risgk since they can
be put on cold.

“f the object tc be protected ie wet it 'will neod first to
be dried either by applying i wober-displacing conposition or by
Some othor means co as +n maxe sure thot the tope is in contuct
with the whole area. If the pipe ic to Le buried it may be
necessary to protect the tape, ecpsecially a graasei cotton tape
with a tougher ouvter wrap.

Anti-corrosion tapes generaily should be chemically inert
end skould resist acids and alkalis, svil, seswater and atmospheric
pollution. Petroleum jelly fuliils these requirements best.
Litumen and coal-tur pitel: are often 51lirhitly aci< and they have
the further diszadvantuyic that the; are liable to -rack. An
exception to the rule ubout chemical ineriness in tapes is that
they contairn corrosion inhibitorc o> orn alkaii such as lime.

The purpose of including tanuin ir the tape is to kiil the sulphate-

reducing bacteria which are believed to be the main cause of
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corrosion of buried iron or steetl pipe ir vritein, tuough it
is not yet rreved th-t tannin has this effacty,

Botii gresca-coaroq vanes and bituminong tiaves have
an indefinitel lony stor-y rife in any climate, except that
bituminous taper -ust not be allowed to war: uwn axcenrcively
or they will evick vopether, imes with rubuep content should
zeneraliyv be used within ¢ to I monthe of manul clure,

lape is uot always the cheapest coating but its lenpg-toerm
protcction may moke it worth whiles 1er buriea sipelines
one ziteenative is to ocbrly a hot bituminous couting in the
factory and to coat {he Joints on vite witi eilther tane or
hot bitumen. Ainother PossSibility for a continuously welded
Pipe is to a.nly hot vitumen on the usite before burial,
ractory-aoonlied coutinge are rasily damnred .n transit and
site-apnlied 2ontlapa are difricullt to aptly vnerflectly, Lut
site-wrapned, cold=arolied tave can cover tha pipe without
leaving, any rotal cxpose., It in noncorducting and, combined

with cathodic protection will reduce the power demond, and nay

ansure many years of trouble-Iree operation,
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6. PLASTICS

Reactors and other chemical plant made of plastics alone
will not be discnussed in this paper Lecause almost any shape
and size of corrosion-resistant duct or vessel known to
chenical ongineering cui be made by plastics f.bricatora,
ineluding chimneys, fractionating towsr: and Lh. Z5(-metre
long hose mentioned in the next per: - raph. Stationary
pPipework made of plastics is now so well established that
most of the hundreds of miles of pipe instailed yearly in
the UBA for transmitting natural gas ure made of plastics

_ Plastics manufacturers are generally
well enough organized to send the inquiring maintenance
engineer ss much printed material as he needs about
chesical plant mede of their materials, particularly since
most unita are mude as one-off or small-batch jobs,

A (erman company, Vredestein, can serve as an exomple
for the uniqueness of msny plastics installations in chemical
plants. In 1968 Vredestein claimed to have installed the
largest rubber hose in the world. Of butyl rubber built
on to nylon fabric, it wes 19 om (7.5 inches) in diemeter
and 350 metres long. A company in the north of Holland had
found that its underwater pipeline was tooc severely corroded
to discharge its usual load of waste chemicals at 70°C. The
pipe was first cleaned of deposits by phlling 8 go-devil
through it. The hose was then pulled into the pipeline
flat and afterwards inflated. Insertion of the pipsline, it
vas claimed, took only 90 minutes,

A gensral introduction to linings and coatings will
be more useful to the maintenance enginesr than a discuscion
of chemiocal plant. In the two next heodings, coatings are

regarded for convenience as being thinner than 0,5 mn
(0.02 inch) eand linings as thicker.
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Plastic cortines (thinner than OsF_ram)
. coabing

Genurally, plactics are not mt on at thicknesses leose  than
about 0,15 mm which ig the Aacinen £ar rany conventiinal paints,
Plastic zoutings con be aprlied to conercte a~ well as to metal
and are usually resistant to continucus in .ereion in nay chemicels,
being more corrosion resiistant than convention: paints. The
best propertics are obtainzd by h.a. trestument. The hardness ¢an
be anything between glas:-hard and rubbory. The thermal and
electricul insulation are usually good but electrically
conductive coatings can be innde by incorpor-ting conducting
filler materiul. Iepairas ere often posaible on ths site. —

The coatings that nre paint-like are bacst arrlied at
temperature: above 20°C, Some of then should for best results
be stoved at 150 to 200°C, but novertheless [ew of tham can
be uscd at temperatures above 90°%¢ and this is one serious
drawback of plastics. Their coat i: algoe fairly high but this
would not be a sericus druwback if vhey had all the desirsble
propertiec,
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The surface preparation of mild stecl for a nlastie coating
is very similar to that for receiving ordinary paint, possibly
rather more rigorous because the chericals contained are stronger
than those usually left in cortact with paint, The steel must be
di?renaod with a solvent thut is then removed by heating, and the
eurface is cleaned by grit blesting. it should be remenbered that
the avsolute minimum thicknes: of steel that can be srit blasted
is about 0.5 mm and this is only possible with motal of the
highest quality. Duct is removed after grit blasting and the
coating is applied as 3oon as possible but always within four
hours. After the costing has bean applied it is tested for
thickness by thickness metoer and any deficiencigs are made good
by additionsl coate where needed. To achieve a good gloss, the
last one or two coats aro usually not pigmented. Stoving may be
done botween coatings,

Continuity can bao teated by some elnactrical method to
ensure that there are no pinholes in the coating. !iost plastic
coatings are excellent insulators so the design of such a testing
method, at le.st for a coating over metal, is rot difficult.
Coatings which contein conducting material suech as carbon bdblack,
like noopfene, cannot be tested in this way. High-frequency
alternating current spark testers are not suitable because the
spark may puncture a thin coating. For tie thinnest coatings a
direct current voltage of some 10 to 30 volts can be used,
with a sponge as a probe, soaked in brine with a wetting agent.
Bt:l.nc is not always very penetrsting and it may not enter the

pinholes , A mofc severe test is a high-voltage direct-
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current tester with variable voltage from O to 5000 volts.

For coatings about O..2 mm thick, a voltage of some 2000

volts has been found suitable. S0 as to make the overall

testing casy and repid, the probe should be ghaped to the
contour of the vessel.

Bocause plustie coatings have to be stoved, there is
a limiting size to the articles to be coated, which
must be small enough Lo entar the oven. With coating materials
like polyurethane, however, that do not need stoving, objects
of any size can be coated. Polyurethane has good resistance to
e@:ids and alkalis from pH2 to pli13 as well as to solvents, o0ils
crd fuels. In hot water the highest continuous vorking temperature
is about 50°C but higher temperatures can be toleruted for a
short time,

feactory-made

Pﬂasticncoatmdﬁfhoot metal (steel or aluminium)
which began to be produced around 1960, is interesting. In
Britain the sheet dimensions are about 1.2m meximum width, with
& coating on one or both sides, from 0.1 to O.4 mm thick. Some
attractive colours are available. Uiion the steel sheet is
coated on one side only, a number of fabricaticn operations
are possible, including deep drawing several centimetres deep, .
bending, drilling, sawing, punching, shearing and roll forming,
and welding after removal of some of the coating. The operations
other than welding do not affect the plaspic coating,
Corrosion in the drilled holes ¢an be prevented by the use of
plastics.coated bolts with plastic washers or stainless steel
bolts or completely plastic fastoners. The coating ordinarily
is polyvinyl chloride (PVC). Some applications of plastice
coated shoet include partitiuning in factories in corrosive
environments, and the manufacture of refrigerators or laboratery’
furniture. Some further details about coatings are givea
Jater, under "Rubber linings”,
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Plastic 1ininge (thicker than 05 mm)

Plastic linings can be a plied in the iorm of sheet, using
adhesives to fix them on to the metal or other material to
be protected, and joining the sheets together as neoded,
Cther methods of applyinr, linines are; divring followad by
heat treatment, flame spreying, tluidized sintering, and finally
the methods of painting, Ly spray or brusn. the thickest linings
are probably about 10 mm thick, anything thicker is probably
called a mortar, or if horizontal, a screed or topping,
especially when laid over a comcrete floor.
liila steel and concrete are the materials most commonly
protected, occasionally nonferrous metals. .is usual, careful
surface preparation is needed and the surface should be
protected as soon as it has been cleaned. Steel articles to be
1ined should be strong enough not to distort under load. The
steel should be smooth, with no rivets or bolts; welded
construction is essontial and welds must be without porosity
and ground smooth. Internal angles must be radiused or chamfered
to make them less sharp. All re-entrant corners must be
avoided. Concrete surfaces also must be smooth. Projecting
fins should be ground flat and holes . should be filled with
coment mortar. Alternatively, a rubber latex-cement mortar
soreed or plaster can be applied to the concrete as a backing
to the lining. The minimum radius of corners should be 1.5 om.
Brickyork, before coating with plastics should first be |
plastered or screeded with sani-cement or latex~cement moxrtar.
Many of the commoner plastics are available in sheet
from1.5 mm to 6 mm thick but some of these cannot be made to
‘stiek to other materisls. The polyethylenes, unplasticised VG
and polypropylene can, however, be made to stick by laminating
| them to a backing sheet that will

. S T
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adhere, though this is more expensive. For instance
unplasticised PVC has been laminated to Plasticised PVC
that adheres well,

After they have been blast cleaned, steel tanks are
primed with an adhesive Primer and then with the adhesive

itself. The lining may, if it needs protection from knocks
and abrasion, be itself lined with a course of brickwork, as
in hot-acid pickling tanxsdfogxg %gf h
ubbe. in
The synthetic rubbers are materials of specisl intereat. There
are several types, including neoprenes, butyls, nitrile rubbers,
polyisobutylenes, Thiokols, and chlorosulphonated polyethylene,
known as Hypalon. iiost of them have good chemical resistance
but for eash application there is likely to be one that is
the best.
Neoprepe though not highly corrosion resistund, recists seawater
and mineral oils and sbrasion. It can be applied cold in
thicknesses up to 3> mm by brushing, spraying or dipping. The
corrosion resistance can be heightened by a top coat of Hypalon
which also is obtainable in pleasant colours.
Rylop coatings also can be thick, up to & ma (minimum 0.2 ma)
and have good chemical resistance except to mineral acids.
Their resistence to solvents makes them useful in dosro-ping
units. The great thickness possible with nylon lininsa enables
thea to be placed over rough castings and this eliminates the
cost of fettling the casting.

£VC coatings can be applied thickly by dipping. PVC is resiliems

and not so expensive as most plastics though perhaps more

diffioult to apply than some of the expensive ones. Sprayed PVC

can be put on as a coating in thicknesses from 0.017 nm
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Polyethylene (polythene) is the most easily applied of all
plastic coatings and is highly corrosion resistant. Coatings
are applied as powders by spraying or dipning. Of the two
grades available, high-density and low=-density, the high=-
density polyehtylene has the higher melting point,is tougher,

less decorative and sticks vetter to metal than tno}low-domity

material. By fluidized sintering, couting thicknecses can be
obtained between 0.25 mu and %.1 mm thick.
Eg;;tﬁ;glgogoetm;ong. (PT?E! though costly, is one of the
most interesting plastics now in production,because of its
great variety of oxcmllontt hg‘r.oporties. Unfortunately coatings
sade of PTFE are perous andAuulou for most anti-corrosion
purposes, It has & very low coefficient of friction, is
non-wetting and resistant to nesrly all cheamicals and its
properties remain unaffected over the wide range of — 80°C
to ¢ 250°C. It can be applied in coatings between 0.012 ma
and 0.15 mm (0.0005 inch to 0,006 inch).
Felytrifivoromonochloroethylene (PTFCE) forms a completely
non-porous, corrosion-resistant coating in thicknesses froa
0.1 mu to 0,3 mm (0,004 to 0.012 inch) built up by spraying
in thicknesses of 0,025 mm (0.0017 inch) at a time. Its
chemical resistance is not so good as that of PTFE but being
non-porous it is stronger and more useful for resisting
corrosion. Grest care is needed in péopgring the surface of the
metal to de protected; corners must be radiused, welds must de
ground down and pores filled with metal. The expense of the
aurface preparation limits its use to applicstions where

high corresisa resistance is essential.
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Apers from the usunal methods of applying paint, by spray, brush
or roller, there are other ways of apilying plastic linings,
using fluidised sintering and flame spraying. |
In fluidised sintering, the hot object is diped in a fluidised
bed of coocl powdar of the plastic coatin~ or lining. Tho obJoct
is heated to a temperature above the softeninr point of the
plastic and the dipping thus produces a fairly uniform coating
vhich is later stoved to fuse it smooth. A fluidized bed is s
layer of powder that i3 blown upwards at a rate high enough to
keep 1t.boiling' but not so high that powder is. blown away. It
is used bdecause its resistance Lo the entry of an object to be
dipped is low., A disadvantage of the mecthod is that the thickness
of the coating depends on the heat capacity of tho metal and
therefore on its thickness, Thicker metal receives more plastic
than thin metal,

Flame spraying is a job at which at least two men must
work together. It is a little more risky than fluidized
sintering , so far as the burning of the plastic is concerned, .
but it can be used for lining objects that are too large for
fluidised sintering. The first man preheats the metal surface
with s ges flame and the second man follows, applying the plastic
by fleme spraying. A final heasting by flame is needed to fuse
the plastic into a homogeneous lining.

i (-] (-]
The latex or synthetic resin or synthetic rubber screeds or
toppings over floors are known as monolithic surfacings and
were first used in the USA in the early 1950s. These synthetic
resin cements are used to form mortars in somewhat the same way
as Portland cement with the important exception that the mix

cannot be made sloppier and weaker by adding water. The cements
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include epoxide, furane, rhenoclic, polyeggggighd cashew=-nut
shell liquid (CNSL). Usually there are two mair components,
the resin, a syrupy fluid to which the acceleritor hardener or

a watery fluid,
catalyst)Als added when the cement is to be used. .. third
component, a filler is also providad, that l'uifils the
function of the sand in & cement mortar. his filler may be
conteined in the accelerator. One dicficulty in using these
coments is that their hardening rate depends on temperature
to & much greater degroe thon that of lortlsnd cement. It
may be that in summer the cement will have to be mixed in spall
batches that do not harden before they arse placod. However,
usually in winter large batches c¢nn be mixed.
As with Portlund cement mortars the mix ratio of cement to
filler varies from 1:1.5 to 1:4 by weight.

The cements are provided for the marret either in two-can

or three-can packages, which after mixing form the mortar.

The mortar is used for jointing brickwork or for bedding and

Jointing floor tiles or chamnel blocks. he cements have good

eorrosion resistance but the ceramic blocks are even more

corrosion resistant, and it is therefcre best t¢ make the

Joints es thin as possible. The chemicals which severely atteack
ceramic blocks are tho strong ones, hydrofluoric acid and

strong caustic alkalis. There is no difficulty in explaining

to the bricklayer that the joints should be thin but it is not
alwvays easy to get him to make thin jcints. In good quality

work, Jjoints are as thin as possible but this takes more time
than with thick joints. Therefore the joint thickness should

Ys worked out beforehand bearing in mind the unevenness of the
blocks and it should be stated before work starts. It is usually

best for such work to be done by a specialist contractor.
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Boreeds (horizontal layers of riorter) of synthetic resin
cements are made of similur materials to the mortar but with
a slightly courser filler (ag-regate) and are aonplied in
thicknesses of 3 tc¢ 10 mm. 4 fortland cement mortar screed is
much thicker, at leact 50 mm. Such grc.t thicknesses are not
poscible with synthetic resins because of tieir high cost,
Wherc eoxtra thickness is required it is provided in the dase
conerete that is much lesr aexnensive. mpoxy resins  adhere well
to ordinary concretc.

In workshops where the floor is liable to be often
flooded with corrosive liquid it is necessory to provide a
complete tanking, rising some 15 or 30 ¢ up the walls all
round. The tanking may consist of ecid-resinting asphalt or sush
sheet matcrials as polyisobutylene, plasticised PVC or a
synthetic rubber. The membrane uscd for tanking must be
continuous and the sheets must be either Joined by adhesives
or weldad by hot-gus welding or by some other method.

Cost of corrosion-resisting floors (early 1 b )
Conventional red quarry tile floors 18 mu thick with Portlend
cement mortar joints cost 14 dollars/sq metre and with opoxy=
polyamine joints about 22.5 dollars. ngine~ring brick floors are
correspondingly thicker and uore expensive.

Witn chlorinated rubber or epoxy resin or urethane,

a floor coating costs frox 4 to 12.5 dollars/sq metre,

with thicknesses from 0,12 mn for chloridated rubber to 3 mm
for polyurethane. Asphalt flooring 43 mm thick costs around 12,8
dollars/sq metre, latex 6 mm thick about 18.5 dollars, and

epoxy-polyamine or polyester with glass reinforcement, 3 mm
thick, costs about 22 dollars/sq metre.
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7. FASTLNLRS
In this section we shall discuss some materials for bolts, nuts,
screwe and so on, a8 well as appropricte methods of using them. Bolts
and nuts, being the commonast enginecring fastener, are of the
greatest interest. What is true of them i~ often true of other
fasteners, such as rivets, anliy nine or window latches,

Fasteners cost more in labour to put in than to buy. All those
named here are low in first cost but their plécing is important for
the gructure and can bYe expensive. Unfortunately most bolts are made
of easily corrodible steel and they sre often vlaced in situations
where they attract water by capillary action and are more
likely to corrode than the rest of the structure, Boatbuilders have
recogniged these facts for many years. Corrosion-resistant fasteners
of every type are therefore in regular use on boats and ships. Other
users are only just beginning to understand what boatbuilders have
always known,

If fasteners cost more to put in than to buy, it is obviously
even more costly to roplace them. Therefore where corrosion is likely
and the structure is planned to last for a number of Yyears, it is

advisable to use corrosion-resistant fasteners.

Relative costs of bolts of different materials

.I% is intereating to know the relative coste of bolts of the same

sise, made of different matorials. Applied to an uncoated carbon
steel bolt, the extra costs of protective coétings are: hot-dip
galvanizing 13 per cent, sherardizing 17 per cent, heavy zine
electroplating 30 per cent, cadmium plating 40 per cent. An

18-8 stainless steel bolt costs from three to five times as

much as the plain carbon steel. In spite of this heavy extra
cost there are many places vhere stainless steel
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alone is suitable. An even better steel for specially corrosive
situations is the 18-10-%, with 3 per cent molybdenum. Near
British power stations burning pulverized coal, where the fine
ash falls on the roof, stainless steecl hook bolts are now
used for holding roofing sheets dowrn to the purlins. Ordinary
mild steel bolts were found to corrode too quickly. For
bolting precast concrete units together, one material that
does not make unsightly rust warks on the concrete is
stainless steel. Silicon bronse and aluminium bronze have also
been used but they are less readily available than stainless
steel.

Austenitic stainless steol self-tapping screws, whether
18-8 or 18-40b3 are usually not hard enough to cut threads in
for example, window frames of the same material, It may
therefore be necessary first to use a self-tapping screw of
the same dimensions but of a different material such as
hardened ordinary carbon steel, 8o as to cut the thread in
which the stainless eteel screw can be fixed.

Aluminium alloy self-tapping screws also cannot be
used in window frames of the same material. Plated hardened carbom
steel screws have given eatisfactory service, so have zcrews
made of stainless steel.

Those who are not familiar with the various grades
of protective coating available on builders' hardware should
be warned against copper-plated steel articles that have
an excellent appearance in a heated shop but in the damp
air will remain rust-free no longer than bare steel.




Cathode/anode size ratio

Even though the electrochemical theory of corrosion may be

true there are many situations in which it has had wo be
disregarded, particularly in the use of fusteners. Corrosion

is not inevitable, especially if the metals are kept clean

and dry. If the general rule that diifterent netals should

not be used together has to be broken, there is a further

rule that must be followed. This i3 that the crosi=-scction of the
anode must oo large and that of btho cathode small. The anocde

is the part that loses metal, thereiore it must be bulky

8o that it is not excessively weakened.

As an examvle of this principie, two assemblies were
tested in a 5 per cent solution of common salt. This is a rather
stronger solution than seawater, which is 3,5 per cent total
salts but 3 per cent common 8alt. Aluminium alloy screws
inserted into 18-8 stainless steel sheets were sceverely
corroded after only 7 days testing. The znodic (aluminium)
area was too small. But when 18«8 stainless stesl screws
were inserted into aluminium alloy sheet they were still in
good condition after six months' imrersion in the same solution,.
The sluminium alloy sheet was pitted, as would be expected,
but was not destroyed.

Por similar reasons, ordinary steel bolts should not
be used in stainless steel or copper panels, even if the bolts
are plated. 3tainless stecl boltes also should not be used in
direct contact with zino-copted steel of any type, especially
in polluted or seasidc air, so as to svoid rapid corrosion of
the zinc neur the bolt.

In case it is unavoidable to use different metals together,
it may sometimes be practicable to plate the noble metal so as to
reduce the corroding voltage between it and the corroded
(anodic) metal. Thus stoiniess steel bolts, used for fixing
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aluminium alloy paneis on aireraft, can be cadmium plated.
Another alternative to insulation, for preventing loral attack
on aluminium, is to use a chromate (inhibitor) sealing compound on the

surfaces in contact, or to use Plastic-coated stainless steel bolts.

Protective coatings on bolt threads
The thickness or a coating can geriously affect the fit of a bolt into

its nut; looseness and tightness of fit are both undesirable, This

does not anply to wood screws or self-tapping screws, which ean
take any zinc coating thickneas up to 0.05 mn (0.002 ineh)
without difficulty. For use out of doors, such screws are
usually passivated with chromate. For bolis and nuts, howu:ver,
the coating can be only about one tenth of this value, some

5 microns or 0.0002 inch. Being so thin, it is usually put on
by electroplating which is more elosely controlled than hot
dipping.

Zinc is the most widely used protective coating for
bolts. 2ine coating is much lesc costly and therefore much
more used than cadmium but cedmium is useful in particular
situations of high bhumidity or for protecting steel in soft
water or for reducing the potential between metals in aireraft,
The two main disadvantages of cadmium are that it is expensive
and its vapour is toxic, so it is ordinarily only used as a
thin electroplate. Perhaps the best overall proteotion for
bolts is given dy a tin coating over cadmium but - this is
relatively expensive. It resists acid water well. A S-aioren

(0.0002 inch) cadmium coating is sdequate to resist neutral
or alkaline water.




Other useful coatings for fusteners, though perhaps
more costly, are chromium, tin-nickel alloy, or bronze.
Compared with zine, all thesc¢ metels are hard, chromium

extremely so, and they therefore resist both abrusion and

corrosion.

Thread frictjon
Thread friction must always be kept in mind in the choice
of the bolt metal or coating metal for the thread. Cadmium
coatings usually lubricate the thread but zinc coatings tend
to increase éhe friction, especially if they are uneven,
which is likely with galvanizing and possibly sherardizing.
In modern steel structures it is important to use a bolt
that doces not need oiling,ror the following reason. A fixing
method for steel structure:, now being increasingly used is
the high-strength (friction-gzrip) bolt. If thc bolt is oiled
this should bo.dono only very sparingly because o0il should
never reach the contact surfaces of the platec or other
members gripped by the bolt. The security of the joint depends
on the clamping of the plate contact surfaces, and the clamping
effect will be reduced by oil between the plates.

Threads which are sinc-coated by sherardizing are usually
smoother, with less friction than hot-dipped threads. Electroplsted
threads are smoother than either, but the coating is thinner.
Sherardized thicknesses are from 0,02 mnm k0.000Q inch) to 0,04 mm
(0.0015 inch) but hot dipping can give even thicker coatings, to
0.075 mm or 0.003 inch though 0.025 mm or 0.001 inch is possible.
Is is often satisfactory to use nuts tapped after hot-dipping,

and to rely for corrosion resistance on the sinc coating over the
bolt threads. Sometimes sherardized self-tapping
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Screvs may have soft threads whien is a disadvantage for thisg

type of screw.
For very corrosive situations where the fa:tener

strength does not have to be 5o high that a cteel bolt is escential,
an all-plastic fastener has been produced. Tt can be used for
example in mines with Very corrosive water. This three-piece
unit is not threaded in the ordinary sense but is quickly
inserted into a hole through metal or wood or plastic sheet,
A 90~degree turn in cne direction or Lhe otner will lock opr

An interesting alloy, ilonel K5UC, with the strength of

unlock the fastenor.

& high-grade steel (minimum yield strength 55 tons/sq ineh)

has recently been used for neking permanently corrosione
resistant bolts  ip tal) buildings where corrosion could
endanger human life. ;ionel K500 contains 66 per cent nickel,
29 per cent copper, <.75 per cent aluminium and Ce9 per cent
iron approximately. It is therefore expensive but it is alse
strong and corrosion-resistant. bolts made of this alloy

support armoured-glass panels over a shopviLg centre in

London and over Sydney Opcra House they support the precast
slaba on the roof, Some of the latter abe 2.5 metres long (8 f£t)
and they are 25 m@i;iamotor (1 inch). iionel K500 was chosen
because it will resist the g8alty air of Sydney as well as

the dilute hydréchloric acid that will periodically be used

for washing the outside of the building. The same alloy is being

used to replace high-tensile brass fasteners in tho'novcblo

window-cleaning gantries that are hung outside many tall
modern buildings.




8. INSPECTION AND TESTING OF METAL OR PAINT
COATINGS

The up-to~date maintenance engineer will have noticed that
plastic coatings have been omitted from the title of this
section, but this 1is because they can Le regarded as paint and
tested in similar ways. .lastic i1inings and coatings are
discussed in 3ection 6. 'The four essentiale in coatings,
whether of paint or metal or vlastic, that give long protection
to the underlying metal are: thickness, uniformity, adhesion
and duetility, which for paint is usually cailed flexibility,
Uniformity here inplies the absence of thin patches. Tests for
adhesion and ductility can be found in the standards literature,
but the first two qualities are of the highest interest to the
maintenance engineexr hecause he can control them, and the
thickness of course controls the cost., 1In an industrial
environnent the combined paint and metnl cozting (or either

if used alone) should not be less than 0.12% n (0,005 inch).
Visual inspection

Visual inspection of coatings, apart from being essential
because it is quick, is usually also raliable, so far as it goes,
but it does not indicate thickness. letai coatings and paint,
should be seen to be continuous, Hot-dip gulvanizing is liable
to have lumps or blisters that usually imply an inclusion of
soaething that will weaken thq zinc. 1'he sparkle of new
galvanising, called spangle, though decorétive, is of no value
for anti-corrosion purposes and attempts are being made to
reduce its scale. Sprayed zinc or aluminium coatings are
alveys rougher than hot-dip galvanizing but should in any

ease never show black spots or blisters. Electroplated surfaces

are the smoothest type of metal coatinz. They are usually

also the thinnest because they are the most expensive.
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Thickness measuroments in genera)

Coating thicknesses can be determined by destructive or
non-destructive methods, Generally speaking, only non-destructive
mothods will be of interest to the maintenanece engineer unless
he Las a chenical or metallurgical laboratory at his disposal,
Lone of the destructive “rsts, “tat do not involve thickness
sleasuremont, .aeasure the resiscence of a stundard painted or
r.etcl=-coated panel vo tho corroding offect of salt spray or
Kerosane opr seratching or impact or bending or some other

way of stripping it. These tests are all described in the
stundards literature but it is worth pointing out that "tost
Panels" in the sense used here are pieces of aluminium or steel
ch.et, usually measuring 15 by 10 ¢m, som times 10 by 5 em,

Every manufacturer aims to apply the most uniform
provective coating that he can, 80 as to give the highest
vrotection at the lowest cost. The accurate measurement of
thickness ecan provide the information needed to lower the
cosé of protoection and to improve its quality. Without
circussing the mathematical theory of probability it is
possible to understand that for every job there is a certaipminimum

nunber of thickness Me wuremenvs to be madego as to achieve an

enpropriate degree of certainty about the product. In manufacturing,
at least one product in ten must be fully inspected, with
occasional wpot checks of doudbtful products. Using an

instrument that gives inmediate readings; not only the routime

teasurements, but also the spot checks are casily and quiskly
nade.




ihon-destructive measurement of thickness

Thickness~measuring instruments based on four different
principles are nmentioned here but wmany others exist. in
Great Britain alone there are more than 2C makers of
instruments for measuring paiat thickness and about the
88m¢® nunber who make instruments for measuring the thickness
of metal plating. All these instruments prive immediate
readinzs but each one has its most suitable field of use.
The maintenance engineer should make wide enquiries before
- deciding to buy an instrument. iThe four principles of
operation mentioned below are: beta-ray back scatter
measurement, eddy-current measurement, thermo-electric
measurement and magnetic measurement. The last is the oldest
method and possibly the most suitable for measuring naint
shicknesses on iron or steel.

" The beta-ray back-scatter instrument is used mainly

| for measuring coating thicknessec of precious metals on

semi-conductors, electrical contacts, printed circuits, amd

electronic or wetch components. It can measure the thickness

of & coating on a virs of onl; Q.2 mu diameter.

'he eddy~-cuirent instrument is considered best for
seasuring insulating filme (peint) on non-ferrous metals, and
involves a high-frequency alternating field in the instrument.
Provided that thgzggtgg has a smaller conductivity than the
besis metal, non-ferrous coating motal thicknesses can also
be m:asured. Anodic coatings on aluminium and its alloys can
be measured. In appropriate ocirocumstances, coating thicknesses
es small as 0.2 thousandth of a micron can be measured.

The third instrument was developed recently by the
Beitish Non FPerrous listals icesearch Association (BNF,, The
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BNF thermo-electric thickness tester measures the thickness of metal rlating
by the princinle of the electric: i voltare (thermocourle) produced at a
heated contuct between twe differeit wetnls, Yhe point of the meter is
Lheated anad Urought irto cont -t with the metel conting, Ar electriea?l
conductor frorm the point leands to x direct current arplifier. The othep
connexion to the d.ce.anmplifier is hrought round from the iroi or steel

basis metsnl bere th tie coating.

The magnetic {cor electrcmnprretic)instrumert ia well established but
%an only te used on a bacir uetal that ias megnetic tusually iron ur atesl),
and is cnly suitable for meLsuping  tie thickness of a noriemagnetic coatinr,
liickel is rapgnetic, tinush much less co than iran or nteel, ard the
instrument couid not be uscd for reacuring the thickresa of - ickel rlating
on steel ,

Early tyyves cf the magnetic iistrumert had sever:l disarvanteges
vhich are nov overcome, lThey cou'd be user only for mea:-uremernts on a flat
surface and avay from the edge of the metal, Alse it was esrertial to
re-calibrate the instrument nfterp taki-© it 1inte an electric train or tram
or mear any othlier electric motor or fenerator, At le~st two calibration
surfaces are neeiled for all these instrurents, One of these is an uncoated
metal plate to shew tie zers reading, tho other i3 a metal nlate coated with
& known uniform thicknec: of the protective coating, %¢ chow thre desired
readirz, loder:. designs of the magnetic insctrumert may have oavercome the
serious Aicadvanture that reodings had to be taken in the middle of large
flat areuc, bcoause at least three''pencil" magnetic iratruments exist, while

on the larger moder: instruments & small lightweight probe is used for taking

the readin s,

’he calibratior of an instrument ic the adjustment of itg scale readings so

that they give correct values. }For exnmple the Celsius thermometer is

correctly ecnlibrotei when it reads (© at freezing point and 100° when

water boil:s, Colibration surfuces for thicknesa-mea

suring instruments sarty
known thickneeses nf coating (o

ne of vhich ray be zero) to enable the sonles
of thickness teators to be correctly get,




Inspection of painting

The paint should be chosen after discussicn of the job with
the paint manufecturer or the paintini~ contractor and should
if possible be made according to thc stindares of the country
where it is to be used. Simple tests of the paints cose of
brushing or spraying, dryin;: time and viscosity, ac batchecs
come in, can be made by non-cnecialists and willi show whether
the paint in the l:uter batche: is the same a: in the  first
batch, [low cups or cup viscometers (o 17%%:19%5) are simple
instruments for measuring viscosity (also culled cenczistency)
and the flash-point test is also not ver: time~consuninge.

Since tho vslue of the paint is only a3 sma.l fraction
of the cost of the structure, it is obviously falce economy
to buy the cheapest paint but the most exrensive also is not
necessarily the best. Some trouble siiould be taken to find out
the best coating for the job, whether metal cootling is to be
used or paintyand the type of surface vprenaration.

rrobably the most expensive singlse task in applying
the protective coating is the surface preparstion of the
steelworlc, It also ho: more eifect on the life of the paint
than any other work put into the anti-corrosion ccheme.
The most important inspection work is therefore the inspection
of the surface after preparation. i.ethods of preparation
have been discussed in the section on painting. :lere we are
concerned with the inspection and approval of the surface by the
inspector working for the maintensnce engineer, and with its
final cleaning before priming.

Standards of surface preparation of steelwork are perhaps
the least advonced of all standards in the painting indusiry
but they do exist, however imperfect. The maintenance engineer

or his inspector must come to an agreement with the contractor

g
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about the quality of the blnst-cle ned surface that must be
obtained.

Blast cleaning cun contuniinute the steel surface in
several ways and these must be avoided. the compressed airp
must discharce an air blast withou. oil or 'zoisture, therefore
without uist. It must to dry. '"is can be verified by opening
the compres.ed air valve =and blowing to waste for a few
seconds. If water or oil or nist ir- discharied, blasting must
be stopped until the inspecior is suticsfied that the blast is
dry. There shonld be a drain cock nt the lowest point of the
blast surly and it should be ovened at least twice daily so as
to dischurge any 0il or water that has collected. It is difficult
to provide o completely dry air supnly from a conpressor, but it

is posuible. The air circuit may have to be re-desirned, passing

the air through a dryer after the drain coclt, and possibly also
through a pre-heater. Similarly, oil from the compressor must

be kept out of the air line. This can be nrevented by the use

of good equipment andregular revontive nairtenance, without
excessive oiling. Juch difficulties are unlil’ely witii inpeller l
blasting but this is ordinaril - used only at fuactories., ifor
sive work, compressed-air blasting is usual, .
If the grit or blasting shot are to be re-used, care must
bo_tnken that grease or old paint are removed from the stool H
before it is blasted, otherwise the grit will become Airty and
foul the steelwork when it is re-circulated.

Agreement with the blast-cleanini; ccntractor on the

correct standard of finish is usually achieved by a mutually
accepted standard of comparison. his is a piece of steel, at
least 10 cm square and 6 m thick that has been blast cleaned
Yo the agrced standard and sealed with a suitable varnish. The




standard surface should be one that can be regularly
aschieved in practice and the surfaces obtained should
not be rougher than the standard. It is better for the
surface to be too smcoth than too rough. Excessive roughness
means that peaks may occur that will not be adequately
covered with the paint or spruyed metal. stated in another
way, the same amount of paint will cover a larger area of
smooth surface than of rough surface and will be uniformly
thicker over a smooth surface than over a rough one.

To prevent rusting, some immedinte trentment must
be given to blast-cleaned steel, either & metal coating
or a prefabrication or pretreatment primer. 11" the
prepared stecl surface becomes rusty it nust be blaste
cleaned again,

Maintenance peinting also needs careful inapection.
All dirt, salts, grease and so on must be removed from the
surface before painting starts, If small areas are to be
painted, surrounding areas of good paint must not be too
much damaged by the surface prcparation, and the new paint
should overlap the edge of the old paint.

Instrugents, painting copdivions

Instruments required by the painting inspector for any
type of painting will include a thermometer, a hygrometer,
a thickness gauge for wet paint, and a thickness tester
for 4ry paint or metal coatings. The hygrometer shovs vhat
is the relative humidity of the air. At relative huaidities
above 90 per cent with rising temperature (and above 85 per
cent with falling temperature) painting should be stopped.
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The sane applies to painting at temperatures below 4%
(40°F). These tenperatures and relative humidities
should be discussed with the painting contractor so as to
make sure that he fully understands their meaning, and
perhaps slightly modified if he states a good reason.
Bpee¢ial care should be taken to watch the temperature and
relative humidity after blast cleaning because conpressed
air cools the steel and may cause dew to fall on it,.
There should of course never be any painting out of
doors during rain, mist or snow. Such conditions can
™uin wet paint and correspond to relative humidities of
160 per cent or more,

The electrical continuity testing of plastic

coatings or non-condueting Paint is briefly discussed
in Plastios, p. ¢5.
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9., SOURCES OF INFORMATION

In his search for information, the maintenance engineer
will find that the names of the trade associations are
particularly worth knowing. They con usually flood the
enquirer at short notice with many pages of besutifully
illustrated and well prodiuced mat~rial that costs hiwm no
more than a postage st.up and the teouble of writing a
polite, preferably typewritten letter. They exist to
promote the interests of their own trade and are therefore
supported by the l.rge companies in it. It is also worth
rememboring that,although they must tell the truth,they
are pirticularly liable to emphasize the advantages of
their own products and to say as little as possible of

_their disadvantages. In spite of this their publications

are extremely useful; the staff answer letters promptly
and can be helpful in many other ways.

Institutes or institutions, being learned societies,
however, are rather different. They are much less wealthy,
being supported only by the subscriptions of the men and
women qualified to practise their particular trade or
profession. Although sometimes understaffed, ingtitutions
usually have information that is low in cost, high in
quelity and impartial. Every institution that has a stable
existence possesses its own monthly or at least quarterly
Journsl that reports matiers of technical interest to its
members. If s letter sent to an institution is not answered,
end this may be because of shortage of staff, it is beat to
write again. The request for information should be ro-written
in s wvay that is easier for the institution to respond to,
or that will bring the institution a small payment for
e pudlication, '
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Research associations are a type of organization that
is perhaps peculiar to the United Kingdom. They exist
like trade associations to help their own particular trade,
but by recearch, not solely by publicity. They also
are supported by the subseriptions of their members btut they j
receive Government support, often as much os the sum subscribed
by their wmembers. 'nic weans tnat they must conform to certain
Government expectations and in particular the information they
.~ publish has to be of a bigh standard. iione of the bias possible
to a trade association is aporovad of and their publications
must be impartial. One eéxamnhle is the Corrosion Advice Bureau |
of EISkA, the iBritish steclmakers, which produces excellent
publications, many of them free. Usually all information from
& research association has to be paid for.
The maintenance engineer who is starting from a point

where he knows very little and has to acquire as mueh absolutely
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reliable technical knowledge in a short space of time, should
approach his country's standards institution, If his own
country dees not have standards on the matter of inquiry he |
should investigute the standards of other countries. These 1
foreign standards are usually cvailable for reading at the
headquarters of local standards institutions and can sometimes
be bought from them,

A very large number of prodycts are involved in the
strugile against corrosion: corrosion-resisting steels,other
eorrosion-resisting alloys or metals, metal-spraying or

plating products, hot-dipping, shot blasting, a very large

number of paints, primers, undercoats, top coats and all their
pigments, binders, thinners, corrosion inhibitors and
paseivators, quite apart from the building industry and

ell its techniques of damp-proofing, heating and ventilating

and air conditioning that reduce the relative humidity of the

air and its dust content and make it less corrosive,
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In most countries, almost the only book that covers all
these subjects efiectively is the standards yearbook. dometimes
in the smaller countries the field is covered the more conveniently
becsuse all the materiai is referred to in one volume. bLvon if
all the material is referred to in one book, however, the
stendards and codes concerned must s8tili be read, either in a
referonce library or after purchese. ‘'he auchor of this report
knows the UK best and has found thet the yoarbook of the Liritish
Stgndards Institution (BS1) mives pointers Lo a very large amount
of more or less co-ordinated information, almost all that a beginner to an
industrial subject needs. Thare is certainly a vister
quantity of diverse and useful information in the standards
yearbooks of l-rger countries but the informotion is not always
80 conveniently summarized in one book.

In casze the previous paragraph shcule give 8 wrong
impression, it should be p.inted out that the standards yuarbook
merely indicates wnich are ilihe ctandards or codes to be referred
¢o and read on any particular subject. St-ndards oonerally are
accepted rules, sometimes having the force of law, for the
dimensions and quality of product . Dimensions 're ordinarily
defined in one standard, quality in another. Codes of practice
are recommendations for guod practices They do not have the foree
of law but they explain the background and gsometimes give &
1ist of articlen to read on the gubject. i'or example
British Standard Code of Practice 2008:1966,"1Totection of
jron and steel structures from corroaion: zives a list of
93 literature references, wainly in lnglisn, but also in
French, German and Russian.

AS & matter of interest, in 1969 the BS1 had more than

5000 published standards, was undertaking new work or revisions
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at the rate of s50C standards or codes a year and had some
2400 projects in hanad,

Drafts are the early foru of codes and standards before
they have besn approved for publication, ''ney are thorefore
not orinted but written out in typescript and are ther known
as 'Jrefts for comment'. Lhe process ol receiving comments on
the draft, discussing thon in the arpropriate commitiees and
agreeing on the tinal text takes scveral vears for most
publicationg, therefopre there ias nlwavs a larca numbexr of
documents in draft rfoprm. o teettul inouiry it is occanionally
postible to obtain copies of the draft if any conies of it renain,
reriodically, when a draft hac reached a certain stace, it is
reproduced in u limited nuaber of copies that are circulated
to those interested, for them to send i thelr comrents. When
a draft is re-.dy for comsient, this is ueunl i announced in the
monthly journal of the 5tandards institution that ic producing
it.

The speciai importance of institutes op institutions,
in the Uk at least, arises from the foet that every individual
working in a specinlist subject muzst join hia svecinlist
institution as a means of progress in his work. Therefore
every important specialist boelongs t& the institution concerned
and cen be found by writing to it, The literature of the
institutions is useful but their inembers can be even more so
because accepted gcod practice does not find its way into the
literature for some yvears.

Of the institutions licteu below, a few publish journals
that are solely concerned with corrosion prevention, ac will be

éoen from their titles. ‘The others publish matter of

occasional interest S0 the maintenance engineer,
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A. Selected scientific institutions

American Iron and oteel Institute. 150 Zast 42nd Street, New York 17
American Welding Society, 345 East 47th Strcet, New York 17

CEBLLCOR (Centre belge d'étude de la corrosion] avenue Paul Héger,
irille 2, Lrussels, Lelgiun

Electrochemical Society, 30 Last 42nd Street, iiew York

Institute of letal Finishing, 17& Goswell Road, London ki

Institute of lietals, 17 Relgrave Square, London SW1

Institution of Chemicul Engineers, 16 Lelgrave Scuare, London Swﬂ
Institution of Civil Engineers, Great George Street, London SW1
Institution of Corrosion ‘fechnology, "i4 Belgrave souure, Tondon SWA
Institution of iiechanical kEngineers, Birdcage Walk, London SW1
Institution of Structural Engineers, Upper Lelgrave Street, Londorsxw;\
Institution of Water Engineers, 11 Pall hall, London SW1

Iron and Steel Institute, 4 Grosvenor Gardens, London HW1

ietal Finishing Association, Saint Dunstan's Louse, (arey Lane,
London SWA

National Association of Corrosion Engineers, 2400 Wesi Loop South,
Houcton, Texas 77027 ULA

011 end Colour Chemists' Association, Wax Chandlers' Hall
jresham 3treat, London ﬁua

Royal Institute of Chemistry, 30 Russell Square, lLondon WC1
Society of Chemicazl Industry, 14 ielgrave Square, London 8W1
8teel Structures Painting Council, 4400 Fifth Avenue, Pittsburshﬁaia

Stanford Research Institute, ienlo Fark, California 94025 USA
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B, S ' ed esearch associatio

British Welding Research Aspociation, Abington Hall, near Ogrnb:::l'i e
Englan

Building Research Station, near Wetford, ierts, ingland

Corrosion idvice Bureau, British Iron and Stecl Research Association
140 Lattersea Pork Road, London Sw14

Forest Products Research Laboratory, Princes Risborough, bucks,
. Ingland

Rubber and Plastics Research association, Shawbury, Jhrewsbury,
' Shropshire, ingland

Water Research Station, lerry Lane, iiedmenham, near harlow, Lucks
England

C. d 8 izations and other national 8

American Bociety for Testing and Materials (ASTM), 1916 Race Street,
Yhiladelphia, iu, USA

British 8tandards Institution, 2 Fark Street Mayfair, London W1

Comité europben des associations do fabricants de peintures gt
d'encres d'imprimerie, 42 avenue Marceau, Paris 8°France

U.S.National Bureau of Stundards, 318 Washington DC, 26234 USA
UeSeAtomic Energy Commission, Washington 11.C. 20545 USA

U.8.Bureau of Mines, "C" between 18th and 19th Street NW,
Vashington D.C. 20545 UsA

The publications of U.S.Government organizations can generally

be obtained from the US Government Printing Office, Washington
DC,20402 USA. The U,.3.National Bureau of Standards publishes

three monthly journals and is the main agency of the US Government
for basic and avplied research in physics, chemistry, mathematics
and engineering. It is therofore unlike the standards organigsations

of most countries, which usually do very little reseerch. The

USA Standards Institute (before 1966 known as the American
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Standards Association) publishes nothing itself and does not
itself initiate or write standards. The ASTM is probably
the most interesting of these three organizations to the

maintenance engineer.

D. Some el bew-wiabions and commercigl
research stations

Aluminium fodoration, 60 Calthorpe Road, Fivae Ways, Biminghn 15,
England

Oopper Development Association, 55 South Audley Street, London W1
GKN Fastemers Corrosion Laboratory, Birmingham, England

Tin Runrcvh Institute, Fraser Road, Greenford, Middlesex, England
Zino Development Association, 34 Berkeley Square, London W1

E.Books_on corrosion provention

Amti-corrosion manusl, 1964, Seientific Surveys Ltd, 11a Gloucester
Road, London SW? '

Corrosion, by L.L.Bhrei- 7947, "+mes, Lordon, 2 volumes

Pinishing Handbook and Directory, annually, Sawell Publications 14,
4 ILudgate Circus, London ECH

Manual of Maintenance Engineering, Factory Publications
Mereury House, Waterloo Road, London 8§1

Packsging code (Temporary protection of ﬁotal surfaces against
oorrosion during transport and storage ), B8 113 Seotionb
1966, British Standards Institution, London
Painting of Buildings, BSCP 231:1966, British Standards Institutiom,
6

Protection of Iron and steel structures from corrosion, B8CP2008:19&
' British Standards Instittion, London

London
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Anti-corrosion methods and materials, monthly, Sawell Publications
itd, 4 Ludgate Circus, London L(4

- British Corrosion Journal, Instit :tion of Corrosion knginesrs, i
14 Beipl . it myuen oy London SW1 !

Corrosion, Hational Associ~tion of Corrocion bnginvers, 2400 West
Loop Bouth, liouston Texas, 77027 USa

Corrosion Pravention aad Control, monthly, 4cientific Surveys Lt4,
1Ma Gloucester Road, Lonéon SW7

lMaterials Protection, lational Association of Corrosion ineers,
2400 West Ioop South, ilouston Texas 77027 USA

Product Finishing, montnly, Sawell Publications 1td, 4 Ludgate Circus X
London EC4 v
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A number of other journsls have usaful articles from time to
time including: Chemistry uni industry, Chemical Processing,
Industrial and Engineering Chemistry, liaterials and Methods,
Metal Industries, Rovue liétullique, Gheet ietal Industry. The
regular or occasional publicutions of the bodies listed under

A,B,C and D above are ali:io umorsy ‘nteresting,












