[J INTRODUCTION TO CORROSION

+ Corrosion is exactly the reverse of extraction of

When metals are exposed to the environment, the m ; be defined
more stable metal compounds more or less rapidly. Corrosion may e Celneds as, e 8rady,

eating away, disintegration, decaying or deterior"-tiO.n of a metal by chemicq] Y
electro-chemical reaction with its environment”. The environment c:'oulld be of any type such
as atmosphere, water, seawater, acids, alkalies, steam, gases, soils and liquid metals ete, ang the
interaction of metal with the environment could take place at any temperature. Thus, according 4,
modern definition, “corrosion is the deterioration of a substance due to its reaction wis, is

environmeni”, Corrosion is either chemical or electrochemical in nature.

metals and also known a8 weeping o fmfal\.', |
etal surfaces start decaying by cony erting i

(1] Some Examples of Corrosion

(1) Rusting of iron.

(i) Reaction of chlorine gas with magnesium or tin.

(iii) Formation of green layer of basic carbonate. )

Note : The undesirable deé&ﬁction or alteration in non-metallic materials by weathering or other agents is not
generally classified as corrosion. | | : o e e '
[Il]CausesofCorrosion . R . ,

In nature, most metals (except noble metals) exist in combined states as their compounds,
called ores and minerals i.e., oxides, hydroxy carbonates, carbonates, chlorides, sulphides, silicates
etc. These compounds represent.their thermodynamically stable state. The metals are extracted
from these ores after expending lot of energy. Hence, unless the nature of the metal is substantially
changed (e.g., by alloying), the metal will have a'natural tendency to convert back to its natural
thermodynamically stable state, i.e., cémbined state. This is the basic reason for metallic COrTosion.

Note : Metals that exist in elemental state in nature as gold, hatu:aﬂjf, have excellent corrosion resistance in natural
environment. ; " . ‘ _
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: ! FACTORS INFLUENC‘NG A CORHOSION . STt ovauuAL ITOT) 19

7 gsually corrogiop depends on the nature of .
 wemem metal and the

N . ot . ' '
I @ oxidation pote‘ntlgl : The extent of corrog;
B éctrochemlcal s_ierles and galvanic series 08
' of an electrolyte, the 1 hi )

_5 preseffc‘; Furter, the nﬁr’e theTv(:tal higher up in the galvanic series b

| S'{O . ’, di . Ormeta.l_s‘are apart in the gal . (:'ﬁ_Comes anodic and suffers
- qorrosion of the anodic metal. galvanic series, the greater will be the

(i) Overvoltage : When a metal which oceubics a hioh oasition i
| isplﬂﬂed in 1IN-H2S0y4, it undergoes corrdsio‘r:::Iil‘«l))xl'f]::i?‘1;;:1 ;g?ﬂl:;sm%n in galvanic series (say zinc)
. jitial Tate of reaction is quite slow, because of high ovérvoltaat f?’(}‘v;ng h){drogen gas. ’Ifhe
oduces the effective electrode potential to 2 small value. 'Howevergif ;}ew d)mofs 7;;1«‘ metm;ﬂw;uch
are added, the corresion rate of zinc is accelerated, because some ::opper geté geposciﬁge;sﬁhg ;,t.i
. metal, forming minute cathodes, where the hydrogen overvoltage is only 0.33V. Thus, reduckion in
. wervoltage of the corroding metal alloy accelerates the corrosion rate.
. . (iti) Relative areas of anode and cathode : When two dissimilar metals or alloys are in
untact, the corrosion of the anodic part is directly proportional to the ratio of areas of the cathodic
part and the anodic part. It may be broadly concluded that when anodic 'polfmzation is negligible
and conductance rema_i.hi.ngEmore or less constant, cor:osion of the anode 18 directly proportional to

the area of the cathode.

- Although the corrosion current is 8
| smaller anode will be much greater and tI B
b met by smaller anedic areas only by undergoing 7 ity and form

: ‘ 3 A 141
(iv) Purity of metal : Impurities in a metal, gt"n@—;ﬂlga ‘;;};Eich;at:gg;t o roded. For
Ninutetiny electrohemical cells (at the exposed parts) and the

nature of the environment,

ame at beth cathode and anode, the current de_‘.nsity a& the
the demand for electrons (by the large cathodic areas’ can
' sion more briskly.
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nc lead to the formation of tiny eleét\

. T

rrosion of zinc around the Impurity, t:;::%ica
3

T

1 §

i " b, Fe or C in zi
€Xample, the impurities such o Ph, the co ) . |
cells at the exposed part of the impurity ?::i-eases with the increasing exposure of the o Dl
due to local action. The rate of corrfsionThe rate of corrosion is influenced by the phySical by, |
etal : ‘

(v) Physical state of the mo f the metal or alloy, the greater will be its Solubility stat%f }

' - - oty ang ey
—— Th?lsgn aller the er aml\zloz]iover areas under stress, even in a pure metal, tepq to by heﬂce |
greater will be its corrosion. - )

)
7 adic {

and corrosion takes place at these areas. ically all meta]
) here, practically all metals gey cay
(vi) Nature of surface film : In areated atmosp may iy

i |

_ : h : of a few angstroms. The film |
a thin surface film of metal oxide having a thickness o pends upon the nature of the me? ong i
!
!

: : . e
Or more forms of the metal oxide and its thickness d W ag g 5 2

. tal oxide to the metal, is kng :
temperature. The ratio of the volumes of the meta, : oxidation corr. ecif, |
pecific volume ratio, lesser is the ITOSIon rate |

C

volume ratio. Greater the. s . B = . :
example, the specific volume ratios for W, Cr and Ni are 3-'6’]2 (s)ti‘l(f \:le o respectlve]y’ Whig,
~indicates that the rate of oxidation at elevated temperatures is lea S |
Mg, Ni and Co are Passive il

(vii) Passive character for metal : Metals like T1, Al, Cr, _ a .
heir positions ijn 8alvanje Serieg

* they show much higher corrosion resistance than expected from t |
Im (of oxide) on the meta] or alloy Srfy, |

- due to the formation of highly protective, but very thin ﬁ._ : s _
- Moreover, the film is of such a self-healing nature, that if b_roken, 1t repairs itself, on Te-eXpogyy, |
to oxidising conditions. Thus, corrosion resistance of stainless steel 18 due to the passiVaﬁng

- character of chromium Present in it. : :
' (viii) Solubility of corrosion products : If the corrosion product is soluble in the corroding

medium, then corrosion Proceeds at a faster rate. On the contrary, if the corrosiop Product j;
Insoluble in the medium or it interacts with the medijum to form another insoluble progyy
(e.g., PbSOy formation in case of Pb in H2S04 medium), then the corrosion product acts agg

physical barrier, thereby Suppressing further corrosion. .

as the relatipe humidis . :
. Y aboye which the atmospheric corrosion
r;zte of r.nettal increases sharply, The value of critica] humidity depend:J on the physice
characteristics of the met'al as w.ell as nature of t, ' COIToSion Products. The n why corrosion
ofa metgllbeco_mes faster ;n humid atmosphere is that gases like 0. O reaso \ present
in \atmospherre‘ furnish water ‘to the eIectrb]yte hi 2 Yg ete. and vapours,
'alectr.oc'hemigal corrosion cell. Fhe. > Which
(iii) Presence of impurities i, atmosphere. oy - |
. ; A : phere; ! s 2 - § .1
ontains corrosive gases hk(? CO,, H,sS, S0, and £, n‘?;;nggli_}[lcere, In the vicinity of 1ndusrxalf£ﬁl‘i:‘se .ff
s .?h.e ac:d;ty of the liquid adjacent to the met | (1, H,S0 4 ete. In presence 0 " {
nductivity also 1ncreases, thereby Corrosion ig increfs;:l é:Surfacés increases and its elec 1
- (iv) Presence of suspendeq Particleg ), atmOSph;are o i - . ;
' *(a) If the suspended pa

T reby e k8 NaCl, (N S oSPhere |
trolytes, thereby causing increaseq Corrosion, -~ absorb Moisture and act a

are essential for setting up ™

rticles &%
S stroné
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cuspended particles are chemically

the . inactive i .
o o5 and moisture and slowly increase ctive in nature i.e., charcoal, they absorb both

the corrosi
o _ ) rrosion rate.

of pH : The hydrogen io :
) f:fle::actisns s well as Cerosicl)lncoc:;fﬁ)t]r{;&oigiOf thc:ﬁ medium is another important factor
or70> media. Howev i ¢ meaia are generally more S1V
gir® oud ﬂeu‘{ref ions. The Oc\;:;oesli-’oimphoterfc meltals (like Al, Zn, Pb ctg ) dissof\(r):ri(:gli;i]iiz
fion 55 rl?;;zlforresponding hasiavan ;;:3 i(;lf I1)1'on in oxjégen-free water is slow, until the pH is
5 50 . ' L resence of oxygen is much higher. Consequently.
sion of :nitgalS,Z; eaglhll?(r:}?titsasl;;?d‘l)g 3:3;3(; ;aél be reduced by increasing the pH of the atciltackinsé
. yment, €8+ : , ed, even in weakly acidi i i
i‘d) suffers ’minimum corrosion at pH = 11. eakly acidic solutions such as carbonic
(vi) Nature of i(::ls Prgsati;lt : Chloride ions present in thve medium destroy the passive film
many metals an oys. On the other hand, the presence of anions like silicates in the

ds to the formation of insoluble reaction products, e.g., silica gel, which inhibits further

~

d corrode
odium lea

m’OSiOD.
(vii) Conductance of the medium : In corrosion of underground or submerged structures,

ce of the medi}lm is‘of prime importance. Conductance of dry sandy soils is lower
nan those of clayey and mineralized soils. Consequently, stray currents (from power leakages)
il cause more severe damage to the metallic structures, buried under clayey and mineralized

oils than those under dry sandy-soils. P ,

(viii) Concentration of oxygen and formation of oxygen concentration cell : The rate
f corrosion increases with increasing supply of oxygen.. Less oxygen concentration, e.g.,
oxde-coated part or less-exposed parts becomes anodic, while the more oxygenated regions or parts

more exposed to oxygen become cathodic. This leads to the formation of oxygen—concent:ration cell
inwhich the anodic part suffers corrosion. - :
At cathode. 9H,0 + Og + 4e” ——— 40H”

Moist air :
Fe — Fe?t +2¢” (Electrons are supplied)

jon, but it occurs where the oxygen

e conductan

(Electrons are consumed)

At anode.

) Thus, oxidation conce
Neentration 1s lower.

ix) Flow i cess stream : In order to understan :
Tyt remembervg::: ::grggicl)): (i)s controlled by polarization (i.e., slowing down of the reactions) at

® anodeg 1 that does not passivate, is under diffusion control, an
' des an ; When a metal tha ) . : o
Merease in ﬁogvtl\};;git;ogt?ii\“ mir:iium enhances diffusion rate, thereby increasing the corrosion

Tate T} . :imization of flow velocity may decrease

. Thus i ; . - metals, minim 10CIL) A X

% INnon:passivahing e of Con‘lg;i;?igon can be made in case of passive metals without
i . )

e ¢o .
ITos1on rates. However, No genera

ntration cell promotes corTos

stand the effects of velocity, we
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