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ABSTRACT

The aim ofthis project is to prepare a surveyreport about fundementals of
corrosion and the process applied to pfotect metals against corrosion destruction in the
industry.Theti.ec.essaryknowledge istaken from the litterature given at.the end ofthe
text. Corrosicmis generally divided in two types: a)Direct corrosion b)Electrochemical
corrosion.

Direct corrosidn occurs asa.result ofchemicalattact of some solution'siich'as
acids. Electrochemical.corrosion ogqurs continiouslywhen metals are exposed to
atmospheric condition as observed fdrtusting 6firon. In practice most common arid
destructive corrosion is electrochemic~t:typecottosion. Therefore in. this project mainly
electrochemical corrosion is considered:

:~~D)t:r Oone>i~ntaihs,basic info~ti~fi a~~Utelectrochemical c~~osion
in.81~~g<i ;4y:fm.~tiq:qs(gygyfddpect of corrosion and what is the meaning of corrosion
for engineering:

Chapter two explain, fundementals of electrochemical corrosion and principle of
galvanic cells.

Chapter three introduces, common form of corrosion including galvanic
corrosion, pitting, stress corrosion, :frettingcorrosion, concentration corrosion and
oxidation of metals.

Chapter four contains, methods appli~dfor corrosion prevention (material
selection, alteration of environment, desing rules, prevention against other types of
corrosion)

Chapter five deals with metal cleaning,removal of contaminants.

Chapter six devoted to electroplating (cadmiumplating, zinc plating, cadmium
and zinc compared, chrénitiin plating, riickelplating)

Chapter seven in~ludes metaUiccoating process (alitninumcoating of'steel, hot
dip tin coating of steel, hot dip galvanizing)

Chapter eight contains, non-metallic coating process includingpainting and
ceramic coating.

Chapter nine is conclusion.
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CHAPTER 1

[. INTRODUCTION

Corrosion can be defined as the deterioration of material caused by chemical
reaction in its environment. The corrosion occurs because of the nati.irall¢11¢lency .fot
most metals to return to their natural state; e.g., iron in the presence of 1noisLa,iryvill
revert. to its natural state, iron oxide. Metajs.can he corroded by the direct reaction of
the. metal to a. chemical; e.g., zing will react. with dilute sulfuric acid, and magnesium

will react with alcohols.

Electrochemical corrosion is ori~ .of.Jhe most important cla&sification .of
corrosion. Four conditions must exist be~ore electrochemiccllcorrosi~n can proceed:
(1) there must be something that corrodes. (the metal anode), (2) there must be a
cathode, (3) there must be continuous conductive liquid path (electrolyte, usually
condensate and salt or other contaminations), and (4) there must be a conductor to carry
the flow of electrons from the anode to the dathode. This conductor is usually in the

form of metal-to-metal contact such as in.boltedor riveted joints.

The elimination of any one Of the four conditions will stop corrosion. An
unbroken (perfect) coating on the surface of the metal will prevent the electrolyte from
connecting the cathode and anode so the current .cannot flow. Therefore, no corrosion

will occur as long as the coating is unbroken.

One of the fundamental racto:rs in corrosion is the nature of material,
Materials are usually selected primaijly for structural efficiency, and corrosion
resistance is often a secondary consideration in design. The use of corrosion-resistant
alloys is not a cure-all for corrosion prevention. Corrosion-resistant metals are by
nature passive (more noble) and can cause severe galvanic corrosion of active (less
noble) .inaterials. A.common occurrence is to replace a corroded part with a corrosion-
resistant allor only to :find that the corrosion has shifted to another location and

increased in severity.



Water intrusion is the p.incipal cause of corrosion problems encountered in the field use
of equipment. Water can €nt€r an enclosure by free entry, capillary action, or
condensation. With these three modes of water entry acting and with the subsequent
confine:inentof water, it is al:1:1i6sfeertainithatany enclosure will be susceptibleto water

intrusiolir

At normal atmospheric temperatures the moisture in the air is enough to start
corrosive action. Oxygen is essential fof corrosion to occur in water Yaf ambient
temperatures, Other factors that affect the tehdency of a- metalto corrode ate:
acidity or alkalinity of the conduc:tife mecHu:mn:\(pH factor), (2) stability 6fthe cotrosion
products, (3) biological organisins (:particlH~:tly anaerobic bacteria), (4) variation in
composition of the corrosive medium, aud (5) temperature. The corrosion problem is
complex. The presellge of salts and' iicicls oOrtorrietal surfaces greatif<increase~ tlie
electrical conductivity of any mmsturépresept and accelerates cotrosion. Moisture

tendstoco]lect oon dirt particles. The maintenance of clean. surfaces Oli passive metals

or alloys and alloysplatedWlth more noble metals can be of even greater Inlpt;>ftance
than for plain carbortsteel: [Lf striaU cotrdsi.diifu:6aSd.evelopthe- coiti.bffi~t:iortd: fsinali
active anodes in relation t0 large passiv~>cathddescauses severe pittmgt'IriiS priuciple
also applies to metals that have been passivatedpy chemical treatments as we)Fas for
metals that develop passivation due to e:uvjrefnfiie:tital conditions (e.g., stainless steel and
aluminum). Alloys that owe their qo:rrositfit fesistfu:'ipe to passivity tllie (susceptibleto
a.ccelerated corrosion within crevices." Thisephelidmenonis caused by- the: fomiatienn of
dll. §~g¢u cell resulting from a lower 0xygen concentration in the crevice. For.these
rea§o~~c:; $1@~tilill6ss! I ctfiust ber maintainet! 1. cortosion-preveiitive . mea.stii'~s, <SU6N ~§
paintiit.§ a.sdicta.teclbyser\i'icficonditions; fo.1.s{be observed even on corrosion-resistant
materials. Corrosive attack begins on the surface of a metal exposed to a corrosive
environment. If allowed' to pr8gtess/H:liecortosidh works down-into tlie c8re of the
material. Because corrosion never 6:tigfiiates, it:rthe core, there will alwa:ys be 'evidence
on the surface when an ~ttack is in progress. The most common'visible rnauifestatiol 1s.

of corrosion are pitting on stainless steel or aluminum, rust on carbon steel, and

intergranular exfoliation on aluminum.



L1 Definition

Corrosion is the deteration of a material resulting from electrochemical attack by
its environment. The rate of corrosidfi.qepends on the temperature and the concentration
of the reactants and products. Other factors such as mechanical stress and erosion may

also contribute corrosion.

Most metals are corroded by electrochemical attack since. tgyy\haye.<free
electrons. They are able to. setup electrochemical cells within .metals themselyes. I\.1ost
metals are corroded to same extentl]y w'at.er and atmosphere. Then can also be corroged

by direct chemicalattach from a ch~rrii¢fllsolpti()i1.Sucds.acids.

Most metals exist in the nature in combined state, such as oxides, sulfides,

carbonates and silicates. In there combined st~te, their energy is lower. In metallic state,

their energy 1Sh1gher, thus they have tendency to react chemicallyto form compounds.
Compounds have lower ans#é¥ and pave more stable structure. For example iron oxides
exist normally in nature, are reduced by thermal energy to iron, which is higher energy
state. When iron is exposed to -atmosphere, it tends to return to oxide by corroding

(rusting) to lower its energy.

Nonmetallic materials, geramics f~d pl~~Jics can be deteriop:iteq lJy \diregt

cheical attack, not by electrochemical ~iagl.<.

. Corrosion caused enormous sconomic loss. Therefore ngineers must

concerned about corrosion control and prevention.

Corrosion is defined as the destruction or deterioration of a material because of
reaction with its environment. Some Insist that the definition should be restricted to
metals, but often the corrosion engineers must consider both metals and nonmetals for

solution for a given problem.

Corrosion bas been classified in many different ways. One method divides corrosion

onto low-te:rnparatureand high-temparature corrosion. Another separates corrosion onto



direct combination (or oxidation) and electrochemical corrosion. The preferred

classificationhere is;

1) Wet corrosion

2) Dry corrosion

Wet corrosion occurs when a liquid is present. This usually involves aqueous
solutions or electrolytes and accounts forJhe greatest.amount of corrosion.<byfar. A
common example is corrosion of steel by water, Dry corrosion occurs in theabsenge of
a liquid phase or above the dew poli,it oftlie)~1vironment. Vapors apclgases are usually

the corrodents. Dry corrosion os most.s{eel.byflttruicegases.

The presence of even small amounts of moisture could change the corrosion
picture 9ompletely. For example; dry chlorine is practically noncorrosive to ordinary
steel, but moist chlorine, or chlorine dissolved in water, is extremely corrosive and
attacks most of the common metals and allays. The reverse is true for titanium-dry

chlorine gas is mote corrosive than wet chlorine.

Corrosion can be fast or slow. Sensitized 18-8 stainless steel is badly attacked in
hours by- polyphonic acid. Railroad tracks usually show slight rusting-not sufficient to
affect their performance over many years. The famous iron Delhi Pillar.in India was
made almost 2000 years ago and is almost as good as new. It is about 32 feet high and 2

feet India-meter. It shaii'd' be noted, however, that it has been exposed mostly to arid

conditidns;;g ‘

Most)ron. .ores cont~ odqg~s ofiron, and rusting of steel by wa.terarid oxygen
result in a hydrated iron ocide. Resultinfis a term reserved for steel and.iron corrosion,

although many other metals from their oxides when corrosion occurs.



1.2 Corrosion Engine‘érlng

In any case, Corrosionrepresents a tremendous economic Ioss aridmuch can be
done to reduce it. These large dollar figures' are not surprising wliet. we consider that
corrosion occurs, with varying degrees of severity, whenever metals and other materials

are used.

In fact the economy would be drastically changed if-there we:reiriocorr6sfort. For
example, airtomobiles,"ships, 'uhdergréund pipelines and household- appliim.cesY wdiild
not require coatings. The stainlessesteel in.dtist:ty would essential disappear and copper
would be used only for electrical purposes.:--]M:06stmetallic plants, as Well as consimier

products, would be made. of steel or casfird:1:ii

\’théugh*'COfrd’éidn is :inevitable,its cost can be considerably-reduced. For

mexpenswe magnesinm anode could double the life of a domestic hot

water tank Washmg a'car to remove road deicing salts is helpful. Proper seleption of
materials and good design reduce costs of corrosion. A good mainten.ance pain.tin.g
program pays for itself many times over. Here is where the corrosion engineer enters the

picture and is effective his or her primary function is to combat corrosion.

A side from its direct cost in dollars, corrosion is a serious problem because if
definitely contributes to the depletion of our natural resources. For example, steel is
niade fréin iron are, and our domestic supply 6f hi~h grade directly smelt able iron are
has dwjndled. Another important factor concerns the world supply of metal resburces.
The rapid industrialization of many countries indicates that the competition for and the

piece ofmetal resources will increase.

Corrosion-engineering is 'theapplication.of science and art to~-pl‘eV€I‘ifOI‘ control

corrosion damage economically and safety.

Ii order to reform their function properly, corrosion engineers must be well
versed in the practices and principles of corrosion; the chemical, metallurgical, physical,

and mecfiirti:icalproperties. of materials; corrosion testing; the+nature of corrosive



environments; the availabili an ‘abltica.tlon of materials, computers, and design. They
also must have the usual attributes ofellig»in‘eers asense of human relations, integrity, the
ability to think and analyze; an.awareness of the importance of safety, common sense, a
sense of organization, and of prime importance, a solid feeling.for, economics. In
solving corrosion problems, the corrosion engineer .must select to method that will

nia:xit:nize pro:fits;;Onedefinition of economics is simply-there is no free.lunsh.

In the past relatively few engineers received aducation trainingin corrosion.
Most of the people then engaged in this field had chemical, electrical or metallurgical

back grounds. Fortunately this picture has changes.

Particularly all environments are corrosise to some degree. Some examples are
air and moisturet fresh, distilled, salt and mine waters, rural, urban, and-industrial--------
atmosphefes; steem and other gases such as chlorine, ammonia, hydrogen slilfide, sulfur
dioxide, and fuel gases, mineral acids sucli as hydrochloric, sulfuric and nitric, organic
acids such as- nophtheniq, acetic and formic, alkalis, soils, solvents, vegetaMe and
petroleum oils, and a variety of food products. In general, the inorganic materials are
more corrosive than the organic for example; corrosion in the petroleum industry is due
more to sodium chloride, sulfur, hydrochlpric and sulfuric acids, and water, than to the

oil, naphtha or gasoline.

Higher temperatures and pressures usually involve more severe corrosion
conditions. Many of the present-day operations would not have been possible or

economicalwithouMhe use of corrosion-resistant materials.

Automobiles'are pointed. because rusted . surfaces are not. pleasirig.:td the. eye.
Badly corroded and rusted equipinell.tinplant would leave a poor impression.and the
observer. In many rural and urban environments it would be cheaper to make to metal
rhicker :n the first place (corrosion allowance) then to apply and maintain a point
coating. Outside surfaces or trim and buildings are often made of stainless steel,

aluminum, or copper for the sake of appearance.

Constructional saving can be obtained in many types of plant through the use of

corrosion-resistant materials of contraction. One example is classic respect. A chemical




plant effected an amua;lsavangof more than .$10.000 merely by changing the bolt
material on some equifpmentifromtong allay to another.more resistant fo the conditions
involved. The.cost of this chang~was/negligible. In another case a waste acid recovery
plant operated in the red for severalrtiontlis until a serious corrosion problem was
solved, This plant was .built to take care .of an important waste. disposal problem.
Application 6f cathodic protection: can cut leak rates in existing underground pipelines
to practically nil with attendant large saving.in repair costs, Maintenap.ce costs rare

scrutinized because the labor picture accents the necessity for low cost operation.

Frequently plants are shut down or portions of a process stopped because of
unexpected corrosion failures. Sometimes there shutdowns are caused by corrosion
involving no change in process conditions, but erroneously regarded as incapable of
increasing severity of the corrosive co:nditiop.s. It is surprising how often some minor
¢lharigein. process or the addition of a new ingredient changes corrosion characteristics
complet¢ly.’ The pro:tectio;nof a chemical pdmpound vital to national defense is an
example. To>increaseits produotion, the temperature of the cooling :ttiediQm in a heat
enchanger system was lowered and the time :teqtritedper batch decreased. Lowering the
temperature of the cooling medium resulted, hoetver, in more severe thermal gradient
across the metal wall. They, in turn, indUded higher stresses in the metal. Stress was

shut down with production delayed for soiri.etmae.

Contamination of product: In n:ianfcases.the market value of the products is
ﬁ‘u“ﬁci}bf L‘ﬁﬁ-‘»lat@tho its purity and quality. fi'reedofufrom Contaminationis a vital factor in
the manufacture handling of transparent plastics, pigments, foods, .drtigs and
semiconductors. In some cases a VEI'Y <small amount of corrosion, which iritrodq,ces
certain metal ions int¢ the solution, rriliy cause catalytic decomposition of a product for
example, in the manufacture and tiisporting of concentrated hydrogen peroxide or

hydrazine.

Loss of valuable products: No particular concern is attached to slight leakage of
sul:fic acid to the drain, because it is a cheap gallon requires promote corrective action.
Slight loses of uranium compounds or solutions are hazardous can be very costly

materials of construction well warranted.



Effect on safety and ;Téliélbi]i’ty:gThe honalre of hazardous materials such as
toxic gases, hydrofluoric acid, cOn.centra.ted sulfuric .and nitric acids, explosive and
flammable materials, r:dt'v“a?.fﬁ"i}é‘ ‘substances and chemicals at high Temperatures and
pressured demands the use of construction materials that minimize corrosion failures,
stress cO:rfosidt{ofd metal wall separating the fuel and oxidizer in a missile could:cause
premature mixing, which could result in a loss of millions of dollars and in personal
injures. Failure a smallcomponent or control may result infailure or destruction of the
entire structure. Corroding equipment can cause same daily harmless compounds to
become explosive. Economizing 011- materials of construction is not desirable if safety is

risked.
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II. FUNDAMENTALS OF CORROSION

2.1 Electrochemical Corrosion OfMetal

The electrochemical nature of corrosion can be illustrated by the attack on zinc
by hydrochloric acid. When zinc is placed in dilute hydrochloric acid, a vigorous
reaction occurs; hydrogen was is evolved and the zinc dissolves, forming a solution.of

zinc chloride. The reaction is:
Zn+ 2HCI1 ~ ZnCh + H2

Noting that the chloride ion is not invdlved iti the reactions, this equations can he

written in the simplified form:
Znt 2H' > 70 2

Hence, zinc reats with the hydr<s.. — - 9fthe acid solution to form n- ¢ ions

and hydrogen gas. Examining the above: equation, it can be seen that during the

reaction, zinc is oxidized to zinc ions andhydr'ogenions are reduced to hydrogen.

* Oxidation (ANODIC REACTION) Zn ~ Zn2+ * 2e
, Reduction (CATHODIC REACTION) 2V 2e ~ H2
An oxidation or anodic reaction is indicated by an increase in Vaiénce or a
production of electrons. A decrease in valance change or the consumption of electrons
signifies a reduction or cathodic reduction. Equations of oxidation and reduction are
partial reaction; both must occur simultaneously and the same rate .on the metal surface.
If this were not true, the metal would spontaneously become electrically charged, which
is clenearly impossible. This leads

When viewed from the standpoint of partial processes of oxidation .and

reduction, all corrosion can be classified onto a few generalized reactions. The anodic

11



reaction in every LQFEQSIO t1onls the oxidation of a metal to its ion. This can be

written in the generai form:

M= M™+ne

In each.ease-the number ofelectroris produced equals the valance at the ion.

There are several different cathodic reactions that are frequently.encountered in

metallic corrosion. The most common are:

Hydrogen evaluation: LW +2e ~ 2
Oxygenreduction: 02 + 4W +4e ~ 2H20

Metal ion reduction: M3 + ¢ ~ Mo+
M*+:e ~M

" 'During corrosion, moré than one 16xi_datior1. .arid one rediictioni re~ctioli may
occur. Wheii dll alldy is: cortdded, its coOmpdiieiit metals go into csblutigin: as>their
respective ions. More importautly, more than 6:0.e: reduction reaction can 6c8urTo.uring
corrosion, Consider the corrosion of zfi.gYin aerated hydrolic acid. Two cathodiq

reactions possible: the evohitioriofhydrogen.'a+1dtli.eteducing of oxygen.

Since the anodic and cathodic reactions occurring during corrosion are mutually
dependent, it is possible to reduce corrosi~fi.:,iby'f¢ducinghe rates of either reaction. In
the above case of impure hydrochloric ~tiq, i'it)ban. be made less corrosive by removing
the ferric ions and consequently reducing the total rate of cathodic reduction. Oxygen
reduction is eliminated by preventing/air from Contacting the aqueous solution or by
removing air that has been dissolved. Iron will not corrode in ~ir-free wateror seawater

because there is no cathodic reaction possible.

Ih the surface of metal is coated with paint or other no conducting film, the rates
of both anodic and cathodic reactions will bee greatly reduced and corrosion will be
retarded. A corrosion inhibitor is a substance that when added in small amounts to a
corrosivereduces its.corrosivity. Corrosion inhibitors function by interfering with either
the anodic .and cathodic reactions or both. Many of these inhibitors are organic

compounds; they function by forming an impervious film on the metal surface or by

12



interfering with eitherthe anodic or cathodfo:tfieitctions. High molecular weight amires
retard the hydrogen evohition reaction and isubseciuently reduce corrosion rate..It is
obvious that good conductivity must be :r.naintainedinboththe metal and the electrolyte
during the corrosion reaction. Of course; it is not practical to increase the electrical
resistance of the electrolyte or corrosive and thereby reduce corrosion. Very pure water
is much less corrosive than impure or natutaFwaters. The low eorrosivity of high purity
water is primarily due to its high electrical resistance, These methods for increasing

corrosion resistance are described in greater detail in following c~pters.

2.2 Galvanic Cells

Most metallic corrosion involves electrochemical reactions, it is important to
understand the principle of. electrochemice! galyanic .couple; ory cell. When two
dissimilar metal electrode is llll111ersea in equeons ~oh.ition., they £01111<ii 'giliivanic cell as
shown in'figure; Depending on the relative electrode potentials of the metals, are
becomes anod, the other one cathode. When two electrodes are connected by a wire and
voltmeter, the electrons produced at anode due .to oxidation reaction will flow to
cathode and certain potential ci\ul be measured.

Z~* ions are dissolved in the ekectrode, thus Zn becomes corroded,

Cuz+ ions are reduced to Cu atoms.

Fig.1

Every metal has a different tendency to corrode in a particular environment.

Tendency for metals to form ions in a equeous solutions can be determined by a half-



cell metho. By this method standard eledt‘rodei ‘potential of metal versus standart
hydrogen electrode. is measured. Electrolytesiin.tb.ehalf cells contain one more solution
of metal and hydrogen. The metals whidL are more reactive than hydrogen have
negative potential, so they are anode, These\metals are oxidized to form ions; H ions are
reduces to for H gas. Some other metals which are less reactive than H have positive

potential, so they are cathodic agains H; therefore they are reduced.
« Standard electrode potentials of some metalS {45°C)

Table | Standart emfserie~ of metals

Metal-metal ion Electrode potential
equilibriuni vs. normal hydr<:>gen
(unit activity) electrode at 25°Ct yqlts
Au-Au+s +1.498
Pt-Pt+2 +1.2

Nobleor ~ Pd.Pd+2 +0.987

cathodic Ag-Ag+ +0.799
Hg-Hg2+2 +0.788
Cu-Cu+2 +0.337
H,-H* 0.000
Pb-Ph:1-2 930,126
Sn-Sn"? --0.136
Ni-Ni+:z "-0.250
Co-Co,+2 -0.277
Cd-Cd+2 -0.403
fe-Fe+2 -0.440
Cr-Cr+s -.0.744
zn~zn+l -0.763

Active or Al-Al+~ -1.662

anodic Mg-Mg+1 -2.363
Na-Na+ . 2.714

l K-K.+ -2.925

Standards electrode potential measurements requires an electrolyte is a one molar

solution at 25c. the actual potentials vary with concentration and temperature. The



effect of metal ion concentration Ciand ‘temberatdre T on the standard electrode

potential Eo is calculated by Ners equation as follow";

=E" +
E=E"+ 0,p§g2T log C:

Where, E= new potential of half cell, Bo = standard potential of half pf c~ILJ.1 = tilL:tlll)er
electrons transferred per atom and C;= molar concentration of ions. Most electrolytes
are dilute, C;<l. Therefore electrode potentials in Table [ are shifted in the anodic

direction.

Some .many important engineering n:i~tals form passive flhn 011 their surfaces.

Tp~y do pof pehave. in. galvanic cells as thtt~tiw.dat:c:l electrode potentials W-():Uld indicate.

Thus for practical application whel"¢ cprt,.)sion is important factor,.a llew type of
series called galvanic series has.been deyelopeq for. anodic-cathodic rel ~t~9~hip.Tli~~ ~
galvanic series must be determined for eyery.qol"tgsive environments. ‘A galvanic series
for metals and allays exposedto flowing s ~a}Y"~\eris given in table 2.for example for
(Fe-Zn) couple, Zn is more active than Fe, therefore Zn is anodic, while Fe is cathodic
for Zn. Sn is ANl cathodic side for Fe. Fe is on anodic side, therefore for (Fe-Sn) couple,
Fe will be corroded, Sn is protected. For (F~-Zn) couple Fe will be Pt()t~pted~Zn is

corrodecl.



CHAPTER IIT

1. COMMON FORMS OF CORROSION
3.1 Uniform Corrosion

Concentration cell corrosion occurs wheii two or more-areas of a metal surface
are in contact with different concentrations o6ftl:ieYSa:tne solution. There are three general
types of concentration cell corrosion: (T)'metal fon concentration cells, (2) Oxygen

concentration cells, and (3) active-passivecells.

In the presence of water, a nigh concentration of metal ions will exist under
faying surfaces and a low concerittation dfmefal 'i0:tis will exist ndjacei:.t to>the crevice
created by\the faying surfaces. An dectriciil p<lfei:1fitl will exist between the two points.
The area>cYfthe metal in contc).cf with th~>J6"'V cOhcentration of m&f~f i161is will be
cathodic arid will be prOtectedOan.d tlie ar:ea or'ffietal in contact with the<'hfgliin.et~ ion
concentration will be anodic and corroded. This condition can be eliminated by sealing
the faying surfaces in a manner to excltide moisture. Proper protective coating
application with inorganic zinc primers'is hlsd effective in reducing faying surface

corrosion.

A water solution in contact wifli tlie fuetal surface will nd:1'Lilhlly col:attin
dissolved.oxygen, An oxygen cell can develop at any point where the oxygen inthe air
is not allowed to diffuse uniformly into the solution, thereby creating a difference in
oxygen concentration between two points. Typical locations of oxygen concentration
cells are pnder either meta~~ or nonmetallic depoiits(dirt) on thei~s~a1 surface and
under faying sutfaces such as riveted lap joints. Oxygen cells can also develop under
gaskets, wood, rubber, plastic tape, and other materials in contact with the metal
surface. Corrosion will occur at the area of low--oxy~enconcentration (anode). The
severity of corrosion due to these conditions can be minimized by sealing, maintaining
surfaces clean, and avoiding the use of material that permits wicking of moisture

between faying surfaces.



Metals that depend on a tightly adherm ":ﬁasSivP. film (usually an oxide) for
corrosion protection; e.g., austenitic cc‘)rrolel.l\e‘f;éSEﬂant'stéel, can be corroded by active-
passive cells. The corrosive action 1.sually!'<sfiatts iréé‘:‘anoxygen concentration cell; e.g.,
salt deposits on the metal surface in tlh.e ptrs~~ce Ofwater containin~ oxygen can create
the oxygen cell. If the passive filniis .brok~l.lipel.leath the salt deposit, the active metal
beneath the film will be exposed to cortosi.ve attack. An electrical potential will
develop between the large area of the catb.dde (passive film) and the small area of the
anode (active metal). Rapid pitting of the- active metal will result. This type of

corrosion can be avoided by frequent cleaningand by application pfprotective coatings.

3.2 Galvanic Corrosion

The difference in the electrochemical potential of two dissimilar metals can be
cause.ofthe corrosion. For example; galvanized steel (basicallyiron) is coated with Zn
film. When Zn is on steel are couple in an aqueous environment, since Zn is on the
anode since on the galvanic series will be corroded, while steel on the cathode side will
be protected.

In another case of dissimilarmetals, steel sheet is plated with Sn film. Sn is d
very high corrosion resistence. If the steelsheet is uniformly plated by Sn film, it will
be protected by Sn film against corrosion.' However when Sn film is perforated or
scratched, the steel sheet will be exposed,to env:irgnment.Since Sn is on cathodic side

anodic steel will not be protected by Sn therefore it will be corroded as shown in figure.

Galvanized stee! S'Be\/

Tin. plat.i:d ateel
o) (b)

Fig2 Fig3



Fig.4

Atmosphere contains oxygen and moisture. Moisture condensed on the surface

of iron forms an electrolyte as shown in figure.
Anodic reaction (oxidation):
Fe > Fe™ +2¢
Cathodic 'reaction (reduction):
O, +2H,0 +4¢” = 40H
The overall reaction is detained by .adding.those reactions;

2Fe + 2H20 + 02 ~ 2Fe2+ + 40Fr ~ 2Fe (OH)2:

Ferrous hydroxide, Fe (OH)2 precipitates into electrolyte. It is oxiqized. further to

produce ferric hydroxide:

Ffr(OH)2 + Hz0 + 1/20, > 2Fe (OH)3
Ferric hydroxide precipitatesasred.brownriist. It turns to ferrooxide sometimes:

2Fe (OH)3 ~\Fe.203 + 3H20

In most cases single phase allay has higher corrosion resistance than a

multiphase allay: since electrochemical cell is created in multiphase allay; since

18




electrochemical cell is created: in m&ltgphase allay Relatively one phase is anodic, the
other one is cathodic, Therefore ml.l‘ltipfha.sé"éﬂﬂyfﬂndﬂligﬁ corrosion with higher rates.
For example; steel contains ferrite an.d.detri.enfite:iphasesAnodic cementite forms a
galvanic cellwith cathodic ferrite, Usuallyiitonhas higher corrosion resistance than iron

carbon allays or steels.

Martensitic steel has a single phase;.<Temperedmartensite has-many galvanic
cells and boundaries .of ferrite and carbide.particles. Therefore it has higher eorrosion

rate than tnartensite.

The grain,boundaries have anodic b1:,liaviorsince they have higher energies due
to atomic disordering in the are. Therefore g:ta.in boundaries are more chemicallyactive

(anodic) than g:ta.i:m.atrix.. -

3.3.Pitting

Pitting is d form of extremely locaJizeH>iattackthatresult in hcHes>lu<the2trietal.
These holes may be small or large:in diameter; but: in most cases they\a.re?relativery
small- Pits are sometimes isolated or-so close>together that they .Jook' like a)rough
surface. Generally a pit may be described as a cavity or hole with the surface diameter

about the same as or less than the depth.

| “

L

No corrosion Pitting Cwerall carrosion

Fig. 5

Diagrammatic representation of pitting corrosion as an intermediate stage.



Pitting is one of the most destructive and insidious form of corrosion. If courted
equipment to fail because of perforation with only a small percent .weighi-loss of the
entire structure. .Ifis often difficultto detect pits because of their small size and because
thepits are often covered.with'corrosion.products. In addition, itis difficultto measure
quar.Ltitatively. and compate the extend of pitting because of the varying depths and
numbers of pits that may occur under identical conditions. Pitting is also .difficultto
predict by laboratory test. Sometimes.the pits require a long time .;. severa! 11l.onth or a
year - to show up.it actual service..Pitting is .particularlyvicious because it.is d localized

and intense form of corrosion, and failures.often occur with.extreme-suddenness.

3.4 Stress Corrosion

Stress corro.sion cracking (sec) refers to cracking caused by4lly simultaneous
presen9e . of tensile stress and a specific corrosive medium. Many investigators have
classified all cracking failures occurring in corrosive mediums as stress-corrosion
cracking, including,failure's due to hydrogen embitterment. However, these two types of
cracking failures respond differently to environmental variables. To illustrate, cathodic
protection is an effective method for preventing stress-corrosion cracking, whereas it
rapidly accelerates hydrogen- enibitterment. effects. Hence, the importance of
considering stress-corrosion cracking and- hydrogen embitterment as separate

phenomena is obvious.

. Anode

Fig.6
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During stress-corrosion cracking, the .metal DI allay 1s virtually unattached over
most of’its surface, while fine cracks p1:ogressthought it... This cracking phenomenon has
serious consequences since it can. occur-at stress within the range of typical design
stress. The stresses required for stress-co:rtdsio::1. cracking are compared with the total

range of strength capabilities.

The two classic cases of stress-corrosion cracking are "season cracking" of
brass, and the "caustic-embrittlement" of steel. ijoth ofthese absolute terms describe the
environmental conditions present that led to stress cracking. Season cracking refers to
the stress-corrosion: cracking failure of brass ecartridge cases. During periods of heavy
rainfall, especially inthe topics, crackswere observed in the brass cartridge cases art the
point.where .tbe case was crimped to the bullet. It was later found that the important
environmental component in season cracking was ammonia, resulting from the

decompositign..9:fl()tgallici.matter.

Many explosion pf riveted boilers occurred in early steam-driven locomotives.
Examination of the failures showed cracks or brittle failures at the riverl holes.These
areas were cold worked during riveting Operations, and analysis of the whitish deposits
found the these areas showed caustic, or sodium hydroxide, to be the mn.ajorcomponent.
Hence brittle fracture in the presence Of caustic resulted in the term caustic

embitterment.

In metals subjec~:~to cold working, plastic deformation increasesJdislbc~tion
density, distortions, and creates residual-stresses..Cold. worked metal becomes anodic
due to increase in internal stain energy. The strain'hardened areas in a metal are more
susceptible to corrosion, The bend of a wire -a1idférged ends of a nail are anodic where

corrosion rate is higher as shownin,figtire.

3.5 Erosion Corrosion

Erosion corrosion is the acceleration or increase on rate of deterioration or attack
on a metal because of relative movement between a corrosive fluid and the metal
surface. Generally this movement between a corrosive fluid and the metal surface.

Generally this movement is quite rapid, and mechanical wear effects or abrasion are



involved. Metal is removed from the surface as dissolved ions, or it forms solid

corrosion product 'that are mechanically swept from the metal surface. Sometimes

movement of the environment decreases corrosio~ ,particularly when localized attack
occurs under stagnant conditions, but this is not erosion corrosion because deterioration

is not increased.

Bf<;>sion - corrosion -is characterized ‘lll,'a-upearanceby grooves, gullies; waives,
rounded holes and valleys'and'usually sexhibitsd directional pattern, 111 figure* is assketch
representing erosion corrosion of a heat e:xchangeftube handling water, 'In many cases,
failure because of erosion corrosion occur in a relatively short time, and they are
unexpected largely because evaluation corrosion test were run under static conditions or

because the.erosion effects-were not considered.

3~6 Fretting Corrosion

Fretting describes corrosion 6Ccuri.drig atcq:ritact areas between ~tyrials -under
load subjected to vibration and slip. It appe@s a.s\pits or grooves I the metal surrounded
by corrosion product. Fretting is also calledi:6:ictionpxidation, wear o:,ddation,.chaflug,
and false brinelling. It has been observ~~/{f engine components, automotive .parts,
bolted parts, between clamp and steel cables of suspension bridges, and other
machinery. Essentially, fretting is a special case Oferosion corrosion that occurs in the

atmosphere rather than under aqueous conditions.

Before After
! IIIIIII ",
. \1 S m A ’\A
Oxide ‘ Exposed-~.. - Oxide
layers tetot porticies
i !
N |
Fig. 7

Sche:natic iUustratién of the o:xidatfon.wear theory 0f fretfilig corrosion.
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3~7 Concentration Co:rrosion.

Concentration , cells are formed from the differences in electrolyte coinposition.
Accor<iing0.Nerst equation, an electrode in dilute electrolyte is anpdic )Yith respect to a
similar electrode in a concentration electrolyte. Therefore corrosion rate is higher where
co~cen.tration. of the electrolyte is lower. Corrosion is accelerated in apparently
inaccessible places such as crack or crevices, under accumulated dirt or other surface
contaminations as show in figure. Oxygen concentration cells develop,:vvhen.thergis .a

difference in oxygen concentration on a moist surface of a metal,

cathode

For example the surface of a steel bolf\introduced in a body has?lower)dxygeb.

concentration. lhah external-surface exposed.tO atmosphere as show in-:figure.i\Cathdde

reaction in themoist external surfaee.,
02 +2H20 + 4e- 7 40H-

Since this cathodic reaction which requires presence of oxygen removes electrons from
the metal, more electrons must he by adjacent area that do not have as much oxygen.
The areas with less oxygen serve as anodes, therefore they are corroded. Figure shows

some typical oxygen concentration cells.



The accumulated rust or scale restrict the acces>0f oxygen and establish an anode; and
accelerate corrosion in a localized. area. Lf>Cfiljzed. corrosive attack produces holes or
pits in a metal. This form of corrosion can be very destructive for engineering structure

and may cause serious damage. This foh:1i 6f corrosion is called pitting corrosion.

3.8 Oxidation Of Metals

Metal and allays exposed to air.r~act with air to form oxide. filins. Oxid.ation of
metals at high temperatures is particularly ipiportant for engineering. desi,gn of gas
turbines, rocket engines and high temperature equipments in chemical industry. Some
metal oxide films become poro-us, some metal .them expand, crack .ancl fall of such as
Fe20}. they are not protective films, I:loweyer somne of the oxide nlilis, .such as Cr203

and Al203, are fuin, tight and coherent. They protect metals against corrogion.
Degree of protection of oxide films depend on the following factors,

1. The volume ratio of oxide to mgtal.c9p;supied by oxidationmustk~;Closeto J.
The oxide .film must have good adhe:reiice to metal.
The oxide film and metal must have llearly equal thermal expansion coefficient.

The oxide filin must have high compactnessand low diffusion c.o~ffici~nt.

A e

The oxide film must be sufficiently r¢sili.ellt t<Jprevent cracking.

I'LE: xolullLE: .i-atio of iron oxide (Fe203) to iron after oxidation is arotin.d 2.15.
Therefore due to volume increase of oxide films compressive stresses are introduced,
thus oxide film. tends to. crack and spal] C)ff Qn the other hand, the vollllil~latios. for

Cr2Q3 and AIl203 are close to 1.



CH.APTER IV

IV. CORROSION PREVENTION

4.0 latrod uetion

The most common method of preventing corrosion isthe selection of the proper

metal/alloy for a particular corrosive service.;.;th.eeasiest method isto paint.the surface

Five alterations t6 env.itonrtient can be ma.de to alleviate corrosion. The effects
produced by each change are dependant orrtbe system. Lowering temperature-asually
causes a sigrrificatitdecrease in corirosiol 1,-+-butsorir.etimes temperature has no effect on
corrosid:ir;, Or even'incH-eases it. Teri:i.per~ttire.'affects:- oxygen .solubility.s. decreases as

temperature incteases\-'less Oxygen makes boiling *seawater less corrosive

Decreasing velocity generally decreases coqosion, but metals that passivate generally

have better resistance to flowing mediums.

Removing oxygen or oxidizers is accomplished by vacuum, inert. gas sparging,
or use of oxygen scavengers. One should 'jJJe CatefuLnot to remove oxygel,1(-vtj.tl};..111etals

that. requite the. oxidizers to: form their pr<)f¢.¢tive oxide films - these mg,t~riajs\f1!'e poor

11 reducing nén-oxidizing environments

Changing concentration .by. krWefing the iconcentration .of corrosive agent
generally reduces corrosion. Some sulfuric & phosphoric acids become inert at high
concentrations but jf too low, active-passive alloys will not develop their protective

layer.
4.1 Materials Selection

The most common method of preventing corrosion is the selection of the proper
metal or alloy fora particular corrosive service. Since this is the most important method

of preventing or reducing corrosion darna.ge.One*Ofthe most popular misconceptions to
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those not familiar with metallurgy Or corrdsion’ engineerig concerns the uses and
characteristics of stainless steel. Stainless 'steefl is not stainless it is not the most

corrosion-resistant material and it is not a specificalloy.

In many instances cheaper materials or more resistant materials are available. For
nitric acid service the stainless; steels arc usually considered first as these have excellent
resistance to this medium tinder a wide range of ~xposure conditions Tin or tin coatings
are almost always chosen as a container cifpiping :riiaterial For very pure distilled water
For many years tantalum has been co~idered and used 'as' ah ultimat~ corrosion-
resistant material. Tantalum is resistant to. MOSt acids at all cdnceritrations and
temperatures ,and is generali)' used undef conditions where rnininial corrosion- is
required such as implants in the hturran. body. .Ati interesting featii:te abotit 'tantalum is
that it almost exactly parallels the corrosion resistance of glass. Both glass-and tantalum
are resista:nttd virtuallY dll mediums extept hytlf<> fluoride acid and caustic solutions.
For these reason manufacturers of glass-lined equipment use tantalun:i.iplugsto seal

defects sincethis material matches the resistarifeq($lass,

4.2 Alteration Of Environment

Altering the ' environment provides a/versatile means for redu¢in.gtcorrosiqn.
Typical changes ip. the medium that are 6ftengmployed are (1) loweri:ig/cten:iperatUl'e,
(2) decreasing velocity, (3) removingxc.C.>xygen or oxidizers, ancl (4) ich.augilig
concentratien-In maaycases, .these chan.g¢s<can significantlyreduce corre>sion}bp.t they
must be done with care. The-effects pI'Oducedby these changes vary dependin.gon the

particular system.

4~2.iLowering temperature

Lowering the temperature usually causes @ pronounced decrease in corrosion
rate. However, under some conditions, temperature changes have little effect on

corrosion rate. In other cases, increasilig temperature decreases attack. This
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phenomenon occurs as hot, fresh or .salt. water'sttraised to the boiling point and is the
result of the decrease in oxygen soh:LbilitY with temperature. Boiling seawater is

therefore less corrosive than hotseawater(e;gi;15°F).

4.2.2 Decreasing velocity

This is often used as a practical meth~d or corrosion control As .4jscuss~din
Sec. 2-7, velocity generally increases. corresive attack, although.there are, some
important exceptions, Metals and alloys thatipassjvity such as stainless steels, generally
have better resistance to. flowing.mediums. thA A stagnantsolutions.j(ery' high velocities

should he always avoided where possible, because of erosion corrosion effects.

4.2.3 Removing Oxygen or Oxidizers

This is a very old corrosion control technique. Boiler feed water was-deaerated
by passing it through a large mass of scrap steel. In moderii practice this is
accomplished by vacuum treatment, inert gas sparging, or through the use of oxygen
scavengers. Hydrochloric acid that has conta6ted steel during its manufacture or storage
contains ferric chloride as an oxidizer impurity, This impure acid, terin,e9, muriatic acid
in commerce, rapidly corrodes nickrd-molybdenum alloys, whereas these materials
possess excellent resistance in pure hydrochloric acid. Although deaeration finds
widespread application, it is not recommended for active-passive metals or alloys.
These materials require oxidizers to form and maintain their protective films and

usually possess poor resistance to reducing 6r non-oxidizing environments.

4.2A Changing concentration

Decreasing corrosive cdiicentta:tionis usiifilly effective. In HlNhY processes the
presence of a corrdsive is accidental. For example, corrosion by the water coolant. In
nuclear reactors is reduced by eliminating chloride ions- Many acids such as sulfuric

and phosphoric ~C virtually inert at high Coucerifrationsat moderate ten:iperafiires. In



these cases, corrosion can be reduced by increasing acid concentration

No discussion of corrosion controlwould be complete without mentioning the
magic devices or water-conditioning gadgets that have been and continue to be widely
sold for purposes of controlling water corrosion-These gadgets are usually promoted on
thq basis that they will "stop corrosion", "prevent scaling", "destroy bacteria”, "improve
taste an.d odor" or "reduce water hardness". Some manufacturers make .all ofthe above
claims for their product! In. every case; the device is based on sonic pseudoscientific
principle, is simply constructed, quite .expensive. and totally worthless Several of them
consist merely of a pipe coupling that looks identical to those available in any hardware
store. Surpassingly .large numbers of these gadgets are installed each year by trained

engineers.

J\}1giq. devices should not be confu.sei:l:.+~ith\thewater-softeajn.g .-water-treating
and cathodic protection apparatus and systems .sold by reputable manufacturers. The
worthless device is easily spotted by a number Of clues: (1) It is based on a questionable
or a "secret" mnew principle. (2) The adye;rtjsing contains an excessiy;¢. ti@iper(.of
testimonials (usually from untrained persons)--.Gl) The promotion makeslrio nelltign of
any imitations the device will work in any.kind Of water and protect any size system (4)

The device is always sold with a complete guarantee.

4.3 Design Rules

There are many design rules which should be follow-ed for best corrosion
resistance, Some of the design rules thal.sh9uld be followed are listed below. It would
be helpful if the designer had a good background in corrosion but unfortunately this 1S

usually not the case

* Weld rather than rivet tanks and other containers. Riveted joints provide sites for

crevice corrosion.

* Design tanks and other containers for easy draining and easy cleaning Tank

bottoms should be sloped toward drain holes so that liquid- cannot collect after



the tank . is .ermpiigd ; lomoenteateld -sulfuric acid is only negligibly corrosive
toward steel However if a steel sulfuric acid tank is incompletely drained and the
remaining liquid is exposed to the air the acid tends .to.absorb moisture resulting

in dilution and rapid attackoceurs.

* Design systems for the easy replace:rnentofcomponents  hat are expected to fail
rapidly in service. Frequently, pumps in chemical plants are designed so that

they can be readily removed fi;om a piping system.

* Avoid excessive mechsnicalustresseseaindratress concentralicnssiricomponerits
exposed to corrosive mediums. Mechanical or residual stresses are one of the
requirements for stress corrosion' ‘era.eking. This rule should be allowed

especia.nywheri.tu.sing-:rnaterials-susceptible:stress-corrosion  cracking;

* Avoid electrical contact between d.issiniilai-('11letals.to prevent gallvariic corrosion
If possible use similar materials tl:1:fough.dut the entire structure <or insulate

different materials from one another.

* Avoid sharp bends in piping systems when high velocities and/or solids n

suspension are involved (erosion corrosion).

* Provide thicker structures to take Care,ofiimpingement effects.

* Make slJle materials are properly selected.

* List complete specifications for all :materials of constrirctiorn > and provide
instrtictions to be sure the specs are >followed all the way through to final

inspection- Specify quality control procedures if relevant

e Be sure all relevant codes and standards are met.



Set realistic and scheduled dates for delivery 1 equipn

Specify .procedures for testing ::anfii.st§t~geypfparts and equipment. For example
after hydraulic testing do not letth¢\¢quiprnent sit full or pai:tially :full \of water
for any extended period of time. This\could result in microbial corrosion pitting,
and Stress corrosion. With regard to storage spare stainless steel tubing showed

stress-corrosion cracking when stored near the seacoast.
Specify operating and maintenance procedures (i.e., scheduled shut downs).

Properly design against excessive vibratlonsiot. only for rotating.parts but also for

heat also for heat exchanger tubes.

Provide :f6:rF"blarik:eting'~ -with dry aire 6r\inert>gas ifvessels "mhalet. moist marine

atitr.osphere while being emptied,

Select planf site upwind from othert~ip6llu.ting" plants or ,itmospheite::if relevait

and/or feasible.

Avoid hot- spots during heat-t:rausfef opi:rations, Heat exchangers ari,didther!:heat.
traizisfer. devices .should be decided t6 ensure uniform. tempefatuteigradients.

Uneven teitr.petatu:re distribii.tiqt1 leadstb local heating and high -corrosion rates.
Further hot spots tend to produce stresses that flay produce stress corrosion

cracking failures

Design to exclude air. Oxygen reduction is one of the most common cathodic
reactions during corfésion an.cl if oxygen is eliminate ill cor.fosién scal often be
reduced or prevented. In designing chemical plant equipmentparticiilar  attention
should be paid to agitators liquid inlets arid other points where 'air entrainment is
a possibility. Exceptions to this <rule are active-passive metals and alloys.
Tifa.1:aiwii arld stainless steels are Indre<resistant to acids containing dissolved air

or other Oxidizers.



¢ The most general rule for design is avoided heterogénic. Dissimilar metals vapor
spaces, uneven heat and stress distributions and other differences between points
in the system lead to corrosion da.mage. Hence' in desig:ti.fatteinpt to wake all

conditions as uniform as possible throughdut the entire system.

A number of procedures or practices can be used for combating or :riiitii:tnizig
galvanic corrosion. Sometimes oneris sufficient, but a combination of eme 6tmdore 1filty

be required. These practices are as follows:

Select combinations of metals as close together as possible in the galvanic
series.
Avoid the unfavorable area effect of a small anode and large cathode Small

parts such as faste:o.ers.sometimesvork well for holding less resistant materials.

Irtsulatedissimilarineta.ls wherev¢r-Cpra:cticablelt is importanfi:tt;>}ii:isiilate
completely ifpossible. A common error in this regard concerns bolted joints suchas two
flanges like a pipe to a valve, where the pipe might be steel or lead and the valve a
different material. Bakelite washers- tind~t<?the bolt heads and nuts are'}'assumedto
insulate.the two parts vet the %hatik 6f theihdW'tduches both flanges! This pfoblen is
solved by platting plastictubes over theibolt+shank:s--'Plithewishers sqiitheib81tsare
isolated co.p:ipletely from the flanges Figure 3-5 shows proper insufation.for a bolted

joint Tape and paint to increase resistance of the circuit are alternatives.

Apply coatings with caution. Keep the coatings in good repair, particularly the

one onthe anodic member.

Add inhibitorsif possibleto decrease the aggressiveness of the environment.

Avoid threaded jbuits for materials far apart in the series.<Much of the
effective wall thickness of the metal is cut away during the threading operation. In
addition spilled liquid or condensed moisture can collect and remain in the thread
grooves. Brazedjoints are preferred,.using<itbtazingalldy noblerthan afleast one ofthe

metals to be joined. Weldedjoints using V\:elds of the same allow are even better.




Design for the use of readily repilaceablgaanodic parts or wake them thicker for

longer life. Install a third metal that is awedic 10 both rratcliiin the galvanic contact.

Erettir)g corrosion can be ~~g);9J.-,practically  efuniriat~d.: ijl inany cases

by applyingone or more ofthe followingpteyetitiye measures:

1. Lubricate with low-viscosity, high-tenacity oils and greases. Lubrication reduces
friction between bearing surfaces and t¢cuds to exclude oxygen. Also, phosphate
coatings ("Parkerizing") are often useg Iil conjunction with lubricants since these

coatings arc porous and provide oili-~g~tyoirs.

2. Increase the hardness of one or both of the contacting materials. This can be
accomplished by choosing a combination of hard materials or hard alloys Table
3-11 lists the relative fretting corrosion resistarice of various material
coml;>inations. As shown, hard materials are more resistant than soft materials.
Also, increasing surface hardness by shot-peening or cold-working increases

fretting resistance.

3. Increase friction between.mating.pa.rts.1:>yt911ghenirnke surface. pft¢l1, bearing
surfaces that will be subjected to vibratioh during shipment are coated with- lead
to prevent fretting corrosion. Whell/fiie. bearing is placed in .servi¢~,. the lead
coating is rapidly worn away

4. Use gaskets to absorb vibration and to exclude oxygen at bearing surfaces.

5. Increase loadto. reduce slip between mating surfaces,

6. Decrease the load at bearing surfaces. It is important to note that decreasing the
load is not always successful, since very small loads are capable of producing

damage.

7. Ifpossible increase the relative motion between parts to reduce attack.




4.4 Prevention against other types of Corrosion

General prevention 6fcorrosioli mv.olvesthe following concerns: (1) decreasing
the aggressiveness of the environment,<(2)In.creasmgthe:resistance of the material, (3)
eliminating points of stagnation in the solution, and (4) reducing the amount of

scratching done to the passivated layer.

Reducing the amount' of oxidizers such as chlorides can decrease solution
aggressiveness; regulating the temperature, and the acidity of the environment can also
slow pitting corrosion. By cleaning the inatetial mid. removing deposits, the chance of

pitting .due to imperfections in the passivat~q.layer i~ greatly reduced.

. Corrosioh resistant materials often have a higher alloy content. In ferrous
materials, the addition of nickel, chromilinf and molybdenum are generaily beneficial.
At temperatures below 70 degrees Celsius, the addition of titanium can reduce the
chances of;ifiii,g,, Also,: qitbon and ~~,,)I/!~Y detrimental to ~ resistance -of
the material. Corrosion inhibitors can be added, but insufficient quantities will cause
fewer but deeper pits, thus promoting the corrosion. Lastly, cathodic protection can be

used, but due to its expensive nature, it should be considered as a secondary protection.

Stagnant points in a medium can" sometimes be eliminafed With proper
hydrodyn~C design, })Ut. measures .as* Simple RSi.InCreasing the flow jtate:wi.llJi¢lp1'aise

the overallisolutionvelocity.

Scratching . cap. be «reduced byr fairlyi obvious methods, .such .as,removal of

sediment from a flowing fluid,



CHAPTER V

V.PREPARATION OF PR.ODU@TSFOR CORROSION
PROTECTI<I>N>PROCCES

5.0 Introduction

Surfaces ofthe products to be subjects for corrosion protection of metals have to

be freedf contamiriations such as sOij, Oil/grease, tust scale, cutting flmd etc...

All these will. prevent the intimate" cOhtact: tequited for corrosion protection
tecniques and will interfer with bounding of coating materials and will give poor
adherchee.Therefore, before applying any prpcess,.surface of the prodiicts should be
less and free contaminations. Many different methods are used to clean sudacecf

metals.

Some common process such cleamng, solvent + ~1]anmg, vapor

ing and acid cleamng W]]l be mtroduced_ | h]s ‘chapter. .

5.1. Metal Cleaning

5.1.1 Alkaline Cleaning

AJl(a.Une cleaffih g is employed for the dily, .semisolidOt solid §d11sl,fr0fu .metals
before-they: -+ ~~.-sso~lectr~~lated, conversion eda~~~t)T~r---Otherwise finishedor prOcessed*To
a great extent, the solutions.used for alka.lihe cleaning depend on their properties for
cleaning action and effectiveness. Agit~tidii of the solution and movement of the work

pieces through it, although important, are secondary in their effect.

The principal methods employed in alkalit.e cleaning are soak, spray, and
electrolytic. Other methods are variations uncorporating the essential features of these

three.

Unless. the soil is easily remova.ble,<soakcleaning is slower. and less efficient
than spray and electrolytic metliogis. Q-~tierally, itis employed only for moderate or

small volumes of work.



Spray Cleaning combines :the advantages of the detersive properties if the
solutions with the impinging action of sprays~ which loosen the soil mechanically and
therefore,. provide greater efficiency.than/the.soak method for temovingJenacious soils.
Jiowever, because of foaming problems, spray cleaners have lower detersive properties

than Soak cleaners.

Because spray. cleaning:requires .a-. greater investme'ntfor equipment. than the soak

method, a greater volume of.work.is neededtohjustify the higher cost..Moreoven.design

of the part must be.such as to allow the spray to reach all surfaces.

] " ~Work rod o
SteQm controi vaive Anode rod
Anode rod = ¢ . S insulotor
Normal solution lev&l /2, Eplaces)

Reinforced edge of tank

Steomec:Oil
exhaust vanie

Steam conin back
ot steel electrodes /.

i~ Overtiow dom
,/,: Ty

11 -Steel electrodes
“{Bplacas)

Drain valve

Fig. 9
Typical electrolytic alkahne cleaning tank. Porcelain insulators a:re ::ulttaclied to the

bottom edges of the electrodes, to prevent contsict with the sides ."ft)ig .ta.:nk.

5.1.2 Emulsion Cleaning

Emulsion cleaning is a process for removing soils from the surfaces of metal by

the use of common organic sOlvellts disp~:r~edllifillaqueous medium Witl!.tlie aid ofan




emulsifying agent. Depending on the :solvent‘;vu;sed,ﬁ.cleaning is done at temperatures

from room.temperature to 140-180 F.

An emulsion system must contain two liquids, mutually insolublecor nearly so,
one of which usually is dispersed inthe other in the form of globules:Ingeneral, one of
these liquids is a hydrocarbon and the other is water, the dispersed phase isthat which is
distributed as gloubes in the other liquid, known as the continuous phase, because oil
and water do not mix, an oil-in-water dispersior1 that does not contain an emulsifying
agent (or dispersant) requires constant mechairiical agitation to prevent immediate

separation of.oil and water into two layers.

The stability of emulsion cleaners depends on the propyrties of emulsifying
agents thataresca;pable\ofcausing  oil andwatertde:iriix and form a morcr.Statble emulsion.
These emulsifying .agents- ate- of two- general types:\those .that.promote tfii{forination of
oil-in wa.ter efliulsiol).S )(vvater constituting the continuous phase) -andxthose which form

water in.Ol efiiil&ions (ntwhichwateris the dispersed phase).

5.1~3 Solvent Cleaning

Solvent cleaning is a process for rerp.0ving oil, grease, loose metal chips, and
other contaminants from the surfaces of nietal parts by the use of comn:io1organic
solvents, such as. aliphatic petroleum's, - phlétii:1a.ted>hydro.carbonsy . bleng.R. OfJhese
two clas.se-s Of .sgiy~nts<-Cle~g is .usti@y p¢tformned at, or slightly.ab@Ye, .itc>01ii
temperature'.i Parts are cleaned by .being imn:iei-seq. and soaked in the.soiv~nt, M7ith. .pr
withdut agitation. Parts that are tooJarge JP be limniersed are sprayed or wiped with the

solvent.

Ultrasonic vibration is sometimes used in conjunction with solvent cleaning to
loosen and remove soils, such as. abrasive compopnds, from deep r~¢~sses or other
difficult-to-reach areas; this reduces the.time required for solvent cleatiirigof complex

shapes.

Although some .of the solvents.used in.solvent cleaning are the same as those

used .in.vapor degreasing,.solyent.¢lea.ning differs from vapor degreasing in that the
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latter process is performed are elevated temperatures. In vapor degreasing, part may be
degreased by exposure to. the solventvapof(@!-w~nas by immersion in the hot solvent;
drying1is accomplished by evaporating the> solvent from the .parts while they are
suspended in.the .hot solvent vapor...In .Solye:ut cleatiing, parts are dried at rooni

temperature or by the use of external heat, centrifuging,or an absorptive medium.

5.1.4 Vapor Degreasing

Vapor degreasing is a generic | term applied to a cleaning process that employs
the hot vapors of a chlorinated. Solvent to remove soils - particularly, oils, greases and

waxes.

A vapor degreasing unit consists of an open steel tank with a heated sol- d vent
reservoir, or sump, at the bottom and a cooling zone near the top. Sufficientheat in
introduced into the sump to boil the solvent and generate hot solvent vapor. Because the
hot vapor is heavier than airs it displaces ' th~ air and fills the tank up to the ' cooling
zone. The hot vapor is condensed when cooling zone, thus maintaininga
fixed vapor I level and creating a thermal balance. The temperature differential between
the hot vapor and the cool work piece a causes the vapor to condense on the work piece

and dissolve the soil.

To supplement vapor cleaning, Solhe "decreasing units d[€ :eqinppeci *1th
facilities f<r ifutiefsing the work h1 wati-rFeuf beiiling solvent and for spraying Work
piece surfaces with clean solvent. The efficiency of the liquid phase of the cleanmg

cycle can be augmented by the appUcatl&H)fﬁltras&ruc energy.

5.1.5 Acid Cleaning

Acid cleaning is a process In whiclha solution of a mineral acid, organic acid or
acid sat at in coinbinationwitha \V:~~f.Jff~~t-~fdetergent, is employ~dto remove
oxide, shop soil grease, and other contanpunants from metal surface as with or without
the application of heat. The distinction btWIlitt acid cleaning and acid pickling is a
matter of degree, and there is often some overluppne, in the usage of these terms. In

general however acid inkling refers to & more severe treatment for the removal of scale



from semi finished mill products, for mugs or casting” where as acid cleaning is the
term most frequently used whap the acid seliiar is employed for man or neuronal
preparation -of metal surfaces p 'not to gkiits paintmg or stored. Acid pickling is

discrissedmdeta.il in the riext article in tills volume

5.2 Removal of Contaminants

5.2.1. Removal of Unpigmented Oij and Grease

The common shop oils and greases;' such as unpigmented drawing lubricants,
rust-preventive oils, and quenching and focrica.t~f.oils, can be effecti'7elr.removed by
several different cleaners. Selection of cleaning.process depends on production flow as
well as on required degree of cleanness, available equipment and cost. For example,
steel parts [lI'a clean and dry condition will rust within a few hours in a humid
atmosphere. -Thus," parts that are thoroughly clean and dry must go to the next operation
immediately,/b@ placed in hold tanks, or.bEutfeated with rust pr@v~utiy@s. If r;ust
preventives are used, the .parts will prob~kly.r~1pire another cleanin~.:pr~2tto.~li~r
processing. Accordingly, a cleaner that leav:esJ3,.temnporaryi::it-prev~t:itiye film. iniglit be

preferred.

Vapor decreasing is an.effeotive.and. Wid.~1y.usednethod for?1-~1'.1.1qvfug.ftwide
variety of oils.and. greases. It develops a lli.gh degree of cleanness which is reproducible

because the decreasing fluid is distilled and filtered.

Vapor degreasing has proved especially effective for removing soltible-soil from
carves, such as rolled or welded seams that May permanently .entrftp <(fli~t. ¢l~ariers.
Vapor degreasing is particularly well adajjtEid..to cleaning oil-impregnated-pats much as

bearings and for removing solvent-soluble soils from the interior of storagg:tipks.

Solvent cleaning may be used.t9.r¢1J1oye.the common oils atid greases from
metal parts. Methods vary from static immersion to the use of a multistage washer.
Seven methods of solvent cleaning, listed in Order of their ascending effectiveness, are

as follows:



1. Static immersion.
Immersion with agitation ofparts.
Iminersion with agitation of boththe solvent and the parts.

Immersion with scrubbing.

woe v

Pressure- spraying in a spray booth.
Immersion scrubbing, followed 'by spraying.
I

7. Multistage washer.

A number of solvents and their properties are tabulated in the articles on vapor
degreasing and solvent cleaning in this vohune. Solvent cleaning is nfostwidely used 4§
a preliminary or conditioning cleaner decrease the time required in, and

contamination ofthe final, cleaner.

5.2.2 Removalof Compounds

Poli§hin.g a:tid bu-ffing co:rriperunds  at&/'dplicl1lt-e to remove -bed:ru.§e<tfi&<soil,Jthey
deposit 1S composed of "buriied oh" gr~afe>uneti:illic soaps, waxes; a:tid idthe:fvefiicles
that ate contaminated with fine particles of :metal and abrasive. Consequently, cleaning

requirements should be considered when seleetirig polishing and buffing compounds.

In terms of cleaning req\lirements, cqmpounds used for ohta~ buffed and

polished :finj shes may be classified as follows:-

l. Liquids - mineral oils and oil-in-water emulsions, or animal and vegetable oils
with abrasives

2. Semisolids - oil -base, containiti.g abrasives and emulsions; or water-base,
containing abrasives and dispersin.gJtgefiis

3. Solids- greases containing stearic acid, hydrogenated fatty acid, tallow,
hydrogenated glycerides, petrplelllll. waxes, and combinations that produce

either saponifiable or unsaponifiableinaterials, in addition to abrasives.




5.3 Surface Preparation for Treatment
5.3.1 Surface Preparation fo.- Phquhate Coating

Because the chemical reaction that results in the deposition of a phosphate
coating depends entirely on good contact between the phosphating solution and the
surface of the metal being treated, arts should always be sufficientlyclean to permit the

phosphating solution to wet the surface uniformly.

Soil that is not removed can act as. @ :rriechanicabarrier to the phosphating
solution, retarding the rate of coating, interfering with the bonding of'the crystals to the
metal, or, at worst, completely preventing .soluti<>1u1. contact. Some so~s.ccli .be fqated
with thM phigsphia.t~crystals -wil be poor, LUld tlns will intum affect the a.bility of a

stibseq lenpaint fib:n to remain contliiuousiorun1'roken in service.

Soils sucl;1 as cutting oils, drawing compounds, coolants and rust inhibitors can
react with the basis metal and form a film that substantially changes the nature bf the

coating,

Precautions must be taken to avoid carryover of cleaning materials into
phosphating tanks. This is particularly true for alkaline cleaner, which ¢ati :q.eutralize the

acid phosphating solutions, rendering them useless.

5.3.2 Surface Preparation for Painting

Surface preparation has a direct effect on the performance of paint films. The
best paint available will fail prematurely if applied prepared surface. The surface also
will influence the final appearance of the paint film. Surface irregularities may not paint

film. Surface irregularities of the paint film.

The principal surface contaminants that are deleterious to the performance of
paint films include oil, grease dirt, rust, mill scale, water, and salts such as chlorides and

sulfides.




Mechanical and chemical cleaning operations may be used in combination to
meet: ~ rigid :reqtuferiient of surface clyanness. For example, on scaler-bearing steel
intended for an application involving steel intended for an application involving
eipdsfile fo<cb.ei:):iical environments, complete removal of all oil, grease, rust, mill scale,

and any other surface contaminants into tlie surface ofthe steel.

5.3.3 Surface Preparation for Electrm>Jatmg

As has been mentioned previously in this article, the cleanness required for
metals that are to be electroplated is of a higher order than for most other applications.
In addition to pickling or other descalini operations (when needed), adequate cleaning
requires multistage cycles, usually comprising all four of the following steps: (a) pre-
oleaning with a solvent, to remove most of the soil; (b) intermediate cleaning with
alkaline deaners; (~) electro-cleaning, to remove the last traces of solids and other
contaminants tpat are especially adherent; and (d) acid tr¥atment and surface
conditioning, to, remove llght oxide filrtis formed during previous deaning processes

and to micro-etch the surface..




CHAPTER VI
VI. ELECTROPLATING

6.0 Initrodudion

Electroplating is an electrochemiq~ pp:>.fess. for depositing d. tliip !~Yef or metal
on, usually, a metallic base. Objects are elegtrciplatedto prevent gcm1;0§ipn,Jo<>'bf"in.a
hard surface or attractive finish, to purify metals (as it1 the electrorefinulgofcopp~r), to
separate metals for quantitative analysis, or, as in electrotyping, to reproduce a form
from a mold. Cadmium, chromium, copper, gold, nickel, silver, and tin are the metals
most often used in plating. Typical products. of electroplating nlff sily~fIplated

tableware, chtomipni-plated aitomobile acc.essories,. and tin-plated foqd contaiuers:

In the process of electroplating, the ~Rj~ql to be coated is p}ac~diu a)sC)lution,
called a bath, of.a salt ofth<;! coating metal.,.a:tiq.Jsconnectedto thepegi:1.Jiy¢termitiabf
an external source of electricity. Another conc;lu,6tor, often composed 6fthe coating
metal, is connected to the positive terininal 6f the electric source. A steady direct
current of low voltage, usually from 1 to 6V, is required for the process. When the
current is passed through the solution, atqms ofthe plating metaljl¢pgsif i>llt pf the
solution onto the cathode, the negative eleett~g~,<J'lleseatoms arerepl~$~p'intl1~ b~th
by atoms from the .anode (positive el~ctp().cle), ifjt .is composed of the same metal, as
with copper and silver. Otherwise they are-replaced by periodic additions ofthe salt to
the bath, as with ~old .and chromium. In either case an equilibrium betweeii the fiietal
coming out Of solution and the metal entering is maintained until the object is plated.
Nonconducting materials may be plated by first being covered with)ia c6:iiductmg
material such as graphite.. Wax or plastic patterns for electrotype and)re66rding--disk

matrices are coated ill this manner.

To ensure a strong and close bond between the object to be plated and the
plating material, the object must be cleaned thoroughly by dipping it into an acid or
L '
. : . NE AANE A ) .
caustic soluti~n, or by making lt e” e a cleaning bath for an instant. .To
eliminate irregularity in the depth ofthe plate, and to ensure that the grain at the surface

ofthe plate is 6f good qualify and condu.civefo péli,shing,the current density (amperes



per square-foot of -cathode surface) and temperature must be .carefully .controlled;
Colloids or special compounds are often added to the bath to improve the surface

uniformity ofthe plate,

6.1 Cadmium Plating

Electrodeposits of cadmium are psydiyxtensively to protect .steel apqpast ifqll
against corrosion. Because cadmiumis anqdic to iron; the underlying.feq-ous i~tal
protected at the expense.Of the cadmium plate, even though the cadmium becomes

scratched or necked, exposing the substrate.

Cadmium is usually applied as a thin‘ coeﬁng (less than 1 mil Pick) intended to
withstand atmospherlc corrosmn Itis seldom used as an undercoating :fofntliet metals,

and its res1stance to corros1on by most ehemlcals is Jow. It is frequently used to coat

parts and assembhes thatzjare made up o ’d1351m11ar metals because of its ability to

minimize = galvanic corrosion. Its excellen, solderablhty is advantageous mn many

electrical applications.

Most cadmium plating is done in cyéhide"baifhs, Whieh ;genefé]i}{ii;e{ Iﬁﬁde'up by

dissolving cadmium oxide in a “adium cyamde sd}ﬁtion.' Sodium cyanide provides

conductivity and makes possible the corrﬁmﬁnoffhecadrmum anodes.

6.1.1 Cyanide Baths

Compositions and operating conditions of four cyanide baths are ‘g‘fven:nl Table
1. Note that for each of'these baths a ratio .of total sodium cyanide to cadmiuillmetal is
indicated; maintenance of the recommended ratio is important to the operating

characteristics of the-bath.

6.1.2 Anodes

The anode system for tadminm pﬂ@’ﬁm& from a cyanide solution consists of ball-

shaped cadmium anodes in a spiral cage of bare SteeL The spherical shape provides a



large surface area in relation to weight, without a large in-vestment in cadmium. Ball
anodes also make it possible to maintainJill approximately constant anode area, and
little or no anode scrap, is produced Cadinium bails are usually 2 in. in diameter and

weigh 1%. 1b per ball.

If a cadmium cyanide solution is to be left idle for an ext~ucfedfrp~riod of time
(say, for a week: ot more), the steel anode cages should be removed.from the solution,
because the galvanic cell set up between the steel and the cachniuin anug.es will

accelerate chernifahdissolutionofthese anodes when the current is off.

Anode rod

- ~Work rod
e /—Anoﬂe rod

-Insulator
- support

-Holder for
t>al
anodes

FigurelO typical still plating tank with spiral steel holders for cad:oiiun:fba.ll

anddes

6.1.3 Bath Temperature

: TypiCal operating temperature ranges fk(f)\\'r:kcyaMidwand fluoborate baths are given
in Tablé 1. In general, satisfactory platmgresults ‘are obtained by controlling bath
temperature with.iri +5 °F during pleting, when gréatefrprecision is required, temperature

should be controlled within+2 °F.




Table 2. Typical compositions and operating conditions of cadmium plating solutions
Gy
& T o
— G I ==, QO — 1'. <
. B e e
I§8 wn=O 1 = —
O"n_.v. & c o= :-
| [ % 5 iz i 100 lom .0 3 as £ Soh Yo For use in still tanks, CGood el
clency, falr throwing power, Also
. B used in bright barrel plating,
s ool &6 1G5 [ SHE Eo Helo Ele] boss =& Soeh So For use in still tanks end automatle
. plating, High agﬁum ower, uni-
form deposits, falr effelency, Not
B for uss In barrel plating,

5 40108.0 56085 S5 T Ngs Primarily for use in still tanks, bui
can be used in automatic plating
and baivel plating. High efficlency

. and good throwing power, _

4 ... 4ftol 550 sif 401060 Sonlo So St Used for plating cast lron. High

_ speed end high efilclency. (e)
: Fluoborate Solution
Cadmium Cadmlym Ammonium L ;
fluchorate  mets]  fuoborate Licorics :
6 - .. .- 3320 - 1260 8.00 0184 30to 60 T0t0100  Widest uss s for barrel plating. (f)

() Metal-organic agents are added to cyanide solutions to produce
fine-grained deposits. The addition of excessive quantities of these
agents should be avoided, because this will cause deposits to be of
- inferfor quality and to have poor resistance to corrosion. The addition
~of these agenis to solutions used for plating cast irom 18 not
recorpgended. S

(k) Bodium hydroxide produced by the cadmium oxide used. In barrel
plating, 1 oz per gal is added for conductivity. (e) Bodium carbonate
produced by decomposition of sodium cyanide and absorption of carbon
dioxlde, and by poor anode efficiency. Excess sodlum carbonate causes

anode polarizaiion, rough coatings, and lower efiiclency. Hxcess sodium
oﬂwwgg may be reduced by freezing, or by treatment with calelum
sulfate,

{(d) For uniform deposits from cyanide solutions, the use of a current
density of at least 20 amp per sg ft I8 recommended, Agitation and

-eooling of solution sre required at high current densities. (e) Agitation

and cooling are required when current density 1s high (above 20 amp
per 8q ft), () When used for still plating &t high current density, air
or mechanical agitation is desirable, Excellent for cagt lron parts without
deep recesses., Adsptable to plafing of strip and wire,




6.1.4 Equipment

Considerations specific to the operationvof cadmium cyanide baths in
conventional plating equipment are discussed here; with attention, to the materials of

construction employed.

Usually, unlined Steel tal¥(S are,USt:d for Cadmiumplating; ho¥ver. .., steel tanks
with rubber linings are useful in<preventing stray tank currentsRubber and plastics
used for tank linings should be tested for w,ﬁpatibiﬁtaiwith the platmg» bath, to prevent

contamination from constituents ofthe lining.

Filters and cooling'coils also may be made of steel. quupment for fume control
is seldom used unless required by local ordmances, Typlcal tank arrahgement is shown

in Fig. 1.

Barrels may be made of hard rubber, polypropylene acryhc resms or phenol—
formaldehyde or melamine-formable- hydeIamlnalIns, or of expanded or perforated sheet
steel coated with vinyl plastisol, The plastisol coaﬁlng is about 1/8 1n thick and is
resistant to the standard barrelplating solutions and‘temperatures. Usu?lly, doors and

wall ends are ofthe same material.
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6.2 Zinc Plating

Zinc is anodic to iron and steel, arid therefore offers more complete protection
when applied in thin films (0.3 to 0.5 1@)thinn similar thickii¢ss¢s gfp.iglgelJind other

cathddic coatings.

Because it is relatively cheap and readily applied in barrel, tank or continuous
plating facilities, zinc is often preferred for coating ferrous park when protection from
atmospheric and indoor corrosion is the priniary objective. Normal electroplated zinc
without subsequent treatment becomes duU gray in appearance after exposure to air.
Bright zinc that has been subsequently given @ bleached chromate conversion coating or
a coatin_g of clear lacquer (or both) is sometimes used as a decorative finish. Such a
finish,. although less durable than heavy .nickel-chromium, in many instances offers
better corrosion protection than thin coatings of nickel-chromium, and at much lower
cost. Plating of zinc on gray iron and malleable iron presents serious operational

difficulties;cadmium is usually preferred.

6.2.1 Plating Baths HA

Several cyanide and acid baths are suitable for zinc .-4--=::
Darts.. Although the fluoborate acid bath., is recommended for uinict vi~Liig

superior to the other baths for plating cast iron, at higher f.iinent so.prim,

used also for automatic plating or for millproducts. st
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Table 3. Cynide zinc plating baths in which zine cynide is the sourece ofzinc

metal

'hé\:m mathod

Countltuent or condition or automatic i

Composition Rant,1..0.z per Gal(it.)

201 °y an19~$~) < essnnenes (i H 8101l
(Zinc metal equivalent) eeseveverenr (44 f06) (441tbo)
Sodium cyanide . ereee, L vrrieeeeiee 32.108.8' 4.3't0 8.8
(Total sodlum cyanide) (c) +reereee (1191918 (11.0 to 18)
Sodiwn hydroxide ¢ 1ee eeeiee veee ~ILL.. 10t0J2
SOdTum polysultlde(d) eeeeeeeees eoees 0.2 0.2

oLietitinieconatttont
Ratio of total sodium eyanid~ to zinc. ' 27”'to"1t0 0T >25080,00 t0 3-t0.-1 2-t02 f0 %.&'to,,l;

Currerit, densn, amp persq ft'........ I Q. 15tD 60 0UJ100.
Voltale: . oee ppq 124,15 6 P
Te?Qpe~tu1.e, F Sb e eeeseee oL (RS 68 10 95 90to120

6.2.2 Process Control Variables

The operating characteristics of cyalnide zinc plating baths depen.d On current
density, on anode material and purity, and Qirfiieyariables that affect cathodeefficiency
m.unEhl/_,, bath temperature, cyanid~-to-meta,,1J~tio,-and content of zinc metal and sodium

hydrox1de. The SOdlurn carbonate and sodiiiti1 ferrocyanide normally present  cyanide

baths éause httle or no trouble

If nece. s, <\" netfi e te may boe reduc. t AF“ .O\una'l' " ]
ll‘d "

6 oz per gal by chﬂlmg the bath to 25 F, orltlnay be precipitated by chemlcaltreatment

. ‘.

with calcium or barium hydromde‘ Procedures for chemical analysis of cy~de zinc
plating baths to determine zinc metal; total sddium cyanide, sodium hydroxide, and
sodium carbonate aredetailed inthe Appendix'tothis article.

Cyanide. zinc solutions are less efficiefiitithan cyanide cadmium isolutions and

produce a greater degree ofhydrogen eirbitt:e:rment.

6.2.3 Anodes

Zinc anodes are available as 4, balls and elliptical bars. Ball anodes may be

spherical, flat-topped or bell-shaped; flat-topped are the most popular, being less readily
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confused with- spherical cadmium anodes, 'Zinc ball ‘anodes are held in a spiral steel

cage.

Three grades of zinc are used for an-odes, namely, Prime Western, Intermediate,
and specialHigh Grade, with.zinccontents-0f98.5%, 99.50% and99.99%.tespectively.
Best plating results are obtained with the use of the special High Grade,” which has a
typical compositionof99;993 Zn, 0.fl031 :Pb,0,0017 Cd, 0,0010 Feran.dar-traceOlr.

Because =zinc anodes dissolve chemicallY as. well as electtochernically'iillhe
bath, the effective anode efficiency is frequently higher than 100%. Cathode
efficiencies are substantially lower than 100%, so that the zinc metal content ofthe bath
will increase if dragout is not sufficient to oO:ffset>tfiis trend. To avoid buildup in metal
content,. anodes should -base- moved from the bath if operations are suspended for more
than three or four days. The- zinc metal content in the bath caribe controlled by
adjusting the ratio of zinc anode area to insoluble anode area. Proprietary anodes
containing small aitiounts of aluminum or magnesium are available t6 decrease the

solution rate of zinc and thus assist in contrdUing the metal content.

Because of the faster rate of chefili.calsohition of zinc and the 16wef cathode
efficiency of the cyanide zinc bath, insoluble (steel) anodes are more widely used in
cyanide zinc plating than in cyanide cadmium  plating. Prolonged use of insoluble
anodes;' however; increases the sodium carbonate content, which ultimatelys niust be

reduced in order to maintain the composition balance of the bath.

6.2.4 B.ath Temperature.

For any given bath formulation, low operating temperatures decrease electrical
efficiency and increase brightness of. deposit and throwing power, and high
temperatures increase electrical efficiency and decrease throwing power and brightness.
For most applications, bath temperature should be.below 95 .F. Higher temperatures
result in excessive decomposition of sodium cyanide and organic brightening agent.

Unless higher . current densities and higher free-cyanide values are employed, the -Use of



temperatures above 95 F adversely aiteets throwing power of the bath and produces a

frosty white, rather than a bright, deposit.

6.3 ClJadmiu.miand Zinc Compared

Except for differences in plating baths.and in such operation:1 details as current
density and rates of deposition, cadmium and zinc plating are essentially similar

processes. Reference should be made to the article on cadmium platili.g for a detailed

discussion of:
1 selection of method (stilltank, barrel, automatic)
2 Plating equipmentfor the three methods
3 Equipment maintenance
Pre-plating surface treatments
Processing steps J
6 Rinsing anci drying after E?JGJétig
7 Post-plating treatments. |

Exceptions with respect to equipmentand processing are diaarihed below.

6.4 Chromlum Platmg

Chromium plating is a protective decorative coating nsystem" in which
outermost layer is chromium layer usually is applied over combinations of plated
coatings of copper and nickel. The function ofthis system is twofold: (a) to provide the-
basis metal with protection against corrosive environments; arid (b) 10 maintain in

service, an appearance conformingt0 an agreed-on standard.

Because it is difficultto obtain dense and pore-free electrode:pdsitsdfchromium,
and because the plated deposits lack sufficient ductility to remain free 6f discontinuities
during service, parts that are to be chromium plated must first be given a pore-free,

continuous undercoat of a more ductile metal with good corrosion resistance. Nickel
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meets this need better than any other metal or alloy that is feasible to plate. However,
when surfaces plated with chromiumovef\nickel are covered with an electrolyte (salt
water, for example), the nickel slowly corrodes under discontinuities in the chromium.
To protect tlie' more anodic substrate -metal from corrosion, thicknesses~f0r nickel
ginif~lly i-atlfe from at least 0.3 mil (:rof indoor service) to as mUChas2(rruls (for
outdoorse1-"Vi.te) Chromium thicknesses sf&o6rC)r 0.02 mil a:r~-11orliiairdPa~cOfative
finishes; minimum thicknesses of 0.03 to abd'ttt U.08 are appropriit~><[0l-" di.i:tibi~

decorative coatings.

6.4.1 Chromium Bath Compositi.():n.

Sometunes referred to as the !19tg~gry'' puth, the oldest type of 'hrommm

plating bath used for decorative plating consists of an aqueous Sthmn of chrormc
anhydride (Cr03) that also contains a small airi6iliit of soluble sulfate ‘(804),‘adde'dfas
sulfuric acid or as a soluble sulfate salt such as>sodium sulfate. When diS‘s;leed n
water, the chromic anhydride forms chro:tniC icid, which is believed to exist 1n the

following equilibrium:
HyCryO7 + Hy0 2 € 2H,CrOy

Wpg tti<> p:fichu-onric. acid to sulfate: } giepefallgivenas the Welght ratlo of CrO,
to S04, gove:fiis |]J.e .ctitren.tie: fficiencyori cl:u-9:n:1ipin *metal .degmﬁxtﬂﬁ{ht,;the ;cathode,
The cathode current efficiency is affe~{ed”also/ by solution wariables such as
concentration of chromic acid, temperatp:rie;\luid .content of metallie;ilnpu;fities;;The
content of metallic impurities is an impgrtw:iticonsideration from the standpoint of
commercial operation, because excessivelyhigh content of metals such-as copper, iron,
zinc and nickel will seriously affect bath. coll;ductivity, cathode c;utr~-it efficiency,
throwing power and covering power, even though the ratio of Cr03 to S04 as

determined by solution analysis may be within optimum limits for the application.
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6.4.2 Temperature of Chromium Baths

All chromium plating solutions require precise balance among temperature,

currenfdeilsity, and solution composition. The exact temperature atWliirihbright, milky,

frosty or bu mt dep051ts oce.ur depends on. s.0. lutipn composition aif:

=), - 1)

L ell dens1ty

chromlum plating is normally done at 100 t0140°F 115to 125 °F:i~t~eitl 1~stc~Illll lon

operating range At room temperature, the brightplating range is impracticablynarrow.

In a process set up to plate at 120 F, with all variables properly controlled, the
temperature need vary only Sor 4 °F, up or down, to move the electrodeposits out ofthe
clear, bright ningt. .ponsequently, an.accur!!ejfli;perature controller and facilities for
rapid cooling and heating of the bath are essential. Variation outside the +3 °F range
may cause an unacceptably high rejection rate or may necessitate costly stripping and

replating operations.

6.5 Nickel Plating

Nickel plate, with or without an underlying copper strike, is 911<{ of the oldest
protective-decorative electrodeposited metaj.1.ip (coatings for steel, 1:>r~~§arid other basis

metals. The first applications of nickelpla.t¢ w~re f0:fstove and bicycle cofupdnents.

Unless polished occasionally, nickeli‘piéite will tarnish, takirig - a yellow color
during long exposure to mildly corrosive atmospheres, or turning green on severe
exposure. The introduction of cpromium plate in the Tate 1920's overcame the tarnishing
problem, and led {0 a great increase in the use ofnickel, fis a component of protective-

decorative coatings, in V?fiouscombinations.with copper and chromium..

The principal present uses for nickel plate without a subsequent chromium

deposit are discussed here.

Electrodeposits of nickel possess a wide variety of properties, depending on
plating-bath composition and operating conditions. They may be classified according to

application or appearance as general-purpose, special purpose, black. and bright.



6.5.1 All-Chloride Bath.

The principal advantage of the ' all-chloride bath is its ability to operate
effectlvely high cathode current densities. Other advantages Include high
connectivity~ better throwing power, and less tendency to form -nodular growths on
edges, to pit, or to fortn nonadherent deposits if the current is interrupted. Deposits from
this solution are harder and stronger than those from Watts's solutions. Compared to the
Watts solution, the aU-chloride bath has two major disadvantages: (a) the lower
ductility and higher stress of its deposits! and (b) the rapid rise in solution pH- Lead
cannot be used in contact with the an-chloride solution, and fumes from this solution are

corrosive to the superstructure, vents and other plant equipment if not well protected .

Table 4, Composition and opefétiOﬁ of three decorative nickel platmg

baths.
.Tyle[e of bath .
gonstlt ent ., .. Modlfle~  High-.
r conditlon Watts Watts chloride

Basic Composition, OZ per Gal

Nickel sulfate ..... 30-50 40-50 8-10
Nickel chloride .... 6-10 15-20 30-40
~oric acid ........ 5-7 5-7 5-'1

Operating Con.utions

Temperature, F ... 120-160 140-160 140-160
CUrrent density, amp per sq ft:
Anode ........e. 5-24 10-30 10-30
Cathbde(a) ... 20-50 20.100 20~100
Agitation ......... b) (b) (12
pH (electrometric). 3.0¢4.5 3.5-4.5 3.5-4.5- .



6.5.2 Anodes

TA chill cast anode containing 99% Ni came into acceptance with the
widespread use of the Watts bath; subsequently, a rolled, depolarized anode was
de"elope~ that contained small amounts ot~ckel .oxide but. reta~e~ a~~~\~i content.
Rolleclcl.epgl~~edanodes are commonly used in high-pl.Ibaths, although they may be
used throtighdutthe entire pH range of nickel plating solutions. ~ avoid the formation
of nodular deposits, these anodes usually are covered with cotton 6r syn.tlietic~fiber

anode bags while in use.

Cast or rolled "carbon" anodes (99% Ni anodes containing about 0.2% C) inay
be used in baths with a pH of 4.5 or less. Although they are capable of forming an
adherent carbon-silicamm that retains loose anode-particles, they are normally covered

with atidde bags during use, to prevent the forination ofnodular deposits.

Virtually Ml nickel anodes made today are of high purity and contai:rlaminimum
of 99% Ni, the remainder consisting of varioiis elements added tO prevent anode

passivity and to assure uniform solution into- the plating bath.

The selection of suitable material for insoluble anodes in nickeLplating depends
primarily on the composition and operating<characteristicsof the plating.bath. Lead, In
wire, rod, or sheet form, Is a suitable anode 1na.terial provided the solution does not
contain chlorides. Under conditions requiring an alternative material, bothw:rought and
electrolytic riickeFhave perforrned satisfactorily. When chlorides are presentinthe bath,
the most suitable anode materials are carbon or platinum; platinum may befiisélid form
or may be clad over titanium or some other material. Because the use .of insoluble
anodes depletes the nickel content of the bath, adequate provision must be made for

replenishment ofnickel.

Bath temperature variation in the operating temperature of a nickel plating bath
can have a marked effect on the properties or electrodeposited nickel. To obtain
consistent results, the temperature of a nickel plating bath should be maintained within
i5 "F of the recommended temperature for a given application. In general, most

industrial nickel electroplating baths are operated in the range of 100to 140 F.



Electroplating bathsl such as the-stibllinate and fluoborate hiths that contain
highly soluble nickel salts may be operated at temperatures as low as 100 F without
adverse effects/ The higher nickel concentration obtainable with these salts makes it
possibleto produce S.ound~ ductile, f0"7-S~~SS<~~posits at lower oper,atin~ ter~1p~r~tures
than those required in plating baths corn-posed of nickel chloride.and nickel sulfate.
Baths composed of the less soluble nickel salts must ordinarily be operated at higher
temperature, usually from 120 to 140 t inofd.er.to yield sound deposits atrapid plating

rates.



CHAPTER VII
VIL METALLIC COATING PROCESS

7.0 Introduction

Relatively thin coatings of metallic and inorganic materials can provide a
satisfactory barrier between metal and its environment. The chief function of such
coatings is (aside :froin sacrificial coatings such as zinc) to provide  effective barrier.
Metal coatings are applied by electrodeposition, flame spraying, cadding, hot dipping,
and vapor deposition. Inorganics are applied or formed by sp),"ayliig, diffusion,

chemical conyersign. Spraying is usually f~llowed by baking or :firing at elevated

tCNNt:l,f>,f0tal ~atings usua11y0¥liibit NN.” ‘f(v)rmability, ~~.~tt;;anics
are brittle. In b~th cases a complete barrier must be provided. Porosity or other defects

can resulty in accelerated localized attack- on- the basic metal because of two-metal

effects.

7.1 Aluminum Coating of Steel

Aluminum coated. steel products may be classified with respect to their intended

service'as follows:

1. Products. for "Yhichthe prin.w'Ycpup~11.1. isJftilization of the I:>el.~:fipi<IXJ:71-9p~1-ties
of aluminum namely, good corrosion resistance, bright metallic appearance,
receptiveness to finishes,high re:tlet:.ti}ity, and good electrical col 1dtfotivity

2. Products for whichJhe behavior of.the aluminum-iron I11t~fa.pig]. c2inpound is
relied upon for resistance to oxidation, scale formation, and abrasion, and for
high hardness.

3. Products for which the primary concern is to use the material as steel with a
protective coating to obtain the mechanical properties, forrna.bility:-8Ad reliability
of steel for .low-ccst nonrusting products to which :finishes peculiar to aluminum

surfaces tan be applied.



Methods of applying aluminum coatings include hot dipping (batch or
continuous), pack 'diffusion, th~ slurry process, metal spraying, cladding, vacuum or
chemical. vapor deposition, c4ld electroplating.; ' Choice of method is determined by
composition of the basis metal, application ofthe coated prdduct, size .and shape of the

product, production voltime, and cost.

Two important factors il successfi.Ueda.ting by any niethocf dl€ (a) ptbper
'ptepatatior:1 of the steel surfa.ce;and -(b) cotifrolof the formatiori.'a:1:1.d gfo-wt:liiorllie
intermetallic compound -of alun.Lii;nun and---ifonthat forms-eat tlie>niterface>of fiie
aluminum coating and the steel substrate. Althotigh there are many possible mefiiods of
preparing the surface, the method selected inust remove the iron oxide/scale, either
mechanically or chemically and also remove adsorbed moisture and gas :from the

surface. Growth of the iron-ahiminum interracial layer can be /merlled by sihcon

berylliuiii or c~o1mni~ presente.ither.~ t~e\~t,,1.0r in the alum]num coatmg Also 1n

some applications, a very thin phosphate [llll will permit bonding and hmder gr()wth of
theuiteffatiaifayer.

7.1.1 Applications
Aluminum.coated steel products areesuccessfullyused in Mmswe and 0X1dlzmg
environments in which the temperature may range :fromthat of out door exposure to
2100
Atmospheric Exposure. Borne 0f the corrodents encountered in outdoor exposure are:
I. High-Sulfur-content industrial atnidsphetes

Nitrafe;.phosphate chemicals :froin fertilizers and manures in ru:raJ!atffidsph.eres

Salt compounds used for ice-reniovaicin streets and roads

Eall

Organic acids in road Wastes

Alumirium coated steel products exposed to severe industrial environments
particularly products such as pole-line hardware, corrugated roofing and siding, and
prefabricated steel buildings -have been found In excellent condition after ten years.

Galvanized products in the same applications have "red rusted" in less than four years.



Examples of outdoor applications of aluminum ¢oated mild steel are given In
Table 1; in general, these applications relate to designs requiring the l-p:fh modulus and
strength. of steel but- with the 'corrcsinncresistaniee  of alumimini; Fériparts made of
fabricated sheet, the .design must allow-for/.the bare sheared edges:<.A.lsd;aluminum
coated steel-fasteners should be used to maintain the appearance and structural integrity
of an assembly, only heavy aluminum coatings (9 to 15 mils thick) are recommended
fOr nse ii:l environments of continuous condensation or for immersion it liquids: thinner
coatings are subject to pitting attack, which perforates the coating and cerrodes the basis

metal.

7.1.2 Procedures and Control.

Most commercial hot dipped aluminum c9ated steel strip is produced on
continues, anneal-in-Line equipment s:irpilar to that used for galvanizing. The process
consists essentially of three operations; surface preparation, heat treatment of the steel

base, and aluminum coating.

Surface preparation is a two-phase opetatioll: first all soil is remoVed.frofii the
surface by oxidizing at elevated temperattire Or Hy chemical clea:umg second, the

surface oxides are reduced in a suitable atmospheres.tosprepare the strip:fotcoating.

7.2 Hot Dip Tin Coating of Steel

Hot diptin>coatings ar¢ appliedto iron arid steel for one or more of three mam
purposes: (a) f0 p:rovide a nontoxic, :protective and decorative Coéiﬁhg for food-
hand.ling, packaging, and ¢lairy equipment: (b)to facilitate the quld&ﬁmg of a Variety of
compénenis  used in electronic and electridaj.)equipment; and (c) to aésist in bonding
another metal to the basis metal, as in the tinning of cast iron bearing .shells prior t0
lining with lead-base or tin-base alloy, The usual thickness range ofhofdip tin coatings

1s 0.3 to 1.5 mils.



7.2.1 Cleaning Before Hot Dip Tinning

Iron and steel parts must be free of oil, .grease, drawing lubricants, mil scale, and
other sttrface\contaminants before fluxing and immersion in molten tin. Inadequate or
improper surface preparation is a frequent cause of poor adhesion and other defects in

hot dip tih<ISdatitigs.

7.2.2 Fluxing

Fluxing facilitates and speeds the:reaction of'molten tin with iron or stee4tthus
promoting the formation ofa' continuous thin?laye:¢ of tin-iron ot6thetintermetfilli9
phase on which the.liquid tin coating can spread .inan even, smooth; coritii.tidusfilin. In
hot. dip.tit:1:uing,>fluxes may be used in three different ways. (a) as aqueous solutions in
which the work is dipped before it is immersed in the molten tin; (b) as a molten layer,
or cover, on top ofthe niolten tin bath; and Cc)a.s.a solution or paste, or as an admixture
to tin powder, that .is/applied to the surface .bfthe work prior to wipe tinning- The
conipositioris offour aqueous flux solutions/arid of two molten flux >utiisl are given In

Tables I and 2;,respectively.

Table 5. Composition offln.xsoli:ttidus for use in hotdiptinning

Constituent Solution A SolutionB ~~ Solution €~ Solution D
Zinc chlprl~, v, ' oseoe 0 Ll 2~ A 40
Ammonium éhlorlde Loveee oo D~ 3 )
SOdum Chlorlde lb.ll:llllltll If 101 t1 tI H 6 |
S tAMIOUS, chlorlde booeey .o o opoiea. . " )
frochloric acid'(Conl gridel 28, ﬁbz 13~ 18 98 06

WR gal 0000 00 000 00 0T 000 I'Zmax 17 12 19



7.2.3 Timimg Methods

Single-Pot 'finning

- ,Si'ngle-pot tinning is frequently empfoye;:clto obtain a coating. preijm:inary Jo
bonding or soldering, or to coat 'workpieces thiit do not require tie highestQufl,gtyOf
finish. The process involves d single immelisioli' of fluxed workpieces in a molten tin
bath heated to 535 to 615 F. The average operating temperature ofthe bath is about 575
F. Upon withdrawal.from the bath the sur:ra8~\ofthe work may carry Spots of flux,

which must be removed by suitable washing...

Two-Pot Tinning

R

Two-pot tmmng COfISiStS Of dipping the W()fk first in a tin bath with 2 flux cover
and second in a tin ba~ covered with oil<rR/ifOtt~n grease. Th~ PXOQCSS;iS, used to
develop high-quality heavy coatings and off~r~tij~.lollowing advan,tfages over single-pot

tinning:

1 Metal In the second tmnmg pot can be kept lower in Iron content than that in the

first pot, .because N0 r~active tinr:fiijg. inyolving iron takes place during the
second dip; thus, final coatings .areJo\\7 iniqontaminants. .

2. The final dipping temperature can li~ adjusted to suit the thlckness or coatlng
required and tile type ofarticle process~d

3. Flux residues entrained on the work from the first dip are absorbed into the oil
cover ofthe second dip.

4. The finished work retains a thin mm or oil that protects the coating during

shipment and storage.
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Three'Pot Tinning

In this process, after two-por.ainning .as previously described; the work is
immediately transferred (while the coating is still molten) to a bath of hot tallow or
palm oil. This promotes drainage of excess metal and encourages the formation of a
uniform coating of economical thickness and :free from tears and drips. Three-pot tin-
fling is especially applicable when handling articles of complicated, recessed or re-
etitranf shape, from which drainage of excess metal is difficult. It may also be employed
for liglit-g~gework, on which the naturally rapid cooling would entail the production of

too-heavy coatings in the two-pot 1nethod.

Sal Ammoniac Tinning

This process is a. form of single-pgfl~S?  in Which@ high :ﬂt:i:l‘mi\n\gl\‘tcmperature

is used. It is particularly useful for light-gage steelarticles.
Grease Tinning

In the original method of grease tinningr}nolten tallow or palm oil is used in
place of zinc chloride flux. This avoids any.riske of the presence of corrosive flux
residues on the :finished work and reduces the rate of acsraigss~ Of tin-iron
corripound in the tinning bath. Performed by. >skilled operators, the original process
yields wotk Ofve:ry high quality. However, it has the disadvantage of being rather slow,
because tallow or paliti. oil alone is not a very fast-acting flux and the work must be
immersed a relatively long time before it Is properly tinned. To inesiwswe OUt-put, it is
common practice to shorten the rough-tinning operation either by using a chloride flux
in conjunction with the grease or by using molten grease dip after collventionally first

tinning in a flux-covered pot.

7.2.4 Equipment

Hot dip tinning installation requires equipment for cleaning, pickling, fluxing,
and tin dipping. An efficient ventilating system also is required, because fumes of some

sari are produced at nearly every stage of the tinning process. Because the equipment
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requirements for cleaning and pickling operations, such as vapor degreasing, solvent
cleaning, alkaline clearing, emulsion cleaning, abrasive blast cleaning, and acid
pickling, are dealt with in separate articles-in this volume, the following paragraphs

consider only the equipment required for fluxingand tinning.

7.3 Hot Dip Galvanizing

Hot dip coatings are applied to metals by fuwiersingthem in a nidltep.inetal bath
of low-1neltingfpointinetals, chiefly zinc, tl11ilead, and aluminum. H6t/dipping is one of
the oldest methods for coating with metal, Galvahized steel is a ‘popular example.
Thickness of the coating is much greater than electroplates G very thin dip
coatings are difficult to producte. Coated parts can be heat-treated to form an alloy bond

between the coating and the substrate.



CHAPTIfR Vil

VIIl NON--MtTALLit COATING PROCESS
3.0 Introduction

- N métiéihccoating include phosphate coating, chromate conversion coating,

pan‘tmg of steel and cast iron, rust pteventive compounds, porcelain enamelin$,and

veramic coating.

8.1 Phosphate Coatlng

Phosphate c.oati:hg is the treatment of Iron or steel With:_?;;dﬂute“ solution of
phosphoric acid and other chemicals whetepy the surface of the metal, reacting
chermca]ly W1th the phosphm’lc acid, is converted to an integral, mlldly protectlve layer
of msoluble crySta]lme phosphatc

The wéighf and crystalline structure pftie gpating, and the extent of penetration
of the coating into the basis metal, can be collfrlled by the fiir*hiri of cleaning before
treatment, the method of applying the solution, duration pf treati:uent, and by

modification of the chemical composition 0f the phosphating solution.

The .methodiofiapplying phosphate coatings is usually detetl].1111.ed\by the /size
and shape of the article to be coated, smallitelllS, such as nuts, bolts, sc:;;¢'\Vs .and sn:ial.l
stampings, are coated In tumbling barrels irri:tjersed in the phosphating: solution,
whereas large fabricated articles, such as refrigerator cabinets, which.are difficult to
immerse, are usually spray coated with the solution while they are on.conveyors. Steel
sheet and strip may be passed continuously through the phosphating solution or may be

sprayed.

On the basis of pounds of chemicals consumed or tons of steel treated, the
greatest use of phosphate coatings is as a base for paint Phosphate coatings are also used

to provide. (a) a base for oil or other rust-preventive material; (b) lubricity and
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resistance to wear, galling or scoring of parts moving In contact, with or without oil (c)
a surface that facilitates cold forming; (d) temporary. or short-time resistance to mild

corrosion; and (e) as a base for adhesives In plastic-metal laminations.

8.1.1 Process Details

plic On of. a. phosphate coating normally corrlnprﬂises five successive
: nS (a)’éleaning, (b) rinsing,.(c) phOsphating, (d) rinsing, arid (e) chromic acid
’ri‘ns‘ing.“ Sbme of* these operations may be o¥Jitted, or additional operations may be
required, depe;nding on the., surface condition of parts to be phosphated ot on the

function ofthe phosphate cééting. Parts exemplifyingthese exceptions are;

1. Heavilyscaled parts, which may require pickling before cleaning

2. Parts with extremely heavy coatings of oil or drawing compounds, which may
require rough cleaning before the normal cleaning O.f>eration

3. Parts that are tempered in air or a controlled atmosphere before being
phosphated, may not require cleaning and rinsing before phosphating

4. Parts that are phosphated and later oiled for antifriction purposes; which may
haw the chromic acid rinse omitted, because corrosion resistanée 1S not

required.
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meeflonism

Fig.12
Typical immersion pitosphating tank for foltch coating of

which parts are loaded is shown. i~ immersion nosmon.

8.1.2 Phosphating Methods

Phosphate coatings may be applied a s-;irface by either immersion or spray.
Occasionally, a surfaoe may be coated by brushing or wiping, but these methods are

seldomused.

Innersion: All three types of phosphate .coatings zinc, iron and n:1an.ganese can
be deposited PY immersion. Immersion is applicable to racked parts, barrel coating of

smallparts, and continuous coating of strip.

In general, smaller parts are nidre ecotidripcallycoated<by ifininersiofr 'than. by
spraying; in fact, small parts (such as springs, clif-s! washers and screwsfth.av/are
prod.u.ced. in fa:tge volume can be coated efficientlyonly in ~ immersionsystem. Such

parts are loaded into drums that are rotated at approximately 4 rpm after they are

66



immersed in the- phosphating solution, (Small parts may. be plac.ed.in a basket and
immersed, without rotation, in .the bath for coating. This method generally is not
completely satisfactory, because- fio6 phosphate is deposited where<.parts contact each
other or the basket. It is.used, however, asa stopgap method orwhentvolumeisJooJow

to justify the use 6ftofii.ting.drums.)

Exhoust

1 Exhdusi
s

water T Cleon
 rinse

Chromate Water
rinse 1f\Se

Drying oven t

Load and 1.inload area

~VIEW r

Fig. 13

Typical layout ofa continuous conveyorized spray line for phosphating.

8.2 Paintlng6fSteel and Iron

Painting is a generic term for the application of a thin organic coatingto the surface
of a material for decorative and prot~ctive .purposes. Painting offers: the following
advantages over other processes that are used for the protection or decdtationeof metal

parts and assemblies.
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1. The equipment required for applying paint 1s usually less expansive to buy and
install, is simplerto operate, and requires less control.

2. Material and labor costs per square foot of surface coated o:fte;n are much lower,

3. Organic coatings art available in a wide range of pigments and vehicles. and can
meet practically any requirement for .color, gloss, or degree of smoothness or

roughness of coating surface.

Pamts haveebeen developed that can V&(Ii:;h‘stand most corr()ﬁi_\{e Mconditions, and,

.c many metallic protective coatings, :organic films can simultaneouslyresist

: more than one corrosive condition - for example; combinations of rrup:ine
atmosphere and acid fumes.

5. Conventional paint films have good dielectric properties, which enable them to

inhibit galvanic action between dissimilar metals. Conversely, paints are

available that contain special pigments toxf,‘};):rovide ‘cOn{iu tivity suitable for

grounding induced or static electricity. - .

- 8.2.1 Types of Paints

The géﬁeral terms "paint" and orgru;tlc coating are essentially inter-changeable,

and are used to designate certain coatings having an organic base.

Paint also is the term commonly applied to any of a specific class of materials

<

' :iglfl;le;nts dispersed in resins that are converted to relatively hard gels by

oxidation, polymerization, or solvent evaporation;-

Enamels are compositions of finely milled pigments (for coloring), inserts (most
often for glOsscontrol), and other additives, uniforinly disp~rsec;] in resins and solvehts.
These compositions yield a relatively smooth, hard coating, which may range from
highly glossy to matte (dead flat). Conversion from a liquid to a hard, tough film may

be through oxidation or polymerization

8.2.2 Selection of Paint for Specific Requirements

The>selectfo1 bf the proper' pairiffor an application is irrfii:1.encedprimarily-by

appearance " and ' fiitictional requirements; secondary considerations- -are*. surface

68



condition, size of parts to be painted, and paint.costs. Table | lists some of the resins
commonly .used in clear or pigmented organic coatings, andsindieates their favorable

charact¢ri$ticsangl. litnitationgg 5 guideto the selection of pai,nt

: L\ s = S s e eee . . . .
Table 6. Organic coatings commonlr selected for corrosion resi~tance in

various environments

.+ Types of toabings Typlual appitcattons

Nonnar Outdoor Exposure

i DAnts oo, covevr o vee e Buildings, vehicles, bridge~; ndaintemmce, :

~@S e vooss L O AR LI Trim-paints, metal ﬁmshes produet finishes
o-resin-m()dffled alkyds ©+++.+.". v, ..o+ Automotive, metal awmn%l aluminum siding

Nitrocellulose lacqqers eee..e..ee..e.ee.. . ++. Automotive, product :finis '

Acrylics +.vvvve v v oo oo e Automotive :finishes

Marine Atmcisphere
Alkyds, chlorliated rubber phenollcs vinyls,

vinylealkyds 'sseess erese 00 00 00 srrens Superstructures and shore,insba\tions'
/(l'Tl,,NveS<".4 o Lo TI s s t110l Jeanm @ Clear marme VBI'NShGS
Water Immersion
Phenollds .,..oucoerereenenc®ers . Ship bottoms

Vlnl 00 , (1] .‘.,O,I,...... Yy ey ,.',’,,’ S ttom

) Oeks
CUllorin.ated- -rllbt ORI Leeeeees®enn®..0.  Ship bottoms }sw1mm1n PQOIs
tTretlimflS- o0 o AR el lajeteate Ltiltltlll Cleal' m arlne varnisies

Chemieal Fumes
: xie‘ chlbrlnated rubber, vInyls, urethanes... Chemical-processing equ1pment
S Eltreme Sunllght'

v~1s-::! yooyy
Ac ""CS 1,000 0000 00 000 100 00000

smoore: salkyds swn.ee,.,,00, 000 -

Refrigemtors washmg machinesﬁ" i
Al conditioners ' e

) (200 F mu)

M tors, ping (260 F max

Skavn TR, roast.ers §4OO max)

Stove. parts, roasters (550 F max)
~lumJnum pjgmented pain~ (1200 F max)

8.2.~ Baking of Paint Ftlms

If the organic base of paint occurs naturally as a hard, dry material (as does the
bas¢;ofp11r¢\pytoxylinlacquers, for example), the coating is dry when the solvent has
cpn1pl~fely evapota.ted,.However, when the paint base is other than a hard material, a
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chemical action. must follow solvent evaporation, in order for the paint to dry

completely. This chemical action may be either oxidation (for air-drying paints other

than lacquers) or<ipdlymeriza.iion( fof baking erunm.els c6émmon] y used for product
fin{ShingJ.

", enne are polymerized by a catalytic action within the paint

the amine is the catalyst, is an example); these

where a tough, hard film is required but heat cannot be tolerated.

moiteeee  polymerization is accomplished by the applicatiop ofheat.

Heat is transferred by conduction, convection or radiation; Convection and
radiation are employed in ovens for bakirig paint; conduction takes place (In shielded
areas) only incidenta.lly. Convection-type baking ovens usually are heated by gas;
however, oil, electricity or steem also may be used. Radiation-type ovens may be heated

by gas or electricity, although'electricity is more commonly used.

i e
BeliH T RETURN

. Dirsct-tired © Indirsct-fired

i Fig.14
Direct~fi:iredand indirect *fired convection ovens, shown schematically to

illustrate difference in prineiples employed for heating recirculated air in the

baking ofpaint films.
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s~2.s Qualitye Control

After paint has been determined satisfactory by testing for ease of application,
appearance; and _performance,and standards have been established, it is necessary to
continue testii:ig the paint, as often as required by the qmility-control program
established for the product, to determiite its compliance with specifications, It is also

e$ééhf1al~ at tests I;¢ conducted to determinethe suitability 6fthe dried or baked film.

Testing of paints in liquid form or of dry paint
performed in accordance with methods described in ASTM 1. ws.uru
number of properties of paints or paint films and indic~tes

methods for determining them.

Air drying time is determined

Ovenz lrying tlme

of the reduced paint to a test

panel, letting the filin allowing the film o
specified time in an oven at the -specifiedbalong temperature.

from the oven -and cooled to room temperature. The paint should
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IX. CQNCLUSION

consl.aer~aole .,.nuni- Of basic knowledge about the fundementals of corrosion
against corrosion damage have been given in text
out that to prevent corrosion completely .in almost

the causes of corro.sion and

Electrochemical corrosion occurs continiously in ,...",..,,.

presence every special solution, For example corrosion of

valuable metal in the industry occurs in naturip.air . .ui-mmn

(water vapor) without protection, Iron turns .into red powder

Procedure applied to protect metals against corrosion
three groups. The first procedure is coating surface of metals

coating by applying electroplating tecnique. Some of the metal "+,,.....

resp

may be cathodic against iron.

protecting. The scratched or tom coating the steel.
8oating
ip o common
or galvanizing.

Third type protecticm procedures use non-m~tallic coating: materials such as
paints and rrrramcs,

In the practice cadmium platingisextensively-used to projectsteeland cast iron
products against corrosion. It is commonlyused to the surfaces ofmachi:tied elemerts.
Cadmium is relatively expensive, it has exeptienally high resistance ag~t  corrosion

but not agaitist chemicals. Chromium plating is hard and extremely high Corrosion

resistance andhas decorative look.
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Galvanizing in the oldest and most common and cheap method applied to steels
to protect against envfroninental attacks. Galvanized sheets, profiles, plates and pipes

are-used extensively for roofing, siding and water inshittation,

- 'Painting is less expensive, .decorative and -sin'iple
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