CHAPTER 11

CORROSION PRINCIPLES[21]

Corrosion Aspects

1. Definition of Corr "///
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Figure 2.1 Metallurgy in reverse
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2. Electrochemical Aspects

2.1 Electrochemical Reactions

The electrochemical na orrosion can be illustrated by the

attack of zinc by hydrochloric as isplaced in dilute hydrochloric
is evolved and the zinc

dissolves, forming a soluti ' i tion is :

Noting that thec 7 wolved in the reaction, this

¥ #lié acid solution to form
zinc ions and hydrogemigas. Exam guation, it can be seen that
during the reaction, zitic is oxidized to zinc ions and Hydrogen ous are reduced

¢ Y AR e .
to hydrogen. 'll'ﬁ ‘ﬁﬁc ﬁwﬂ‘ﬂ two reactions, the
oxidation of zing reduct m oge 5!
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Reduction (cathodic reaction) 2H" +2e - Hj (2.9

An oxidation or anodic reaction is indicated by an increase in valence
or a production of electrons. A decrease in valence charge or the consumption
of electrons signifies a reduction or cathodic reaction. Equations (2.3) and (2.4)

are partial reactions-both must occur simultaneously and at the same rate on the
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metal surace. If this were not true, the metal would spontaneously become

electrically charged, which is clearly impossible. This leads to one of the most

HCI solution

ic corrosion, the rate of

electron production and

consumption)

The above a zinc atom has been
transformed into a zin¢ jon and two electr sleCtrons which remain in
the metal are immed1 . action of hydrogen ions.

Figure 2.2 sho ﬁlﬁﬂﬁ %ﬁr tef;L clarity. Whether or
not they are ac ﬁl} n the surface does
not affect the abov ﬁij ‘fle of chrge comservation. Inasome corrosion

reactons the idao rcation ackbra-dnstombiylod the sutfish, While in other

cases it 1s l1oca1ized and occurs at specific areas. These effects are described in

detail later.

The corrosion of zinc in hydrochloric acid is an electrochemical
process. That is, any reaction which can be divided into two (or more) partial
reactions of oxidation and reduction is termed electrochemical. Dividing

corrosion or other electrochemical reactions into partial reactions makes them
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sipmler to under-stand. Iron and aluminium, like zinc, are also rapidly

corroded by hydrochloric acid. The reactions are :

Fe+2HCl — FeCl,+H, 2.5)
2A1+6HC1I — 2AICl; +3 (2.6)
Although at fir: it a@te different, comparing the
partial processes of oxida ion indicates that reactions (2.1), (2.5),
and (2.6) are quite s drogen ion reduction and they

in every case the ca -; dic reaction is the evolution of hydrogen gas according
to reaction (2.4 Tiiﬁ er acids such as sulfuric,
phosporic, hydﬁ] ﬁp ﬁﬁmﬁgﬁﬁ }iﬁl ‘311011 as formic and
acetic. In eacth case only the hydrogen ion ig-active, the other ions such as

slfte, &Wﬂeﬂaﬁaﬂ claiel 0, not] piigipit 18 | Jettrochemical

reaction.

When viewed from the standpoint of partial processes of oxidation
and reduction, all corrosion can be clallified into a few generalized reactions.
The anodic reaction in every corrosion reaction is the oxedation of a metal to

its ion. This can be written in the general form :
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M — M7 "+ne 2.9
A few examples are :

Ag — Ag?+2e 23)

Zn — Zn™?+2e

ion. |
stions which are frequently

encountered in metallic catodlc reactions are :

Hydrogen evolutior H, (2.4)

Oxygen reduction (4cid§otation ns) 4H +4e—2H,0  (2.11)

LTS

Oxygen reducti 1 (
or basi '

e ‘ﬁfﬂifﬁww%’% s
“ﬁ XEInsal a3 fidhdy ¢

ydrogen evolution is a common cathodic reaction since acid or

t' 40H (2.12)

acidic media are frequently encountered. Oxygen reduction is very common,
since any aqueous solution in contact with air is capable of producing this
reaction. Metal ion reduction and metal deposition are less common reactions
and are most frequently found in chemical process streams. All of the above

reactions are quite similar-they consume electrons.
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The above partial reactions can be used to interpret virtually all
corrosion problems. consider what happens when iron is immersed in water or
seawater which is exposed to the atmosphere (an automobile fender or a steel

pier piling are examples). Corrosion occurs. The anodic reaction is :

27)

&t contains dissolved oxygen.

¢ cathodic reaction is :

Fe — Fe?+2e

Since the medium is expo:

Water and seawater are ne:

0, + 2H,0 + 4e

participate in the reaction,
and (2.12)

Remembering that so

the overall reaction ¢

2Fe + 2H,0 + O; | F OH)2 § P19

Ferrous hydroxide  precipitates f olution. However, this compund is

unstable in oxygena ‘f;i s ferric salt ;

R ﬁﬁ*’i’"ﬁ ﬂﬁ‘%“% 9175

The ﬁnaﬁroduct is the familiar rust.

AN IUNAIINYIAY

e classic example of a replacement reaction, the interaction of zinc

with copper sulfate solution, illustrates metal deposition :
Zn+Cut2 — Znt2+Cu (217)

or, viewed as parial reactions :
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Zn — Znt2+2e (2.3)
CutZ+Ze—>Cn (2.18)

The zinc initially becomes plated with copper and eventually the products are

copper sponge and zinc sulfate soluti

During corrosio _more than 6n&n and one reduction reaction

TTT—— . &
- ent metals go into solution as

may occur. When an alloy
their respective ions. Me e reduction reaction can

occur during corrosiongCons ' ‘ zinc in aerated hydrochloric

1 Fig. 2.3. On the surface

reactions. Since the rates of

reduction of oxygen.

of the zinc there are

oxidation and reduction mng the total reduction rate

increased the rate of zine s@ en

e,‘acid solutions containing simply

provides a new means of “ ele sal.” The same effect is observed if

l.:l “ il

Figure 2.3 Electrochemical reactions occurring during

corrosion of zinc in aerated hydrochloric acid.
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any oxidizer is present in acid solutions. A frequent impurity in commercial
hydrochloric acid is ferric ion, present as ferric chloride. Metals corrode much
more rapidly in such impure acid because there are two cathodic reactions,

hydrogen evolution and ferric ion reduction :

Fe?+e — Fe ‘A\',)z/.w)
Since the anodic "ﬂﬁibdlg"r (/ﬁt

0 dupeW by reducing the rates of
of '_ie ‘:?Honc acid, it can be made

cumng dlll'lIlg coITOSsion are

mutually dependent, it i

either reaction. In the

less corrosive by remauifig e fetric jons | _"gcmsewntly reducinng the total
rate of catodic reduq . ( € ___ " ~ s"z@lim'jénated by preventing air
from contacting the aqu€ods /solution) or eoving air which has been
dissolved. Iron will not cogfode i  ' "%qte or e;water because there is no
catodic reaction possible, [ it

If the surface of the fietal is h paint or other nonconduction
film, the rates of bo" e e greatly reduced and
corrosion will be re OrT a substance which when
added in small amounts to a corrosive, reduces g; corrosivity. Corrosion

inhibitors func ﬁ " thodic reactions or
both. Many o ﬂ;ﬁ EIm :ﬁm ﬂTLT they function by
forming usﬂﬁf? ﬂ;j dce erfering with either
the anoﬁ. m e :i ﬂ‘ﬁﬁcﬂl aﬁ?&:ﬁ | reatard the
hydrogen-evolution teaction and subsequently reduce corrosion rate. It is

obvious that good conductivity must be maintained in both the metal and the

electrolyte during the corrsion reaction. Of course it is not practical to increase
the electrical resistance of the metal, since the sites of the anokic and catodic
reactions are not known, nor are they predictable. However, it is possible to
increase the electrical resistance of the electrolyte or corrosive and thereby

reduce corrosion. Very pure water is much less corrosive than impure or natural
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waters. The low corrosivity of high-purity water is primarily due to its high.

electrical resistance.

2.2 Polarization

The concept of polarizatio iefly discussed here because of its

importance in understanding\ ‘and corrosion reactions.
The rate of i¢al reactionis limited by various physical

‘-.

and chemical factors reaction is said to be

polarized or retarde .- c/ gnvi ental fa otors. Polarization can be

conveniently divided i CIE ‘types,. activation polarization and

AU IMEITINE A
QTR T ¢

Activation plarization refers to an electrochemical process which is
controlled by the reaction sequence at the metal-electrolyte interface. This is
easily illustrated by considering hydrogen-evolution reaction on zinc during
corrosion in acid solution. Figure 2.4 schematically shows some of the possible
steps in hydrogen reduction on a zinc surface. These steps can also be applied

to the reduction of any species on a metal surface. The species must first be
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adsorbed or attached to the surface before the reaction can proceed according to
step 1. Following this, electron transfer (step 2) must occur, resulting in a
reduction of the species. As shown in step 3, two hydrogen atems then combine
to form a hydrogen molecule. These hydrogen molecules then combine to form
a bubble of hydrogen gas (step 4). The speed of reduction of the hydrogen 10ns
will be controlled by the slowestii e steps. This is a highly simplified

pictrre of the reduction of w&,\ rous mechanisms have been
1 % C an that shown in Fig. 2.4.

proposed, most of which

T ———

Concentration on L6 o elect cal reactions which are
controlled by the di n i / __" o .‘ ustrated in Fig. 2.5 for
the case of hydrogen e i mber '&}hydrogen ions in solution
is quite small, and the red ; tﬁe diffusion of hydrogen

®

Figure ﬁ ﬂﬁﬁmrﬂqﬂ‘%‘(ﬂ j1gfh'v$ogen reduction.
q
ions to ma e MC ¢the reduction Fate is controlled
by proc:ie cC éﬁﬁg tﬁqm maeﬂetal surface.

Activation polarization ususlly is the controlling factor during corrosion in

media containing a high concentration of active species (e’g., concentrated
acids). Concentration polarization generally predominates when the
concentration of the reducible species in small (e.g., dilute acids, aerated salt
solutions). In most instances concentration polarization during metal
dissolution is usuall small and can be neglected; it is only important during

reduction reactions.
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The importance of distinguishing between activation and
concentration polarization cannot be overemphasized. Depending on what kind
of polarization is controlling the reduction reaction, environomental variables
produce different effects. For example, any changes in the system which
increase the diffusion rate will decrease the effects of concentraion polarization
creasmg the velocity or agitation of
ase / if the cathodic reactions are

and hence increase reaction rate.

the corrosive medium will increase
. .
controlled by activation p%bn. If odic and catodic reactions

1za on, agnuan_yvlll have no influence on

are controlled by activati

corrosion rate. —
2.3 Passivity
g
AN 5 i e
The phenoménon o memlhq has fascinated scientists and

engineers for over 120 y a‘fhay. The phenomenon itself

is rather difficult to define Béca‘ase 'o@omplex nature and the specific

conditions under which it oecurs. Esym- passwlty refers to the loss of
2 : vi

environmental conditions. That is, ce nd-alloys become essentially

mert and act as if t!{ey were noble metals sucIJlJ as platinum and gold.
Fortunately, fr ﬂﬁ %!ﬁe susceptible to this
kind of beha@ﬁ r?gm &m tural materials,
includin; m d alloy$'¢ontainign these
mctals ﬁflm a i ﬁﬁﬂ Q @1 aduium, tin,

uranium, and thorium have also been observed to exhibit passivity effects.

Passivity, although difficult to define, can be quantitatively described
by characterizing the behavior of metals which show this unusual effect. First,
consider the behavior of what can be called a normal metal, that is, a metal
which does not show passivity effects. In Fig. 2.6 the behavior of such a metal

is illustrated. Let us assume that we have a metal immersed in an air-free acid
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solution with an oxidizing power corresponding to point A and a corrosion rate
corresponding to this point. If the oxidizting power of this solution is increased,
say, by adding oxygen or ferric ions, the corrosion rate of the metal will
increase rapidly. Note that for such a metal, the corrosion rate increases as the
oxidizing power of the solution increases. This increase in rate is exponetial
and yields a straight line when plotte semilogarithmic scale as in Fig. 2.6.
itic ‘ , d by both the specific oxidizing
0 ntratioﬁpe reagents. Oxidizing power

4

can be precisely defined — de otel§
IJ ‘I ) . h ..h.‘

ode potential).

NI EING L S
demonstrates as - ; 1 or alloy can be
convenientli iivided into three regions, active,passive, and transpassive, In the

active rebloR he obiics bttt i ehifal 0t 4 ormal meta.

Slight increase in the corrosion rate. If more oxidizing agents produce little if

any change in the corrosion rate of the material. Finally, at very high
concentrations of oxidizers, or in the presence of very powerful oxidizers, the
corrosion rate again increases with incresing oxidizer power. This region is

termed the transpassive region.
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Transpassive

bl

Solution

oxidizing
power
(electrode
potential) [~

tive-passive metal

ng (electrode potential).

precise cause for this’ unbisual dctivé-passive-transpassive trasition is not

completely understood. It is'4 spe SpEco ¢ of activation polarization due to

considerable range of oxidi ‘ s eventually destroyed in strong

oxidizing solutions. —T! 1 ier is not understood.

However, for the p On, it is not necessary to

Eﬁiﬁliﬂlﬂmmmmﬁﬁ”’ Wi
RARINIDIUNAAVLIGL i

become pass1ve or very corrosion resistant in moderately to strongly oxidizing
environments. Under extremely strong oxidizing conditions, these materials
lose their corrosion-resistant properties. These characteristics have been
successfully used to develop new methods of preventing corrosion and to

predict corrosion resistance.
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Environment Effects on Corrosion

Frequently in the process industries, it is desirable to change process
varibles. One of the most frequent questions is : What effect will this change

have on corrosion rates? In the following section some of the more common

environmental variables are considir‘ ,)} the basis of the concepts developed

above. é}}s /{/4

9

The effect o ) was discussed above in
connection with the be (;%n in Fig. 2.8. Note that the
shape of this graph is s 2 ﬁﬁxat this figure is divided
into three different “sectio S 6‘. to section 1 1s
characteristic of normal mgtals _ e-passive metals when they
exist only in the active t&@ﬂ; als which demonstrate active-passive
trasition, passivity i§ achieveﬂ;ﬁy"if} ficient quantity of oxidizer or a

sufficiently powerfud exidizer s ac

with increasing oxidiz

I - :
Monel and copper in acid solutions containing oxygen. Both of these materials

welers b7 120 11 e
IR A Iy a e

An increase in corrosion rate, followed by a rapid decrease, and then

a corrosion rate which is essentially independent of oxidizer concentraiton, is

characteristic of such active-passive metals and alloys as 18Cr-8Ni stainless

steel and titanium.
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Corrosion rate —

1-2 : 18Cr-8Ni in

2 : 18Cr-8Ni in HNO;3
1-2-3 : 18Cr-8Ni in concentl

at elevated tes ]
Figure 2.8 Effg of oxdizes and afeation or corrosion rate.
‘a o/
If an ﬂypas:\g Hﬁgj 1nu§Ms:ln jcorrosive medium,
the additi mom n corrosion
rate. mﬁm q wherf’ an! }\1 we metal is

immersed in an oxidizing medium such as nitric acid or ferric chloride. The

behavior represented by sections 2 and 3 results when a metal, initially in the
passive state, is exposed to very powerful oxidizers and makes a transition into
the transpassive region. This kind of behavior is frequently observed with
stainless steel when very powerful oxidizing agents such as chromates are
added to the corrosive medium. In hot nitration mixtures containing
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concentrated sulfuric and nitric acids, the entire active-passive-transpassive

trasition can be observed with the incrreased rationsof nitric to sulfuric acid.

It is readily seen that the effect of oxidizer additions or the presence
of oxygen on corrosion rate depends on both the medium and the metals

involved. The corrosion rate may cased by the addition of oxidizers,

The effects of sy “on corfosie te are, like the effects of
oxidizer additions, complex anff*ﬂeﬁegd ~ haracteristics ofthe metal and

or corrosion Processes

when agitation or so "_ on vel
on and velocity have no

which are controlled b actlvatlon polanzatlon, aglta‘{tl
effect on the ¢ i in : ITOSiON process in
under cathodic m&ﬂ QX : ‘If{ﬂ;lﬂ e corrosion rate as
shown i lﬁi E \ W s oxidizer is
presentlﬁv“ﬁ iﬁ ﬁhﬁ ﬁ:jefﬁ ﬁﬁﬁ Lﬁﬁ in acids or

water.
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Corrosion rate —p—

1, ol ‘TWFJW%’WMT} ’

If the irocess in under ‘diffusion control and the metal is readily

passwata ﬂ éﬁﬁﬁﬁéﬂ»ﬂtﬂﬁm &l ’;1: and 2, will

be observed That is, with increrasing agitation, the metal will undergo an
active-to-passive transition. Easily passivated materials such as stainless steel
and titanium frequently are more corrosion resistant when the velocity of the

corrosion medium is high.

Some metals owe their corrosion resistance in cerain mediums to the
formation of massive bulk protectivel films on their surfaces. These films differ
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from the usual passivation films in that they are readily visible and much less
tenacious. It I believed that both lead and steel are protected from attack in
sulfuric acid by insoluble sulfate films. When materials such as these are
exposed to extremely high corrosive velocities, mechanical damage or removal
of these films can occur, resulting in accelerated attack as shown in curve C.
Thic is called erosion corrosion an \ﬂ f cussed in next section. In the case of
curve C, note that until meg\hm'l\ ' actually occurs, the effect of

agitation or velocity is vmu.Megh%bl ’ ;_._-"':..-

3. Effect of Teg_p/

Temperature i
Figure 2.10 illustrates

on the corrosion rates

' xj jeﬂva i0 ‘im the effect of temperature

en| tﬁe behavior noted above, a

very rapid or exponenti 3
Behavior such as noted in 'ur(@B- 1s al@ quently observed. That is, an
almost negligible temperaturepﬂhct fymy a very rapid rise in corrosion
rate at higher temperatures. In the case sss steel In nitric acid, this
effect is readily exp 2 ei Increasir : Aty e of nitric acid greatly

increases its omdlzmg‘g\ower At low or moderate te%rl eratures, stainless steels

exposed to ni ﬁzzm ﬁajj ﬁ to the traspassive
region. Hencean Oiy rapid increase in
the corrosuwate of these materials. A similarsort of mechahism may esplain

the beh;%] f%ﬁeﬁﬂrﬁmuﬁ&a Q ﬂﬂl{m&]n is possible

that curves such as B in many instances erroneously represent actual behavior.

If the corrosion rate at low temperature is very low, and increases
exponentially, linear plots will appear as curve B. That is, corrosion rate
increases rapidly with temperature; this is not evident in the usual plots of

corrosion rate versus temperatur because of the choice of scales.
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Corrosion rate —

Curve A : 18C

Curve B :

4, Effects of Corroswe Concentratlon

ol HEANUIIHIOND, o e
::::;:%mmmmmwm:ﬁ;

wide changes in corrosive concentration as shown in curve A, Section 1. Other
materials show similar behavior except at very high corrosive concentrations,
when the corrosion rate increases rapidly as shown in curve A, sections 1 and
2. Lead is a material which shows this effect, and it is believed to be due to the
fact that lead sulfate, which forms a protective film in low concentrations of
sulfuric acid, is soluble in concentrated sulfuric acid. The behavior of acids
which are soluble in all concentrations of water ofter yield curves similar to
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curve B in Fig. 2.11. Initially, as the concentration of corrosive is increased, the
corrosion rate is likewise increased. This is primarily due to the fact that the
amount of hydrogen ions whichare the active species are increased as acid
concentration is incereased. However, as acid concentration is increased
further, corrosion rate reaches a maximum and then decreases. This 1s
igh concentrations of acids ionization
on acids such as sulfuric, acetic,
in the pure state, or 100%

hydrofluoric, and others, are-virtus

concentration, and at mod _‘

Corrosion rate —=

-8N1 HNO3

ﬂmﬁwfmwmm
aﬁﬁﬁ“ﬁ‘fﬁm URIINYINY

Curve B

Al in acetic acid and HNO;
18Cr-8Ni in HzSO4
Fe in HzSO4

Figure 2.11 Effect of corrosive concentration on corrosion rate.

T442MI1 4%
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5. Effect of Galvanic Coupling

In many practical applications, the contact of dissimilar materials is
unavoidable. In complex process streams and piping arrangements, different

metals and alloys are frequently in contact with each other and the corrosive

medium. The effects of galvanic cou will be only briefly mentioned here.
Consider a piece of zinc . \

contacted to a noble metal’ﬂh piqgn
in this medium, it tends £ iT s¢ the surf:
occur. Further, hydroge '

platinum than on zinc

drochloric acid solution and
.12). Since platinum is inert
hich hydrogen evolution can
g readily on the surface of
ate of the cathodic reaction

and consequently increz . Note that the effect of

¢ does not always increase the

‘decreased the corrosion rate of

Platinum

Figure 2.12 Electrochemical reactions occurring

on galvanic couple of zinc and platium.
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Metallurgical Aspects

1. Metallic Properties

Metals and alloys are crystalline solids. That is, the atoms of a metal

are arranged in a regular, repeating The three most common crystalline
arrangements of metals are

i \ ' 3. Iron and steel have a body-
centered cubic structure, the n».L-;""- tic':."| stas steels are face-centered cubic,

: se-packed lattice structure. Metallic

and magnesium possess
properties differ from
chemical satlts. The
fracturing) and are goo

result from the nondiorecti

of its neighbors. Hence, c ’
shown in Fig. 2.13. Ductility, pl_rﬂébﬂ' )
Their ductility permits altiost uritimite
stressed, metals usuall yield -

) L]

course, invaluable i
o i | '

AUE RN T HEIN

ication. Further, when highly
cturing. This property is, of

Body-centered cubic Foce-centered cubic

AMIANTAIMAINYAY

Hexogonal close pocked

Figure. 2.13 Metallic crystal structures.
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When a metal solidifies during casting, the atoms, which are
randomly distributed in the liquid state, arrange themselves in a crystalline
array. However, this ordering usually begins at many points in the liquid, and
as these blocks of crystals or grains meet, there is a mismatch at their boundary.
When the metal has solidified and cooled, there will be numerous regions of

mismatch between each grain. These regions are called grain boundaries.
Figure 2.14 shows this using eiiw

a ional representation of a grain
“confi n of the metal is its particular

TET—— .
-encigy areas and are more active

boundary. Since the most
crystal lattice, grain bo \dasies are high
u ked slightly more rapidly

chemically. Hence, grain-b6uadiics

/ ‘ \ M graphic etchig, in many

ifer v al &Qvity to develop contrast

between grains. Figure 245 /8 wsk{a ¢ gnifie ] e?% of 18.8 stainless steel

which has been etched iu's c} §§t e;‘:, ' 1 boundaries appear dark
A

because they have been'm

than grain faces when cxposed 10

cases, depends on this dif]

Fig. 2.14 Grain boundary in a polycrystalline metal

(two-dimensional representation).

Alloys are mixtures of two or more metals or elements. There are two
kinds of alloys-homogeneous and heterogeneous. Homogeneous alloys are solid

solutions. That is, the comonents are completely soluble in one another, and the
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material has only one phase. 18.8 stainless steel (Fig. 2.15) is an example of a
homogeneous or solid-solution alloy. The iron, nickel, chromium, and carbon
are dissolved completely, and the alloy has a uniform composition.
Heterogeneous alloys are mixtures of two or more separate phases. The
components of such alloys are not completely soluble and exist as separate

phases. The compos1t10n and stru these alloys are not uniform. Figure

el. The carbon combines with
4 appears in a lamellar form.
Solid-solution alloys are
ngth than heterogeneous alloys. The
1 the ical properties desired.

: e‘%mt than alloys with two
e not present. However,
there are important excepti ich can study mereasing

on textbooks of corrosion.

ATISIDIA NI BINA

etched to reveal grain boundaries (100X)

Alloys are quite similar to aqueous solution. Some substances can be
dissolved, while otheres are insoluble. Solubility usually increases rapidly with
increasing temperature. for example, iron carbide is completely soluble in iron
at high temperatures; hence steel becomes a solid solution when heated to a

high temperature. Precipitation of a phase can occur from supersaturated solid
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solutions as it does in the case of liquid solutions. As noted above, grain
bound-aries are high-energy areas, so precipitation frequently begins at the

grain interfaces.

; etched
(s (600X)

Other dlﬁCl‘CﬂCCS i _;IE be chemical, metallurgical, or
mechanical in nature, Ex: are  impurities st ch' as oxides and other

X )

inclusions, mill sca .ﬁn arrays, differences in

composition of the m crosiructure precipitated phases, localized stresses,
scratches, and m m only special cases.
Very pure me e oﬂm Tﬁ\ 1a1 materials. For
example, ve%pure and smooth zin€ will not corrode in very ﬁle hydrochloric

acid, yet’Q il covbibrphrts b pidy | Howel

expensive, and they are usually weak-one would not build a bridge of pure iron.

e metals are

The following table shows the effect of purity of aluminum on

corrosion by hydrochloric acid
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% aluminum Relative corrosion rate
99.998 1
99.97 1,000
99.2 30,000

It is conv the forms in which it

manifests itself, the
corroded metal. Each form ca d
most cases the naked e fCiont, it s¢ v imes ‘magnification is helpful
or required. Valuable infofmation: ieselution of a corrosion problem can
often be obtained through carefu ation of the corroed test specimens Or

#F

failed equipment. Examination :

o the appearance of the

ied by miere visual observation. In

\¢ is particularly desirable.

: 3'—-\ e, but all of them are
more or less interrelated. T ' (1) uniform, or general attack,

(2) galvanic, or two-ms_tg corrosion, 32, crevice corrosion, (4) pitting, (5)
intergranular cﬁvﬂﬁmm'mmm ) erosion corrosion,
and (8) stress gorrosion. s listing is arb but' covers practically all
o N p13b b1 ) R
of impo S | .
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