[J] TYPES OF CORROSION

[I] Uniform and Galvanic Corrosion o _ '
This is the most common form of corrosion and can be dry or WethhemLcal or electrochemical.

When two different metals (e.g., zi TR
ls (e.g., zincand  zp-7zn?* + 20 Electronic current

copper) are electrically connected and
exposed to an electrolyte, the metal = - - - 2 LD
higher in elec:trochemica] series :1;55 noble.= — S o e ek bl
undergoes corrosion. Such type of . anodeis-m=p TeT-T-T- -_-_ <= cathode is-
corrosion is called galvanic corrosion. _attacked - = A — - proteeted
In this corrosion, a uniform decrease in — T oo I T = TPositive ion, T~ O
the volume of a metal takes place as a C-C-I-I-T-I-7-7 Curen :_:_:_:__:_:_:::
e ™ -_____h__“_’___“_-—_—_:_"._" ,

—

‘result of chemical action and soluble B

corrosion products are fqrmed. The Fig. 5. Volatile oxide layer

hen gets converted into soluble,

t at a constant rate which . : : :
can also be controlled to some extent. Galvanie corrosion

metal t
the action of acids on metals and by the action of amphoteric metals such as &1,

corrosion produc

enerally occurs by i
-I%b; Al etc. on strong alkalies.
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gi0 X ive surface _
“’rrger metals and design changes A film. Erosion corrosion can be minimized

b crevice Corrosion
[I"] It jsa local 'COITOSiOn and is Usually b
g etc. It 18 usually attributed to ch;&t

ted by dirt deposits, corrosion producta, crack in paint

in . S y
ot crevice and concentration of a detr; e “.l acidity in the crevice, lack of Og in tha apecies
Timental ionic species in the crevice. Selection of regiatant

, the - -
matefi ols, proper design to minimize crevice i
» en tO control crevice corrosion. S e i

pitting Corrosion

M +ting corrosion is, usuall
% ific iOints. Itisa 1(:vcalizfarc;1 ue to the breakdown or cracking of the protective film on a metal
ot sipemt,l-xe metal is relativel accelerated attack, resulting in the formation of cavities around
obich y unattached and this corrosion results in the formation of pinholes,
Fe?* + 20H-—»Fe(OH),
Corrosion product

More oxygenated cathode l

H,0 +3-0, +2¢7—»20H- l

NHron NN 7
TN DN

Fig. 6. Pitting corrosion at the surface of iron

pits and cavities in the metal. Pitting corrosion gives rise to the formation of small anodic and large

cathodic areas. Breakdown of the protective film may be caused by,

(i) Surface roughness or non-uniform finish
(i) Local straining of metal, due to non-uniform stresses
(iii) Scratches or cut edges
(iv) Sliding under load

(v) Alternating stresses
(vi) Impingement attack

(vii) Chemical attack | , . .
‘ ith a highly polished surface will be much more resistant to
A pure and homogeneo® metal W02 dgfects and a rough surface. Surface cleanliness and

e 1 lusions. P . . :
Pitting than the one with many e be resistant to pitting in the given environment are the

selection' of proper materials known to

Usual ¢ this problem. .

olziethOds v cctl;ba ntial gl:mount of oxygen in contact with the metal (Fig. 6), the small part,
beneath Itlﬁ to the d'lt 911;2 comes the anodic areas, while the surrounding larger' parts become the
tathodic arz;:l ps‘:;njfxst peneath the impurity intense corrosion starts. As soon as a small mt is
OmEd’ the rai’e oi" corrosion is 8180 lncreﬂﬂed-
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[V] Intergranular Corrosion

Intergranular corrosion occurs along grain boundaries and only where the materia] pg, .
sensitive to corrosive attack exists, and corrosive liquid pos<esses selective character Ofat:q.!y :
only at the grain boundaries, but leaving the grain interiors untouched or only slightly 8ttac g |
This type of corrosion is due to the fact that the grain Protecteq 0 fk
boundaries contain material, which shows electrode b1 (cathogy
potential more anodic than that of the grain centre in

Improv; shed gny

the particular corroding medium. This may be due to N2ty (engg |
the precipitation of certain compounds at the grain
boundaries. i
recipitated comer,.

(cathodic) oan

Grain  boundaries are generally more
susceptible for attack by a corrodent because of

segregation of specific elements or the formation of a
compound in the boundary. In extreme cases of grain-boundary corrosion the affected grains 4,

totally dislodged due to complete deterioration of their boundaries. This type of corrosion Canses
brittleness or weakness in the underlying metal and generally encountered in alloys. The pp;mar;,
condition for the corrosion is an alloy concentration gradient between the grains and mu
boundaries, while other condition is the presence of suitable electrolyte, so that local cell may be

Fig. 7. General intergranular attack

completed.
The remedy of this corrosion in alloys such as Al-Cu alloy, stainless steel etc, is proper heat

treatment and rapid quenching to prevent the heterogeneous precipitation that takes place due
slow cooling. Thus, corrosion in welded steel is not serious and corrosion resistance can be restored
by heat treatment method. As a result of heat treatment the chromium carbide which i
precipitated during welding is dissolved.
[VI] Exfpliation and Selective Leaching

Exfoliation and selective leaching is a sub-surface corrosion which starts on a clean surfae
and spreads below it. It differs from pitting in that the attack has a rather laminated appearan®
and whole layers of material are corroded. The attack is usually recognized from a flaky or blistersd
surface. This type of corrosion is known to take place in Aluminium alloys and can be avoided &

heat treatment and proper alloying.

Selective leaching (parting) is the removal of one of the elements in an alloy. D&zinciﬁ;-‘-ﬂf“
from copper-zinc alloys is the most common example. This type of corrosion is highly undesm\b{
as it yields a porous metal with poor mechanica! properties. This can be remedied by the use d

non-susceptible alloys.

[Vil] Stress-Corrosion Cracking

Stress corrosion is the combined effect of static tensile stresses and the corrosive environse®
on a metal stresses that cause cracking result from residual cold working and quenching, we!dmi
thermal treatment or due to applied loads during service. In such cases, the metal under s_m‘w
become more a{lodic and i>nd to increase the rate of corrosion. For stress corrosion f";ﬁ

resence of anfxle stress and a specific corrosive environment are nuceésary. The corrosive age

are highly gpecific and selective such as : :
0, Caustic alkalies and strong nitrate solution for mild steel,
(i) Traces of ammonia for brass, and

(i) Acid chloride solution for stainless steel.
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8 or 1t may sto , after . . .
[Vl"] waterline Corrosion . e N P progressing a finite distance.
Waterline corrosion results from diffar '

. erential aeration leading to the formation of oxygen
cgncentr::lt%m.l cells.tlt h? S gener all‘y been observed that maximum (E)rrosion takes place in :wal
tanl_! e azll;’{ng ;;a,l?}: along a line just beneath the level of water, because access of oxygen is much
less there (F1g. 9). The area abpve the waterline is highly oxygenated and hence zcts as cathodic

Highly oxygenated
‘cathodic part (protected) - '

Poor oxygenated \

anodic partis commoded — PP — — — —~ —~ —

| . HO—*H' + OH"
_________________ 4H* + 0, + de"—»2H,0
'FC—"F32++23_ ::::::::_—

Fe2* + 20H-—»Fe(OH), ool e o iy

area. Consequently, it is not corroded. However, little corrosion takes place when the water is
relatively free from acidity. SRR

. S =4 ; i o8 i elerated by marine plants which
Waterline corrosion is also caused in marine ships and 1s acceler
e At 51 > (::Otlile sides of the ships. ‘This type of corrosion is prevented to a great extent by

painting the sides of the ships by special gi;ti-fauli_ng gaints.

[X] Soil Corrosion ‘ fld e e = ohlea and ‘other
. R . rtant. in case of_ water mains, electric ¢ ]
mdeg;rr;ﬂilgr;trgctsgiss fvﬁgﬁya;? gr?:lbedded in the soil. The various factors that are responsible
b

for soil corrosion include the following: 5
(i) Acidity of the soil (i.i ) Mo.lstm'e cz:;i:::ls present
(iii) Content of electrolytes i) Mlcro.-org erties of the soil
(v) Content of organié matter (Vi) Physical prop '

: \ f a soil is determined by the
: 7 : : .al in character. The texture o :
b Eg&lacorrfgsiont }Sl.Puz‘:.lg::i%%tgog;g?kccording to particle size, soils are classified as.
: ge of particles

an ipe is buried in

; : us and strongly-aerated. If a metal pipe 1s i
8 (a) Gravelly or s dy E."Olls ar: ;fnrﬁ aﬁ'ofgthose i aerated. If a motal pipe is buried
bzch a soil, corrosive conditions ar

in the soil.
:ature content 1n : .
Boverned by the amount .Of m:S amount of free oxygen available is very small,‘ but. vm'oc‘llis :
b (b) In water-logged soils, t. 5::1 s ‘which may lead to microbiological corrosion. In aci c
Acterias and micro-organisms A =TT ©

ocldlilieu widl udllil



olution type. The rate of suey,

A 2
N

soils, the mechanism of soil corrosion is similar to the hydrogen v
corrosion depends on the :

(i) pH of the soil
(i) Presence of salt

(iii) Presence of oxygen etc. The presence of oxygen facilitat
hence, accelerates the rate of attack.

(c) Interrpediate character soil may produce a locali
are present, differential aeration corrosion may occur in

os the evolution o hydrogen ang

sed and intense corrosion. If air-pockets
different parts.

[X] Micro-biological Corrosion : i i3
Corrosion caused by the metabolic activity of various micro-OrgANISMS, - 13 called
microbiological corrosion. The micro-organisms can develop in an environment with or withoy
oxygen and are classed as aerobic or anaerobic.
Anaerobic bacterias such as microspira or vibrio desulfuricans reduce sulfates to sul_fm' which
ed that these bacteria conver:

is used to prepare their protoplasm. During this process, it is suppos nNese
the O, from the sulfates into such a form which brings about a depolarization effect on the

corrosion of iron. When these organisms die, sulfur is liberated as HoS which converts a portion of
the corrosion than the oxide or hydroxide. This type of intense and localized corrosion is come
er under anaerobic conditions.

across with cast iron in presence of sulfates and organic matt
Bacteria, fungi, algae, diatom etc. are capable of forming micro-biological ﬁ!m on the surface
of iron and generally known as film-forming micro-organism. Such film maintains concentration
gradients of dissolved salts, gases, acids etc. on the surface of iron and as a result, local biological
concentration cells are developed on the surface leading to micro-biological corrosion.

[XI] Stray Current Corrosion
Metal structures such as water pipes, gas pipes and cable sheaths, adjacent to D.C. circuits

may get corroded due to leakages from the main circuit.
Whenever, a material is selected for a particular job, special attention must be paid regarding
the possibility of localized corrosion, particularly, pitting and stress corrosion cracking.
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