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snodes. Anode and cathode areas may shift from t.une to
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l&ss hkely will the _cathode area become polarized. Alkaline

time as the corrosion process proceeds, resulting in
uriform corrosion.

Reactions at the cathode surface most often control the .
rate of corrosion. Depending upon the nature of the electro-
lyte, the hydrogen generated at the cathode surface may:

1 Aecumuhte,aonweoatﬁ.hemrfmmdslowdownthe,

rucuon This process is called cathodic polarizatios
2. Form bugbla and be swept away from the surface thus ll-
roceed.

lo reaction to pi
d::nﬁad with oxygen in the elecholyfn to form water, or hy—
xyl fon.

with a constituent in the electrolyte to form a corrosion
_product. With iron or steel, the ferrous ion may react with the __
‘hydroxyl ion in water to form ferrous hydroxide, and then
with oxygen to _produce ferric hydm)ude (rust). These corro-
sion products ‘may accumulste: on -the anode -surface and

slow down the reaction_ rate. Thxspmceslscalledmodw
pala:uakm

ACCELERATING OR INTENSIFYING FACTORS
Moisture

As has been noted pnavnously an electrolyte must be pres-
‘ent oft a metal surface for corrosion to occur; no corrosion
‘occurs in dry air. In most natural atmosphem, some moisture
is usually present as wnber vapor, its amount being expresed
a3 percent relative k Vernon'-d d that, in
pure ely, practically no corrosion of iron occurs at reht.lve
humxdma up to 99 percent. But, with contaminants present,
such as sulfur dioxide or solid particles of chargoal, corrosion
‘could pmceed at relative humidities of 50 pement or above.
Pure air is seldom encountered in practice. During rains, ex-
posed métal surfaces are completely wetted, thus allowing the
corroston reaction to proceed as\ong as the meu.l Temains wet.

The above conditions apply to iron and.unslloyed steel.
Many alloys may develop thin cormswn producet films or
oxide coatings so as to Temain - essentially unaffected. by
moisture. ¢ . .

f

Oxygen-

. With el ‘.m of water sol ofsa.ltsor
nclds,tthmenceofoxygmmﬂiemedm(endsmuoelmte
the corrosion rate of ferrous metsls by depolariging the cath-
‘odic areas thmugh reaction with hydrogen generated at the
cathode, and. thus aflowing the anodic reaction.to proceed.
In many iermns systems employed for handling water, such
as boiler syst.ems or hot. water heating systems, oxygen .is
reoved  to: reduce_the. corrosion rate: Examples are;. the
addition of oxygen scavenging chemxca.ls, such .as sulfites,
to_the system, or. the use of deaeration. eqmpmmt m expel
the dissolved: oxygen..

Prmeeoioxygmmhhemedmdomnotnﬁwtaﬂsﬂoyn
in the manner described above. With, alloys which develop
protective oxide -flms,. such a8 sttunlm steels, oxygen may
reduce corrosion by. mainf the oxide film.- The media;
free of oxygen, mxght be capable of causing some corrosion of
the alloy, but with oxygen present, the oxide film becomﬁ
reinforced and thus mecludes corrosion. .

Solutes.

With ferrous ma.tem.ls such ag iron and steel, wds
tend to accelerate the corrosion rate; whereas tend -
to reduce it. Since the. i ntthe"“is

related to the relative concentration of hydrogen ions present,

the higher the concentration (the more-acid the media), /d:\e/“

ing a much higher concentration of
hydtoxyl tons present than hydrogen, promote polarization of
the cathode areas, thus reducing the rate of dissoluti at the
snode. Relative acidity or alkalinity of a solution is defined
as pH, with a peutral solution having a pH of 7. Solutions
increase in_ ncldxty as the pH decreases, and increase in
al.ka.lmxty &3 pH increases. .

"The corrosivity of most salt solutions will depend upon
whether they tend to be neutral, acid, or alkaline when dis-

. solved in water. As an example, aluminum sulfate is the salt

o of a stmng scid (xulfunc acxd) and a weak a.lknh (alummum
At the mode, the metal ion gomg mt.o solut.wn may reactA i . When

d'in water'a
sulfate is acid in nature aod tends to act wwmds iron as would
a dilute acid.

Since alkali 1! are y less corrosive to
ferrous systems, itis pmcﬁcal in many closed water systems,
to minimize corrosion by the addition of an alknh or alkaline
salf,tomnsethepH&oQurhlgher

Differential Solute Concentration

Asnnted iously, a pot: "d.\ﬂerence“ anode
and mthode aress is necessary for the corrosion reaction to
proceed. Such a potential difference can be established at dif-
ferent locations on a metal surface due to differences in con-
centration of & solute in the media at these locations, Corro-
sion caused by such circumstances is commonly called con-
centration cell corresion. Such cells may be of two general
types, metal ion concentration cells and oxygen concentra-

ion

In the metal ion cell, the metal surface in contact with the
higher concentration of dissolved metal ion becomes the
‘cathodic ares, and the surface in contact with the lower con-
centration the anode. The metal ions involved may be a
constituent of the media, or ‘may result’ from the corroding
surface itself. The differences in concentration in the media
may be caused by flow of the media sweeping away the dis-
solved metal ions at one location and not at another. Such
differencés could oceur at crevices, or due, to deposits of one
sort or another. The anodic ares is to be found outside the
crevice or deposit, where the metal ion concentration is least.

In the oxygen concentration cell, the surface ares in con-
tact with the medis of higher oxygen concentration becomes
the cathodic area, and the surface in contact with the media
of lower Oxygen concentration becomes the anode. Again,
the ts of or foreign d its on the metal sur-
{ace may produce conditions favorable to corrosgion through
this mechanism. The anodic area, where corromon pmceeds,
will be in the crevice or under the deposit. -

Galvanic or Dissimilar Metal Corrosion

Another factor. which weelmtes t.he »eorrosion pme@
may be differences in of d metals
together and immersed in an e]ectmlyte Many factors con-
trol the seventy of corrosion resulting ‘from such d.usmxlar
metal coup! .
" 1. The rehuva differences in posiﬁan (Qofgnﬁal) in the jpl-
vanic series, with ref toa The greater
the difference; the greater is the driving farce of the reaction. The
galvanic series for metals in ses water is shown in Table 1.

- 2.-The relative area relationship betwoen anode and cathode
areas. Since the amount of current flow, and therefore, total
tetal loss, is determined by the potential difference and resists,
moeoftheurcmta, small anodic area will corrode more rapidly,
ﬁhans,ltmﬂbepmmud at a greater rate than a large anodic

3 Polarization of either the eathodic or anodic area may reduce
t.h:é)ouum.l difierence, and thus reduce the rate of lﬂ.sd( of '.he

" Corrosionand:Deposits: - ¢

wise to couple a small-exposed ‘area
”’mgmﬁﬁﬁm a large area of a more noble metal,
of s :where the less noble material-may, tend to .corrode
b itself. If such couples cannot be avoided, but one of .the
bmymlmﬂ,r metals can be painted or coated with & nonmetallic
‘coating, the cathodic . material’ should be so coated, rather
the anodic one. If the two .materials can be insulated
meachouxer -for example, by the use of an insulated jeint
systems, the galvanic couple can be avoided. Where
l&glgﬁt possible, a waster heavy wall nipple section of the
less noble;material can be employed and can be.readily. re-
placed when it fails. - . B P
In piping 5ystems handling nar.um] wahzm, galvamc corro-
mnmnothkdywextendmamumn3w5pxpedmmem
dow‘nt.beID of the less noble plpe m\‘em.l_ . i
eﬂ{:wmhkdywbeconﬁned to'.heuea zmmedmtelyadga-
cent.to t.be 1omt.

" . Table1 .... Calvanic Series of Metals and Alloys

Cmodchnd(modw.wWMN’)
- Magnesium . P . .
': Mngneslumdloys oL PO

“Zine

Aluminum 28 . )
 Steel or Iron . L C
Cest Iron . R—
Chromiurn-iron (active)
Ni-Resist P P
18-8 Cluumxum-mckd—uon (uhve) -t

Lead-tin noldel'!
Lead
Tin

2 Nickel (sctive).

Inconel (active) . ’ L
Knsvdloyc(mve) " .

Brassea
Copper

Copper—mckel a.l.l.oya

Sversader. | .

Nickel ve)
Lacone! ive)

Chrof -iron, (passive)
188 g)‘k‘x‘x‘t‘)‘x‘mum—mnkel—lmn (‘pmve)
- 1883 Ct

Hutdloyc(pnmlve)
Silver .. . o

§§; S

ected Erid (Gathodic, or most nfle)” -

ly iron ipusive]

225

Stray Current Corrbsion o

. Stray current corrosion is in sﬁence merely oné fo of
'ga.lvn.mc corrosion, the electrical | potenm.l driving the corm-
sion Teaction coming from st.ray electrical currents from an
electric t. Such a pl can’occur on buried
or submerged metallic structures’ The sod or submergence
media provide the electralyte. The anode, or structure suf-
fering accelerated corrosion, may be lomted some distarice
from thé cathode structure. The most common source of stray
cun'enfs are direct cnmant clect.ncal systems _such ag stréet
welding an L shop gen-
mwrs whe:e electrical leaks to ground are difficult to prevent
insulation.
byThe corrosion attack by stray currents is usually restricted
to the structure surfxwe in conmct with (he sml or other sub—
ce
mubf:xl; detailed u:formst.mn an dm mecha.msm is glven ln
Refemm:e 6

Ef’Fecfs of Stress :

The presenee of stresses in metallic structures rarely hxs
significant effects on the uniform corrosion resistance of metals
and alloys. There have beén a few instances of stress accdlerat-
ing corrosion with some materials, the more highly stressed
areas usually being anodic to the less severely stressed areas:
But such hani: are more only & laboratory curi-

ity than a practical reality.

0&0); the o'.hgr hand, stresses in speclﬁc metals and a!loys
can cause corrosion crackmgwhenexposed‘wspeuf\penno-
sive en The king is often in xf.s
effects on the usefulness of the particular metal.

Almost all metals and alloys exhibit -susceptibility -to
stress-corrosion cracking in one or more specxﬁc e.nvu'unments
The more common examples are steels in hot caustic solu-
tions, hxghnncwntmtbmmammoma,mdsmnhﬁ
steels in hot chlorides. For more details regarding specnﬁc
materials, consult meta‘] produeem. Iy be g o by

Stress-corrosion
using the susceptible alloy in Lhe mmealed or mmheved
condition, or by selection of-a material known to be msumt
mmchatuckhyihzspecxﬁcmedm

Temperamre

There is a common mxseoneephon among some engineers
that corrosion rates double for every 18 F deg rise in tempera-
ture. This idea comes from studies of chemical reaction rates
where this ratio is a valid Appmnmahon ‘Such s ratio cannot.
necessarily be applied to and alit
s to the effect of temperature canpot be made. N

In systems where t.he pmsenee of oxygen m t.he medm

corrosion,
normmon rate up to 8 point. Oxygen solubility wlll decmme/
and may approach zero nt_lzo-gmg
in a.n ‘open systera. Therefore, the .corrosion rate may de-
crease beyond a critieal tcmperacu.re level, due to a dec.rease
in oxygen solubility. However, in a closed system, “from which
the oxygen cannot escape, corrosion mte may eonhnue
to,increase with temperature rise.

For those alloys which depend upon oxygen in the msdm

for ma.mtammg 8 protecuve onde film, an increase in tem-
ture and the_ cor in oxygen ‘."'
Jerat, ion rate by preventing oxide

;my FMUy
film formation.. .. -

Temperature may aﬂect corrosion behavnor in yet mot.her
manner, by causing a dissolved salt in the media to precipitate
onthesurinoeuascule,mwbmhmsetbeacdemyhndw




