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Metals spontancously undergo pradual dr.,strucnon when L\DOSCd to the
atmosphere.  In chemical tcnnmology such dcstruct:on m Lnown as

COITO’QIOH

-‘? 1 Corrosion is defined as the rcacllon of a mctalhc matt.nal wnh 115 '
environment, which causes 2 measurable change to the nmtuml and can
result 1 a funchoml failure of thn. mcmlhc componcm or, ot a complete--

system. | .
- Exposurc of the surface to air. w'ucr and caushc chcmlcals are
responsible for corrosion. Since mctals are good ‘conductors,’ they
undergo. electrochemical changes on their surfaces. The compound-that -
1S formui during corrosion 1s referred .10 as corrosion pm.:!uu and the
éa metal surface 1s said to be corroded. 1he corrosmnincd:a arc gcnerall)

liquids (mostly aqucous ‘solutions). hut also sohds and mscs

. The surface changes duc 1o corrosion are carried throu;,h lhc cqmpmcm?f
and destroy thc'pcrformhnc':c:}nd fabrication in duc cou1sc. Some times,

the lecached metal may contaminate the product “The ‘material of con-
struction must be resistant to corrosion and crosion. Hence. adequate
; attention should be paid while selecting the. mat:.,rnls {or constructmn of
| cqtllpmcnl | -
f ' ~ Corrasion can be either dry or wet typc.

'/ . Dry corrosion : 1t involves the direct attack of dry gascs (air and
Cii / ov.ygcn) on the metals through chemical reactions. As a result an oxide

layer 1S fonmd over the surfacc. This type orcorrosmn is not common.

' \

Wet corrosion : lt involves the direct att'u:k of aqueous mcdm
(strong or dilute, jcidic or alkaline) on metal through clectrochemlcal
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reactions. The moisture and oxygen are dlSD responsible.
corrosion is quite common.

Appllc.ltmns

- Knowledge of corrosion is helpful in certain areas to prevent pmblexm

Dies and punches : In the compress;on of tablets. dies and punches
should be free from rust 2nd corrosion. Chromium plated dies and

punches are used, so that the problems such as pits and abrasion can be
avoided. '

¥lilhing equipment : In these equipment, a perfect fit between the
moving parts should be maintained for effective size reduction. Though
corrosion does not effect the performance of the mill or product, surface

imperfections do not facilitate proper cleaning of the equipment. Hence,
the associated problems persist.

Chemlcal processmg reactors : Diverse nature of solutions which
come in contact with the reactor surface often lead to corrosion on
- account of corrosive media and environmental conditions.

Fermenters : Glass. glass-lined and stainless steel (S.S.) materials

are used: for the construutlm of the fermentors. During fermentation, the

release of trace metals from the equipment may have deleterious effects

~on the enzyme system and metabolic pathways of the organisms. The
~ possible corrosion aspects in fermentors are pits and crevices, which
make it difficult to clean "and remove the contamination. Most of the
operations are conducted at normal temperatures and the pH of the
media would be around neutral.

sterility and prevention of contamination are important considerations in
the construct:on of fermenters.

Storage containers : Prolonged storage of reactive chemxcals leads
to corrosion of the containers.

This chapter highlights the general aspects of corrosion such as
corrosive environments, prmcnples types of corrosion and measures to

prevent corrosion.

~ THEORIES OF CORROSION
The metal surface undergoes an electrochemical reaction with the
moisture and oxygen in the atmosphere. This theory is known as
electrochemical theory of corrosion. The mechanism involves the forma-

tion of a galvanlc cell (anodic and cathodic areas), by different metals

(for example. Fe and Cu) or in different areas on the same piece of metal
(for example. iron).

This type of

Maintenance of hygienc, nced for |

o
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When galvanic cells are formed on diffcrent mctals- the corroston 1§

Known as galvanic corrosion. ‘Thesc reactions arc illustrated using cllhc
metals in the presence of cletrolyte solution such as hydrochlorlc a-::l

Corrosmn Reactions on S:nﬂle Metal
Flectrochemical reactions are llluslratcd by considering the corrosmn |
on a picce of iron n h)d:ouhlorzc acid.” Anodic and cathodic arcas are
formed on the surface of iron, owing to surface 1mpcrﬁ,cuons (localised
stresses. grain orientation, mc.,lusmns in the mctals) or duc to variations
in the cnvironment. Numcmus tiny rmctlons may occur (Fagurc 16-1).

L - !
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Anode (oxidation)

. ded
Electrolyte corfo »

(HCL)

Cathode

Iron piece

Figure 16-1. Electrochemical mechanism of corro-
sion. Difterent arcas on 1hn, 1ron pICCL arc illustrated.

"'"J"'.,

Reaction at anode O\Id'itlﬂm takcs placc with the relcase of

clectrons.  Positively charged iron atoms- get dctached from the solid

surface and enter 1nto solution (elcctrolytc) as positive 10ons.

At anodc: (mdxcatcd by mubh surfacc)

Fe —> I'¢ -ﬁ 4 A0
(oxidation) | _
The released free clc&.trons (ncg._,atwc charge) pass round the ¢external

ALl i R ‘
circull A

Rcaclmn at cathode : . Reduction "of constituents occurs with the
taking up of ‘electrons. The free clectrons rcach the cathode and react

with some positively charged species such: as” ‘hydrogen: ions in ihe
o ctml)tu solution. In the abscncc of acid, watcr nq'.lf dissociates 10

erate H' ions. _ ' | e :

Al -(:mhode: 2R 40 -—--) Ho1

J i

U“

’ (indicmtd by formation of

(Reduction) bubbles at the suriace)



“embrittlement.
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| lhc' amount of metal (iron) which is dissolved in the electrolyte is
propottional to the number of electrons flowing, which in turn is depend-

ent upon the potential and resistance of the metal.
The overall reaction: Fe + 21,0 —> Fe(OI); + st

Red brown rust

ngh evolution of Hw accompanics rapnd corrosion such as h\.fdrog,cn
Depletion of hydrogen also enhances corrosion. In

-modemtc concentrations of H,, corrosion slows down.

L

P ¥ '-'

(,-orrosion' Rcactions Between Metals
Galvanic corroston results from the flow of current from 9 more
active metal (anode) to a less active metul (cathode). For example, zine

dissolves and torms an ..mc.rd::., while copper (Cu) forms the cathode. s

These two metals form two electrodes and their presence in an electro-
lytic solution torms a galvanic cell (Figure 16-2).

T Anode Cathode
/ | _(Z_rj) ” (Cu)
P qxldahon reduction

Electrolyte (HCL) -

e Figure 16-2. Galvanic mechanism of corrosion.
- Reactions between different kinds of mclals

Spontaneous reaction can occur when two electrodes are connect:.d
throwh an external wire. Reacnons at anode and CthOdL are:

At anode:. il —) Zn‘H' & 2.e”

| ind.cated -
s ( ed by rough surface)

(indicated by forma{ion of
bubbles at the surface)

At émhode: 2H" + 2&- ._)‘ H,f
(Reduction) E

(i

L e L

e S D e
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~ The corrosion current ﬂows at the cxpcnsu of thc anode metal, which
ets C orrodcd continuously, whidie as the cathode metal is protected.

In some cases, cvolution of the hydrogen gas is slow. The accumula- -
tion of a layer of hydrogen on the cathode surface slows: down “the -
corrosion. This is called cuthodic polarisation. It forms an insulating
layer that slows down or stops the electrochemical reaction., . v o -

I r'.‘cw i

.Corrosion lnvolvmg Oxygen = . S i

~ The oxygen dissolved in an clectrolyte can react wzth accumulatcd
hvdrogen to form water. Decpletion of hydrogen la"cr allows corroston .

to procccd

At cathode: O9 + ”Hg — 2H,0  Corrosion procu.,ds duc to
d:.plctlon of hydrogen

The above recaction takes place in acid media. When thc corrosion
media is alkaline or neutral, oxygen is absorbed. The presence of
moisture (or water) promotes’ corrosion. The effective concentration of

oxygen in water adjacent to cathode depends upon the dcg,rcc of acra--
tion, temperature<and presence of dissolved salts. -

'FACTGRS INFLUENCING CORROSION  _ «

A number of processing factors affect the rate of corrosion..

Solution pH | _
The pH affects thc, ratc of corrosion of 1m.tals by onc of the three

general patterns. L5 Ta—

(1) Metals such as iron dissolve 1.-.1p:dly m ac:dlc .solmlon. In
the middle pH range (4 to 10), the concentration of H™ ions is
low. Hence, the corrosion ratc is controlled by the rate of

transport of oxidizer (oxygen).

(2) Certain amphoteric metals dissolve rapidly in either acidic or
basic solutions. Examples are aluminium and zinc. Corrosion

proceeds.

(3) Noble metals arc not affectcd by pH Examples are gold and
phlmum o - s v

The HT ions have a tendency to take up clcctrons to form H, gas.
Thercefore, HY itons capture clectrons and pyomotc anodlc conoston e

. “.l d i

Oudlsmg Agcnts ' . A v
Oxidising agents may f1ccclcrate the corrosion of one class of matc,rl-f

*
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(2) The accumulation of insoluble film on the metallic surface is
prevented.  Thercfore, corrosion resistance of these films
decreascs. ' sl - bt BLOYE - B

(3) The corrosion products (or film) arc c sxly suﬂcd and carrlcd
away, thereby exposing the new ::.urfaCa.s for corrosncm

als, whereas retard another class.

Oxidizing agents such as oxygen (Oj) react with hydrogen to form
water. . Once hydrogen is removed. corrosion is accelerated. For
example, copper in sodium chloride solution follows this mechanism.

Oxidising agents retard corrosion duc to formation of surface oxide
films, which makes the surface more resistant to chemical attack. There-
fore, adsorbed oxygen layer is essential. Thus a balance between the
power of oxidising compounds to preserve the protective film and their
tendency to destroy the protective film determine the corrosion of the
metal. For example, an oxide film is rapidly formed on stainless stecl.
This film cannot be dissolved or destroyed easily even in severe operat-

ing conditions. However, sulphuric acid and hydrochloric acid can
C'ISII}’ dLStI’O) this oxide film.

. 2t

Thus corrosion procceds unhmdercd.' Tlns factor is responsible for
the corrosion of a number of equipment parts, such as- condensers,
cvaporator pipes (in the vicinity of bends in the pipes), propellers,
agitators and centrifugal pumps.  Corrosion occurs frequently in small
diameter tubes/pipes through which corrosive liquid may bc, c:rculatud at
high speeds as shown in the above examples.® = & o o0

* : H’.L:;‘,- . _ | _
Surface Films = . Py Shigis. alhh i R RE S

Once corrosion 1s started, its further progress is often controlled by
the naturc of surtace films. A varicty of surface films have been
observed. Sk I (o SO i Tl

Thin oxide films are formed on the surface of stainless steel (rusting).
These films tend to retain or absorb moisture, which delays the time of
drymng. Hence. the surface cxposure to atmosphere or corrosive vapour

increasces the extent of corrosion.  The rust films formed on low alloy
steels arc more protcctivc than thosc l'ormcd on unalloyed stcel.

Tempcr;aturc . i
 The rate of corrosion tends to increase with rising temperature. It has

a secondary effect. The influence of temperature on corrosion may
follow several of these mechanisms.

(1) Increase in temperature reduces the solubility of oxygen or air.
The released oxygen enhances the corrosion.

(2) Increase in temperature induces phase changes, which enhances

“the rate of corrosion. At high temperatures, organic chemicals

are saturated with water. As the temperature decreases. water
gets contlensed. '

Insoluble salts such as carbonates and sulphatcs may be precipitated
from hot solutions on the mectal surhrcs These protect the metal

surfaces.

[f the film is porous (examplc is zinc oxide), corrosion continues.
Nonporous films (example is chromlum oxide film on iron) prevent
further corrosion. _ ,

Oil and grease films may occur on the surfaces either intentionally or

(3) Oxygen is needed for maintaining iron oxide film, which pre-
vents corrosion. In the absence of oxygen (duc to increase in
temperature). the corrosion of stainless steel increases.

(4) Copper-based alloys do not depend on the oxide. film for corro-

& | sign. naturally. These films protect the surface from direct contact with
TR corrostve substances. Examples are metals submerged in sewage or
cquipment used for processing otly substances.
Velocnty

Other Factors _ | _ _

The concentration of corrosive chemicals. in ,the;cnvironmcnt. influ-
ences the rate of corroston. In equipment such as distillation columns,
reactors and cvaporators, the concentration can change continuously,
making prediction of corrosion rate difficult. In addition, corrosion rates
are seldom lincar over a wide range. Concentration is important during
plant shut-down. The presence of moisture that collects during cooling

When the corrosive mcdlum moves at a high velocity along the
metallic surface, the rate of corrosion frequently increases. High veloc-
. 1ty has the following effects.

(1) Corrosion products are formcd rapidly, because ‘chemicals (in-
cluding oxidisina substances) are brought to the corroding surface
‘at a higher rate. - . '
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TYPES CF CORROSION

Purc metals and their alloys tcnd to enter into chemical union with
the components of a corrosive medium to form stable compounds Corro-
sion can be broadly classified as follows.

1. Fluid corrosion, General

2. Fluid corrosion, Localised
3. Fluid corrosion. Structural
4. Fluid corrosion, Biological

Fluid Corrosion : General

When corrosion is generally confined to a metal surface, it is known
as general corrosion. This type occurs in a uniform fashion over the

entire exposed surface area at a wide range of tempumturcq General
corrosion is of two types. i e

| Physicochcmical-'corrosion : The cffects of this type are swelling.,
crazing. cracking. softening etc. Examples are plastics and nonmetallic

material.

Fluid Corrosion, Localised

Specific site corrosion

t— Intergranular corrosion
Pitting corrosion

Crevice corrosicn

Stress induced corrosion
t Stress corrosion cracking
Corrosion fatigue |
I——_ Fretting corrosion
Liquid flow related corrosion
Erosion L
Impingement attack

Cavitation erosion .
'y

Chemlc_al' reaction related corroiion

— Galvanic corrosion

Oxygen concentration cells

Hydrog*-en embrittlement

Figure 16-3. Classification of localised fluid corrosion
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Clectrochemical corrosion : This type of corrosion occurs at dis-
crete points ot metallic surtaces when clectricity tlows from cathodic
arca to anodic area. Metallic surface gets divided into anodic portion or
cathodic portion. ‘ :

Fluid Corrosion : Locahsed R sl ; -

Fiuid corrosion is the most frequently observed on different locations™
in a material. It occurs in numerous ways. It is further classified as
civen in gure 16-3. | | '

Specific site corrosion : Mechanically weak S]')Olb or dead spots In a
reaction vessel cause «:pcuﬁ.... SILC COFTosion.

fmw*-gramdar COrrosion : Selective corrosion that occurs in the 2rain
boundarics n a metal/alloy 1s called as intergranular corrosion. Micro--
scopic examination can reveal clearly the intergranular corrosion. When,
severe, this attack causes a loss of strength and ducnht) out of propor-
tion to the amount of metal actually destroyed by corrosion, Cr}'xlallmc
unm structure as such 1s not attacked dpprecmbly One uamplu 15

&~
;-.a;,-

Grain boundary |

N il‘ric hot condition
ek B - - preciprtation

Austenitic’
stainless steel

Stainless stecl 1s st ll"lh}t.,d by mcorp(irmon of moblum/t:tamum or
carbon (less than 0.03%). U .

g

Pitting corrosion : This type of corrosion results in development of

~pits and cavities.  They range from deep cavitics of small diameter to
shallow depressions. LExample 1s:

chlnndt.s

Alloy of aluminium Aqueous
lloy 1he ——-—-—-——-——-————-—-) Cawm,s o

o + 7o
or stainless steel - solution

Pitting of a metal occurs when there is a break in the protective oxide
layer and imperfections on the underlying metal. Inhibitors arc somc-
times helpful in preventing pitting corrosion. ' '

£
'HI

Crevice corrosion > In this type, corrosion occurs In ¢revices because
solutions are retained at such places. which takes longer time to dry out.
When this occurs, the inteasity of attack is usually morc severe than
surrounding areas of the same surface. Crevices are formed becausc of

the metal contact with another picce of the same or other metal or'with a

nonmetallic material. Corrosion in the crevices i1s due to 2 number of
roeacons 1< CI1IVen holnw: ' y
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= Dehiciency of oxygen.
= Acdity changes.

- = Buildup of 1ons.

e Dgpletmn of mhlbllm

‘-.tncss induced corrosion : Residual internal stress in the metal or
cxterml dppll(.‘.'d stress aLLLICF’Ilﬂ the corroslon Residual internal, stress
1S produccd Hye.: . . '

- Dectormation during fabrication.

'_ - Unequal rate of cooling from high temperatures.
— Internal stress rearrangements involving volume changes.
- Stress induced by rivets, bolts and shrink fits.

Llininating high stress areas prevents this type of corrosion.  The.
external stress can be Kept at minimum by employing suitable experi-
mental conditions. '

At the surface. if thr: tensile stress T

equal to or more than the yicld stress. the surface develops Lrack% This
is known as stress corrosion cracking. Examples are:

1;.:' » - »
Stress corrosion cracking

- Cold-formed brass develops crack in the environment of ammonia.
anbrittlement cracking of steel is observed in caustic solution.

Corroxion fatigue : Corrosion fatigue is the ability of a metal surface
to withstand repeated cyceles of corrosion.” The metal surface is stressed
~and simultancously: attacked by the corrosive media. - Pits (concentration
po,i.,m:-:)i indicating corroston are formed initially, which further develop
tnto cracks. - As this process continues. the surface looses its faticue
resistance and ultimate tailure of cquipment.

==

The protective surface oxide tilm reduces corrosion. Under cyclic or

repeated stress conditions, rupture of protective oxide films takes place

at a higher rate than at which new protective films can be formed.
- Therefore, the rate of corrosion is enhanced. p

Fretting corrosion : Fretting corrosion occurs when metals slide over
cach other and cause mechanical damage to one or both.
movement of metals, two processes may occur, (i) frictional heat is
generated, which oxidizes the metal to torm oxide films (ii).removal of

the protective films resultmg, in exposure of Ir«.sh surface to corrosion
attack. f i _ . 1

This can be avoided by using harder materials, nunnms*nL friction

by lubrication or by proper designing of the equipment. so that no
relative movement of parts takes PLICL

- stiflc the corrosion reaction.

| i Erosion
attrition caused by the flow of liquid/gas (with or without suspended
solids). The additional factors that can influence erosion mclude

;;_-“.f | Cavitation crosion

During relative
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Flow related corrosion ; Liquid metals can cause corrosion. Usu-
| ally the driving force 1s the tendency of the liquid to dissolve solids or

Corrosion rate 1s enhanced at high temperatures. A few examples are:
1 - Mercury attack on aluminium alloys.

o ~ Molten zinc on stainless. steel.

[mpingement corrosion
or velocity uccelerared corrosion.

[t 1s accelerated by removal of
COIrosive

products (such as oxide films), which would otherwise tend to

i P

. Erosion is the destruction of a metal by' ab'rr.isio'h "':.md

man ganese elc.).

. | - - Pipe system design and component Lt.ometr)

~ Water and steam composition (especially pll and oxvgen
content). |

_ The u*:a. ol harder mr..tals and chanﬁes In veléctw or enwronment are

4 used to prevent erosion. T

in a liquid stream passing over a surface is kncmn asfcavitation. The
bubbles may collapse on the metal surface thereb) causing severe impact
f,- or explosive eftect. Therefore, considerable damage: and corrosion is

| observed. The protective films also get dcstroyt.d due to impact.

* Cavitation erosion is obserwqqaround pmpellt.rs l‘llddEl‘b In pumps
B,

Redesign, use of a more resistant metal and protective coatmgs are
‘required to avoid tlus typc of corrosion.

reactions such as oxidation and reduction at anode and cathode, respec-
tively., |

J

1
b Chemical reaction related corrosion : Corrosion involves chemical

|

l

|

) Ga[mnfc' corrosion . Galwamc corrosion 18 assocmted wlth the ﬂow

. of current to a less- actwe metal (copper C"lmOdt.) from a.more-active
metal (zinc anode) in' the same environment.

which are widely *;n.pnrmcd in the electrochemical series. g,cm.ralh pro-'

duces an accelerated attack on the more active metal zinc. it.e.. anodic

.corrosion.  Therefore,” a combination of metals which are as cloqe as
possible in the clectrochemical smeﬂ; should be chosen.

» 5

!

penctrating the metal along the grain boundaries af places of wetting.

: This is also referred to as erosion-corrosion

— Alloy contents of the steel (for example, chromlum c0pper

. Formation of transient voids or vacuum bubbles

Couplmﬁ of two metals,

s
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In galvanic corresion. the effect of area is very important. For
cxample, stecl rivets on copper (Cu) plates will corrode much more
rapidly than a steel plate with copper rivets. Corrosion at the anode may
be 100 to 1000 times higher, if the two areas are same.

Protective oxide films tend to reduce galvanic corrosion. Insulating
materials can be placed between two metal faces to prevent corrosion.

For example. plates when bollcd together, specially designed plastic
washers can be used.

Oxygen concentration cell © This type of corrosion i1s duc to the

presence of oxygen clectrolytic. cell, ile., a difference in the amount of

oxygen in solution at onc point exists when compared to another.
Corrosion is accelerated where oxygen concentration is least, for exam-
ple. under gaskets, stuffing boxes etc., because formation of an oxide

film 1s not possible. This also occurs under solid substances that may be .

deposited on a metal surface as ready access to oxygen is shiclded.
Redesign/change in mechanical conditions must be used to overcome
this situation.

Ivdrogen embrittlement : Hydrogen can penetrate carbon steel and
reacts with carfon to form methane.  The removal of carbon results in
decrcased strength.  Corrosion is poss:ble at clevated temperatures as

significant hydrogen partial pressure is generated. This causes a loss of

ductility, (hydrogen embrittlement) and failure by cracking or blistering
of the stee!. Resistance.to this ty pe of attack is tmproved by '1llmmﬂ
with chromium/molybdenuni.

Hydrogen damage can also result from hydrogen generated by
clectrochemical corrosion reaction. The atomic hydrogen formed on the
metal surface diffuses into the metal and forms molecular hydrogen at
micro-yoids. The result is failure by embrittlement, cracking and blister-
ing. This phenomenon is observed in solution of specific weak acids
such as hydrogen sulphide and hvdrocyanic acid.

Fluid Corrosion : Structural *

In structural fluid corrosion type, the structural (mechanical) strength
Is reduced on account of corrosion. This may occur when one compo-
nent of the alloy is removed or released into the solution. The corrosion
products may remain in the plant. Two examples are presented here.

Graphite corrosien : Graphite is an allotropy of carbon. Graphite
corrosion occurs in gray cast-iron. The metallic iron is converted into

corrosive products leaving a residue of intact graphite mixed with iron
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corrosive products and other insoluble constituents of cast iron. When
the layer of graphite and corrosive products is impervious, corrosion will

cease or slow down. If the layer is porous, the corrosion wii! progress
by palvanic behaviour between graphite and iron.

When carbon steel is heated for prolonged periods at temperatures

higher than 455°C. carbon may get segregated, which is then trans-

formed into graphite. Hence, the structural strength of steel is affected.
Employing Killed steel or low allox ed steels of chromium and molybde-
num or chromium and nickel can prevent this type of cormsxon

Dezincification : This type of corrosion is seen in brass that contains
more than 15% zinc. In brass, the principal product of corrosion is

metallic copper, which may redeposit on the plant. - Another mechanism

involves the formation of zinc corrosxonuproducts leaving the tOpper.
residue. ; ' _ ,

.

Corrosion may occur as plug filling pits (plug lype)' or 'as continuous

layers surrounding the unaffected core of brass (general type). It can be

reduced by the addition of small amount ol arsenic, an*ﬂnony or phos-
phorus to the alloy. '

Fluid Corrosion : Biological i i _
The metabolic action ‘of microorganisms can ecither directly or indi--
rectly cause deterioration of a metal. Such a process is called biological

corrosion. Microorganisms associated with corrosion are cither aerobic

or anacrabie. T hc causes Ior bIOaO”ICal corrmion are:

(1) Pmduum. COrrosive environment or a]termg em':ronmcmdl com-
pnmtmn

(2) Creating elt.ct:olyt*‘-com entration cells on the metal surface
(3) Ailering resistance te surface films,

r't!.:-l
ot

(4) Inﬂuencmg the rate of anodic/cathodic reaction.

Reducing bacteria ; b
Sulphates - , dydrogen  Calcium
e Anacrobic :.Lﬁ;lphitqﬁ 7 sulphite .
St | Oniron "
¥ ﬁ:ﬁ; . .
- . in soi}

« . Iron sulphide
(corrosion product)
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J

The role of biological corrosion may be explained. using anacrobic
sulphate reducing bacteria in slightly acidic or alkaline soils.

As these bacteria thrive under these conditions, they will continue to
promote this reaction until failure of the pipe occurs.

PREVENTION AND CONTROL OF CORROSION

Selection of Proper Material

Corrosion should not be permitted in fine mesh wire-screens, ortfices
and other items in which dimensions are critical and changes arc not
permitted. '

In many cases, non-metallic materials will be useful and attractive
from the point of view of economics and performance. These should be
considered it thetr strength. temperature and design specitications are
satisfactory. ; Ll . ' _

Permissible corrosion rates are important factors and difter with
equipment. Appreciable corrosion can be permitted for tanks and lines.
if anticipated and allowed for thickness in its design.

The corrosion characteristics of chemicals and limitations of con-
struction materials must be considered from the literatuce before sclecting
equipment, In addition, processing conditions to which the matcrial is
exposed should also be considered. For this purpose, relevant luierature
should be consulted. U

Proper Design of Equipment
In the design of equipment, a number of fittings such as baffles.
stiffeners. drain nozzles, location of valves and pumps snould be consid-
ered.” Corroston can be minimised, if the equij.ment design facilitates:
- Elimination of crevices
'~ Comgplete drainage of liquids
— Ease of cicaning | _
" - Ease of inspection and maintenance
A dircct contact between two metals should be avoided. if they are
separated widely in the electrochemical series. Otherwise, they should
be #sulated. Equipment should be supported in such a way that it will
not rest 1n pools of liquid or on damp insulating material. -

Coatings and Linings

Nonmetallic coatings and linings can be applied on steel and other

materials of construction in order t¢ combat corrosion.  Appropriate

b

fl

maximum dilution can be obtained.

L
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methods such as electroplating, cladding. oreanic coatings should be
considered.  The thickness of the linings is important (100 mi's). Effec-
Ative linings can be obtained by bonding directly to substrate metal or

building multiple layers or lamination.

Organic.coatings are used as ‘linings in equipment such as tanks.

piping. pumping lines and shipping .containers. Some examples of the

linings are:
— Ceramic
-- Elastic

— Carbon brick
— Glass-coated

~ Plastic
. -, Organic
A thin non-reinforced paint-like coating of less than 0.75 mm thick-

ness should not be used in services for which full protection is required

from corrosion. Some examples of linings and uses are: -
'in coated steel (tin plate) — food containers

~Lead (Pb) coating (Terﬁ_e plate) — roofings
Aluminium (Al) coated steel - high temp conditions

Zinc (Zn) coated steel — many atmospheric conditions
_

The cladding (i.e., mechanical bonding) of steel with an alloy is
another approach to this problem. For instance, special glasses can be
bonded to steel so that the liner is of 1.5 mm thick which is impervious. .
Equipihent and pipings are lined in this manner and routinely used in
severely corrosive acid services. '

| £ s £
- _{- : i

Altering Environment

Corrosion can be combated or reduced By employing.tih’c following

.environmental conditions. | |

(1) Removing air from boiler feed water prevents the influence of
‘water on steel. - & -

(2) Reducing acration prevents the fonnaiion of péssive- oxide film
in stainless steel alloys by acidic media.

(3) Pumping of inert gas into sOIu_tidn-S-:prevents the contact of air or
oxygen as In case of nickel based alloys. '

(4) "Reducing the temperature. :

~(5) Eliminating the moisture. _ )
(6) Reducing the velocity or turbulence. v .L
(7) Shortening the time of exposure. S :
~Additton of acid media shoul'd*be done as a“last SIBP; Sd tHat

{ s*
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Inhibitors

~ The corrostor inhibitors are
corroston of metals.

added to the cnvironment to decrease
These form protective films.

Adsorption type, for example, adsorbed on the metal.

Scavenger type, for example, remove corrosion agents.

Vapour phase type, for example, sublime and condcnsc on metal

At surface.
Examples of inhibitors are given below. - o oy
Inhibitors Material protected in the media

Chromates, phosphates, silicates — iron and steel in aqueous solution.

Organic sulphides, amines -- iron and steel in acidic medium.

- — stainless steel in hot diluted
solution of sulphuric acid

Copper sulphate

Inhibitors are generally used in quantities less than 0.1% by weight.
[n some cascs, the amount of inhibitor used is critical.

Cathodic Protection f
The cathodic protection is based on the galvanic action between the
metal(s) of the plant (cathode) and anode suspended in the solution. The
metal to be protected is made a cathode, i.e., electrons are supplied, there
by dissolution of metal is suppressed. This can be achieved by two
methods.
(1) Sacrnificial anode method
(2) hinpressed emf method

Sacrificial
anodes
-ve cathode
P ALk~ (no corrosion)
) _. — — Metal container
oy £ Hlmgmpand i dogedbeecon to be protected

¥

Electrolytic solution

Figure 16-4. Simple sacrificial anedes.

»
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- Sacrificial anode method : In this method, anodes are kept in
Llcdncal contact with the metal to be protected (cathode). The anodes
arce sacrificed. singe’it goes into squtlon (Figure 16-4). For example, for
the protection of iron and steel tanks, the metals su:..h as. zinc, alu-
minium, magnesium and their alloys are used as sacriﬁual anodes
These are used in himited pH range when high solution ratt. IS accept-
able, since these are amphoteric.

Anode metal’is selected from the electrocha,m:ml series ..lmonnqt the

metals present below the tank metal.
ous and not detrimental to the product.

. The anode should not be poxson-

: This is also known as applied current
l.e., external veltage is impressed between fank and electrodes.

Impressed emf Method
svstem, |

. The negative terminal of power supply is connected to the material to be

protected. Therefore, the natural galvanic effect is avoidgéd.and the
anode i1s maintained positive (Flg,urc 16-5). g

Cathode 1’
(no corrosion)

| o
| Electrolytic I - — l
solution S

+ve — 4ve —4  Anode

- ey e ey E——

+— Metal container
to be protected

Figure 16-5. Impressed current cutl_mdc.pfdtcction.

1

Since anode.is not consumed, any conducting material, metal or non-

éorrodable alloys can be used. For example, in case of sulphuric acid
and delomsed water, graphite and high silicon steel are compressed. The
anodes can be buried in the ground or suspended in the aqueous solution

of electrolyte.

Advantages : (1) This method is used for Iargc"tanks to store mild
corrosive liquors. In these cases, mild steel i3 used mth negligi-
ble corrosion.

¥ .?‘
-
i

- (2) Cathodic protection method is simple and the most éffcctivc

(3) Itisinexpensive. It €nables the use of' cheaper matenal For plant
construction.

\
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Each question carries S marks

e e it . R i i e Bl i e

Disadvantage : Corrosion cannot be reduced to zero.

. | | What is corrosion? Mention the factors that influence rate of corrosion.
Anodic Protection T | 1 Explain measures you suggest to check the problems of corrosion.
In the mecthod, a predetermined potential is applied to the metal | *

specimen and the corresponding current changes are observed. During
the initial stage, the current increases indicating the dissolution (corro-
sion) of the metal. When the current reaches a critical point, passivisation
occurs, 1.e., the oxide layer sets in a suitable oxidising environment. The .
potential at critical point is called passivating potential. Above this " ,

- | | ; Each question carrics 10 marks

passivating potential, the current flow decreascs to a very small value § . _ . . e
called passivating current i g | 1 . What is corrosion? Name the various types of corrosion. How can
corrosion be prevented?

Write clectrochemical theory of corrosion.

2.
3.
4 Describe the biological corrosion and suggest thc-pr"evcnﬁvc measures.
5 Describe the mechanism of corrosion of iron.

6.

Define corrosion. Give its causes. Classify corrosion.

A
~ The passivating current is defined as the minimum protective current

ot o S e > Discuss various types of corrosion and suggest the methods to tackle the
density required to maintain passivisation. i *

same in pharmaccutical industries.

e
Y
¥

At this Stagg,e, an increase in potential will not corrode the metal since

the latter is in a highly passive state. For example, in case of stainless - . .
steel, titanium becomes easily passive and cannot offer cathodic protec- ?; ~ . _
tion. In such cases, the corrosion rate may be slowed down by the use _ ot o8 B iy Tl 57 ed i 2 v

of anodic current. __ ! | :

Advantage : Anodic protection requires a small current. The anodic

vprqtection method is utilised in the transportation of concentrated sul- A
phUI’iC acid. Vg | 6 by

Tl

Disadvantages : (1) Corrosion cannot be reduced to zero.

(2). This method cannot be applied for metals, which do not passivate.

A proper material should be selected for a specific process based on K | ., o
the literature and by personal experience. The factors influencing corro- |
sion will not only help in selecting the right kind of material, but also
‘suggest the processing conditions. It is equally essential to identify the
type of corrosion, if it occurs. Since the theories of corrosion are
known. it is possible to adopt appropriatc preventive measures.

o

QUESTION BANK Ay

Each question carries 2 marks

1. Explain the terms * pitting corrosion” and “galvanic corrosion’. )
2. Give the applications ol protective linings and coatings with respect to
corrosion control with suitable examples.

3. What is the role of plastic washers in the corrosion of metals?
4. How oxide films are formed” What sre its advantages?

5. llighlight the role of oxygen in the corrosion of metals




