< ELECTRO CHEMISTRY

1. Theories of electrical double layer
1.1 Helmholtz- Perrin theory(model)

2. Gouy - Chapman theory( Diffuse charge model)
3. Stern model

2. Electro kinetic phenomena- Zeta potential
3.Elecrifed interface

L. Electro capillary phenomena( Thermodynamics of electrlﬁed nter rf
2.Lipmann potential .




5. Transport of ions in solution |

. 1. Debye- Huckle-Onsager conductance equation
2. Extensions of DHO theory
1. Definition

J 2.Efficiency requirements
3. High temperature and low temperature fuel cells
4. Hydrogen oxygen fuel cells
5> . Hydrocarbon — oxygen fuel cells
6. Applications
8. Corrosion
1.Chemical corrosion

1.1 Mechanism
1.2 Pilling — Bedworth rule
2 . Electrochemical corrosion
2.1 Mechanism
2.2 . Galvanic corrosion
2.3. Differential aeration corrosion
3. Factors influencing corrosion
4. Corrosion control
4.1 Sacrificial anode
4.2. Impressed cathodic current methods
4.3. Corrosion inhibitors
| 5. Protective coatings
| 5.1 Organic coating
Paints — constituents and functions
5.2 Metallic coatings
5.1 Electroplating (Au)
5.2 Electroless plating (N1).
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 MHOLTZ- PERRIN THEORY(MODEL) e&m:w &0;,..- oy

According to this theory, the charge on the metal, draws out in to the
H, nter —layer of charge ot opposite sign. Thus the electrified interface consists ef two she
gfﬁharge one on the electrode and the other in solution. These are at a certain dis '
cach other, and together form the  electrical Goubie layer”. The charge densities on t

javers 1S represented by Helmholiz as a parallel plate condenser.
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Therefore the electrostatic theory of capacitors can be applied for double layers. On
the basis of parallel plate model of double layer. the potential difference across 4 condenser

of unit area 1s
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Differentiating we get dV = ——dq  chargelq) |
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‘ ' ‘hese two lavers of charge is a linear one.
This shows that the potential drop between these two lay g

Limitation:

Thi yde] predicts that he electro capillary curves are perfect parabola. But
his mc =~

: : 15 2 slignt asymmetry. 3
- : 1C but there 1s a Siig e g A
actually . the curves are parabol — 0. il
PR &« '

|\ .\
2. GO“Y = Chapmanu theory (:'" A ‘“‘.'.

the ions are spread out in solution forming a diffused.

Jecerding o tis BT ,e layer is controlled by electrostatic forces.

or. The diffused doub!
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when x = 0, ¥-Y¥,
& In¥=c
substituting in the above equation
n¥ =-kx+InYs
m¥Y- In¥Y0 =-kx

q‘ —
In it kx
taking exponential, ¥ = Y0 e ™
3. The Stern model:

According to this theory. the ion- centres are taken as not coming closer than a
certain distance ‘a’ from the electrode..The ions close to the electrode are constrainedinio

a rigid Helm.noltz piane and outﬂde the phase, the ions are dispersed as Gouy — Chapmann
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. ro osmosis or Electry-endos Mosis.

I : When electric field is applied between a solid and liqy
":ﬂﬁiﬂ phase 1 .ﬁxed ( in the form of diaphragm), the liquid will tend to move throug
pores of the diaphragm . This movement of tiquid, through the pores of the diaph: agm,

v et 4 pE )
s
i

the influence of electric field is known as electro osmosis or electro-endosmosis. 18
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) Catapheresis or Electrophoresis Crph

When electric field is applied between a solid and liquid phase, and if the solid
R,

phase CONSIStS of small particles suspended in liquid. application of electric field results the
movement of solid through the liquid. This is known as cataphoresis or electrophoresis.
AR ke T

3 Streaming potential (Quincke’s petential) + Y EUNEE ME S
When relative motion is brought about mechanically, the displacement of'chj?f;_j‘ﬁ_,

¢ to each other. will result in the production of difference of potential

layer with respeci | f .
between any two points in the direction of motion. This potential is known as streanung

potential This 1s reverse of electro 0SMOSIS.
If

4 Sedimentation potential or Dorn effect | . o
ﬂﬂhg otential arises when small particies are allowed to fall through water

; ¢ " ect
inder the influence of gravity s Known as cedimentation potential or Dorn effec

s I
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5. x ; e + © *i—,- |
e potentlal il diff e . at the interface between any two ghases at NS
ihe potentis potential or electrokinetic potential.( from Greex

¢ electrically charged layers of opposite signs ai
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ace tension). A change in potential difference across the interface

w psition of the interface which in turn changes the interfacial ten

" capillarity. _
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| The curves obtained by plotting interfacial tension versus changes in POEHEE

4

~ gifference, are known as electro capillarity curves.
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qurface tension( electr‘cylaﬂty Curve

=

Potential difference across the svstem{V)

through a maximum, which 1s called

: $ e surface tension passcs _
On changing the potential, th | N 1 surface e
cm). With further in crease in potenual, S nsion

eiectro capillary maximum( € | s o
decreases. The slopes at various vaiues of cell potentials will give the values of charge ‘
A — charge, V- potential,, then |

density ( q ). if y is surface tension, q )

b

s 2Y  This is known as Lipmann equation.

-

substituting in equation i, we get




Lipmann capiflary electrometer:

The relation between surface tension and potential is studied by lipmann nﬁl‘

electrometer.

The apparatus consists of 1. A polarisabie mercury surface 2. A non poiarisable electrodef

o 3 9. ; } o 7 ST Ay |

calomel elects oge) >. An external source for varying potential 4. An arrangement to measure
the surface tension of mercury in contact with the solution.

Diagram:




o to Debye — Huckel theory,
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gachion s surrounded by ions of opposite charge giving rise to an ionic ats
o '*r"-:l_l.-ll _

r 1 _r_ . :
1 thickness of the ion atmosphere is gi - “zz 2
, Th given by y = ( Z 12' )

Where Cf— CODSt?NF 48x 10 < es unit ,K = 1.38% 10 -16 D_dlelecmc m .—..:_
mnnbﬂ' of 10nS , Z1 — Valency , Z niziz - 10NiC Strength .1&:..‘.:

it

; The net charge of the atmosphere is equal in magnitude but opposite in sign to that of central
ntra

100. |

s :“— - "',:- .

; The charge density will be greater in the vicinity of the ion and will fall of with increasing

i--.

distance.
Derivation:
The relation between electrical density and potential is given by Poisson’s equation

10 5 oY 4Tp -
rzax(r ax)'—'—"D_ ------------------- ]

Where 1’ is the distance between the ion and its atmosphere, p- charge density, D- dlelectnc‘

constant.

Substituting in 1 we get

oY -—4-1‘[ 5
Tz ax ( S ) [ 2 )
—-411:&2 P 2 -
S
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Let kz dmE anzl ______________ )

D KT
Therefore the above equation becomes
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The first term represents the potential when there are¢ no surrounding ions and the secont
térm represents potential due to ionic atmosphere. .

Thus potential due to ionic atmosphere ¥ = _ Z€K

To find the thickness of ionic atmosphere
———————— 2103 01 _10nIC atmosphere

The quantity -E is called thickness of

1OnIC atmosphere. From €quation 2
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~ --1_ sible electrode process Example 1. Over voltage- 2. Polarography

'y voltage ( bubble over voltage)
The difference between the potential of the electrode when gas evolution is acte

observed and the theoretical value for the same evolution is called over voltage.

Over voltage = actual potential — theoretical potential.

If the deviation is due to evolution of O, it is called oxygen over voltage and if

due to the evolution of Hj 1t is called hydrogen over voltage.

For example the reversible standard electrode potential of Zn 1s — 0.76 V. But when H» ‘

evolution takes place , the valueis -1.4V

Therefore over voltage = -1.46 —(-0.76)
= -0.7V

‘ Applications of over voltage:

|. Electro depesition ot metals in agueous solution:

Consider the electrolysis ZnSOq4 and H,SOs. The reversible standard electrode

tential of Zn and H, are — 0. 76 V. and 0.00V respectively. Therefore the deposition of Zn
potentia: o1 41 il a

on the cathode should commence only
heen found

After all the H' ions have been reduced to Ha gas.

.. . o . e, |
that zinc starts depositing along with liberation of

But in actual practice, it has

H2 gas. The reason lies 10 the high over voltage of Zn.

L. Corrosion of metals:

Consider the dis

Pband H,are —0.13 V and 0.00
ice, Pbdoes not diss

itage of Pb which is 0.64 V.

tion of Pb in r1C1. The reversible standard electrode ,_4 of
soiutio |

V respectively. It should readily dissolve 1 F m -

olve in HCl and no evolution of

IR R -hl,.!.
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H! gas. But in actual pract
| er vo

This is because of hydrogen OV ‘other metal ha
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Jston from oxygen s gt
ca henergy of the fuels dircetly to clectriy.
. essential process in a fuel cllis | CACAN

Fllel-l-gxygen

--;::!

- oxidation products + elec '“ 5
prample '
- ]. Hydrogen - oxygen fuel cell
, 2. Propane — oxygen fuel cell
! 3. Methanol - oxygen fuel cell
, gFFICIENCY REQUIREMENTS:
The electrodes must be
1. Good conductors
2. Good electron sources ol
3. Excellent catalysts for the reactions that take place on their su
4. Not be deteriorated by the electrode reactions.

|  3HYDROGEN - OXYGEN FUEL CELL:

It consists of an electrolytic solution such as 25 % KOH solution and two inert

’ porous electrodes. Hydrogen and oxygen gases are bubbled through the anode and cathode
ons take place.

| compartment respectively where the following reacti u

Anode: 2 H,+4 OH" > 4HO+4e
Cathode: 0O,+ 2H,0 + 4e |

— e ———
— i — ———
.—---——
—_—
o — — - —
----------1——-—--—-—-—---——-

le Standard emf of the cell 1s
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5. HIGH TEMPERATURE FUEL CELL:

n is used as fuel and the electrodes are _made of eithe
kel. The electrolyte is aqueous K¢

Here hydroge |
impregnated with finely divided platinum or nic

H2S04 or ion exchange resins saturated with water. L

6.LOW TEMPERATURE FUEL CELL: |

Wl
L

u -;,aII l1.:l o

0 (P
These cells operate at a temperature range of -54 © C to 72 "C. In this type
potassium thio cyanate dissolved in liquid ammonia is used as electrolyte.

7, APPLICATIONS:
. Hydrogen —oxygen fuel cells are used as auxiliary energy source in _

like Apollo space craft
They are used in submarines and military vehicles.

L) I

H>/O; tuel cell is a valuable source of fresh water for the astronauts.



F - : R B L o2 1 . . .
S 2i*21 R 38 1 F 3 'l': 1§ ( - B

J | » 1

corrosion takes place by direct attack of materials by gases like oxyg

o ii XVOEe
| i ) - ‘f"_':":l__;{r::?'_jnl

- sulphide. etc.. 1 the absence of moisture, it is known as dry corrosion.

L

|
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|1 | OXIDATION CORROSION:

When corrosion occurs due to oxygen then the corrosion is termed as oxidation
sorrosion. The mechanism 1nvolves the following stages. _
in the first stage the outer most electrons of the metal gets rejected or removed

prming metal cation. ) ¢

In the second stage, the electrons removed from the metal, are absorbed by oXygen

frming oxide anion.

'F""-'"'"——_-_-—-_-
| ¥ 2n-
oclis o - »Q/’

The cation and the anion formed combine to form the final product.

Jh.\ﬁ.t Nt Ozﬂ- . MO I
: | A A 1t
.. M " f\uz + 9{
y - n-
O, T pie _ s
= oo
Mn+ b 021‘1- . MO \N‘\ ,> :(\ !
o

| ROLE OF GXIDE FILM: L _ . ol |
i The metal oxide formed, acts as barrier 101 Iurtner corrosion. To continue the .

' oM. ot | A ffee out or the oxide ion to diffuse in. Thus the
comosion, either metal ions should diffuse out or the ox1ide

| oontinuation of corrosion depends on the nature of the oxide film formed.

* STABLE OXIDE:
AIDE: : | . . . R
If the oxide layer is stable, 1 will not permit atmospheric oXygen to pass through and ‘
S0 it wili not permi% metal ion to pass out. Thus cortosion will not continue further.

Example - Lead, aluminium, copper

~ STABLE oxipE: W
_ OXIDE: —— R
- Some metats form oxide reversibly. i. € The oxide laver is converted back into mi
7 &3 i 5 : . r!'
Xvgen, thus jeaving fresh surface for oxidation cOITOSIO
- M+ 0, 2 MO

“4mple : gold, silver, platinum.



VAlmihium omde > vAlumlmum
fore it is non-porous and protective. 5
On the other hand if the volume of oxide formed is less than the vo

the oxide layer is porous and non protective.
example : Alkali metals (Li, Na)

V Lithium oxide = V Lithium
Therefore it is porous and non protective.

1.2 CORROSION DUE TO HYDROGEN:

1.2.1 HYDROGEN EMBRITTLEMENT: (CORROSION AT LOW TEMPERATURE):

When a metal is in contact with hydrogen sulphide, it produces molecular hydrogen.
Fe + H,S o 250 FeSitHs

This hydrogen undergoes atomisation to form reactive hydrogen atoms. This reactive
hydrogen atoms penetrate inside the metal where it recombines to form hydrogen molecule
Ho 5 i Bt i

H+H » H»
This recombination-process develops high pressure inside the metal which leads to formation
of cracks. This type of crack formation is known as hydrogen embrittlement.

1.2.2 DECARBURIZATION (CORROSION AT HIGH TEMPERATURE):

At high temperature, the hydrogen formed undergoes atomisation to form react 1, b
hydrogen atoms.

H, T > H+H
These reactive hydrogen atoms combine with

gas.

the carbon of the material forming methane

C+4H ——— CHy
This methane gas escapes to the atmosphere. Thus the carbon ir

reduced. This type of reduction of carbon in a material by hydrogen at high te
called Decarburization. R
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When there is
1

o " -';E_ m: , -' ol g
gt occurs due to the formation of galvanic cells, one part acts as anode and other part

[ |-I L]

" i
.
i

g5 cathode Al anode. the metal undergoes ionisation to form cation with the release o

7 .r-’l
| ¥

| 3 .
Lordia I
a l-'

o I
dectrons: .
. for ~xample, 1n the case of iron g W
Fe 5 Fett 00 S

These electrons are not absorbed by cathode instead, they are absorbed by the
onstituents present in the medium. Depending on the constituents of environment two

h Wpesof mechanisms were proposed. \ e e
~  HYDROGEN EVALUATION MECHANISM: ) C+ | |
This takes place when the surrounding medium contains H The following reaction .
1akes place :

b. OXYGEN ABSCRPTION MECHANISM - o |
action takes place when the medium 1S basic, n

sen in the presence of water forming hydroxide 10ns. |
::p .
he entire surface of the metal. When a

' entral or alkaline. In |
This re

this case electrons are absorbed by oXy

Bere metal oxide is formed first which spreads overt
: - ormi tion

track develops, that portion acts as anode forming ¢€a

towards each other. Since the speed of metal 10ms, is
duct is formed more Of less near the cathodic

The cation and anion moVve
Seater than that of hydroxide ion, the pro

%ﬁﬂ Thus the overall reaction 1S

M the precar .. of excess of OXygen the following reaction takes p
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It takes place in dry COTTOSIon.

—

it is a seif controllé_cﬁ)-rocéss.

m— —_—

2.2 GALVANIC CORROSION (TWO METAL CORROSION):

When two dissimilar metals are in contact with each other in the pressure of
corroding medium, the metal which has lesser electrode potential then hydrogen undergoes

oxidation. This type of corrosion is called galvanic corrosion.

he \Rb \¢
. d 2 L.
.T:‘_’Lr‘" jl" .
In the above diagram Zn and Cu are coupled where Zn acts as anode and undergoes
oxidation due to lower electrode potential than copper . i

Example: In marnne structures, steel screws are fixed in Brass material. Due to this galvanic
corrosion nuts and bolts made up of same metals is preferred

By introducing an insulating material between two surfaces
from anode tc cathode.

, electrons cannot pass

- L]
= e -
JITYhE 1Y
N -
L = "'1".'"':-":.1'

4

2.3 DIFFERNTIAL AERATION CORROSION -
When a metal is partially immersed in water or corroding medium, the portion v
is exposed to atmosphere has more amount of oxygen and hence acts as cathode. -;;'1‘.
the portion which is immersed inside has lesser concentration of oxygen and k ol | -- “
anode. Thus a galvanic cell is formed and the portion immersed intil }:.'
corrosion. This type of corrosion due to difference ip concentra B byt
differential aeration corrosion. -
— Example: A zinc rod partial

i
111
LA L

-

o=




ON IN PIPELINE : a
ariety of soil like clay. <and etc. the region 1ns .g e the

«ructure of clay, than the.
erefore the region inside

5 CORROSI

[n a pipe 1
has lesser concen
1 inside the sand W
ay undergoes COTTOS10MN.

ne emerges through v
iration of oxygen ,due to closed packing s

clay :
here the molecules are loosely packed. Th

RgI0
the cl
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‘When elements and alloys are arranged on the basis of corrosion tenden
I R~ R AN e T o ‘ . | | . S - I CY untaa ' I\I .
‘water the series obtained is called Galvanic Series. o
eries :Mg, Mg Alloys, Zn, Al, Al Alloys, Cu, Ni, Cr-steel, Ag, Au, Pt

— =

4 In this series, the elements in the top of the series undergoes more corrosion. For >Xample
Magnesium undergoes more corrosion than silver or gold in the same environment.
# The more the distance between the elements in the series. the lesser will be the corrosion that

R e -

1s why Mg — Ag alloy has lesser corrosion than Mg — zinc alloy. |

D. RELATIVE AREAS OF ANODE AND CATHODE

Corrosion tendency depends on the ratio of area between anode and cathode. When .
the anode is larger in size than cathode, all the electrons released by the anode cannot be
absorbed by the small cathode. Therefore the corrosion decreases whereas if the anode
1s smaller than cathode area, the want of electrons of larger cathode should be met by smaller
anode and hence corrosion is rapid

This is the reason why copper screws in iron plate is preferred than iron screws in
copper piate.
PURITY OF THE METAL :

(y

Pure metal does not undergo corrosion easilv. When impurities are introduced they
form heterogeneity which leads to the formation of galvanic cells which in turn leads to
corrosion. That is why spelter, an alloy of zinc ,undergoes more corrosion than pure zinc.

d. NATURE OF OXIDE FILM :

That is why Lithium undergoes rapid corrosion than aluminium
e, SOLUBILITY OF CORROSION PRODUCT

PREL | ) P

‘- :' |.'|: i [ 1| L' | -.

Frvaas 0
1

-

If the corrosion product is soluble in the medium i allows fresh surface for f il
corroston. On the other hand if the corrosion product is insoluble in the medium, it
. i, : 51
For example : lead undergoes lesse " | o
= S SSEI' | N ' > S T T TEL
g corrosion than copper in acidic involve:

deposited on the surface which acts as a barrier for corresion. Therefore
stopped. corrosion will b
because lead sulphate is insoluble and ¢ ulp i laatnklated i
oL 10« | Copper su phate_ 18 SOI’Ubl&m mﬂm ks ; s
Il_ . _|. e e



(he rate of corrosion,
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pH is the negative logarithm of hydrogen ion coneentrat;e S. N uly .F St (¢

\ yndergoes corrosion in acidic medium. The effect of pH can be exﬂ’

M'ba]‘{ dlaﬁl‘am

‘ % : OITOS10N.
the element lies in the corrosive region it undergoes €

A e

L HEMIDITY - | i
| isture i hich helps to form
The atmospheric bumidity introduces moisture in the metal w P orm
e a m I} s o |
rate of cOITOSIOn.

‘ oh incr he
, glvanic cells which in turid increases t

£CO,, SO, and i ions will be present in the atmos] s
SO Tn .

.. esponding acids. This reduces the pH o
Which dissolves in the mois i
anced.

" MPURITIES IN THE ATMOSPHERE !

In industrial areas, particle

n and hence corrosion raté is enh

. OF THE STATE OF MATERIAL -




I - —-— _L
== - R £ e
e | SRR SRR, (5 o P
Jondand e TOTCCU TU Wy %
7 or 'h'!-}-‘.ﬂ.ir 'F"'-'" ) A P walar

) !
l Jaraerite INL ST 1L !k:.,h,rt_,l_,;'qqm- ,r-'jr_w"'.ﬁy. : ‘pl‘i:"‘-" .
i scannblend S Qfr TG W J : 1
1IN 1NIS TMNEei1NO. LI Sl uvivei ™ = . :
111 A8y 43 b . - e ) P i)

R this ‘method, the's T Tl nre
- e mathods under this technique are
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4.1 SACRITICIAL ANODIC PROTECTION : .
e athode by connecting it to a more

active metal and hence the L

ergoes corrosion. This metal is ¢alje

4 The structure to be protected is made as c
‘metal. Thus the corrosion occurs at the more Ic
protected. Since the more reactive metal coupled und ‘
sacrificial anode. _
Example : for sacrificial anode are Mg, Zn, Al, etc.

applications : Protection of buried pipe lines.

4.2 IMPRESSED CURRENT CATHODIC METHOD

In this method the structure to be protected is forced to act as cathode by appl ing 3

direct current in the opposite direction so that the corrosion current is nuilified. Thisis
achieved by connecting the negative terminal of the battery to the structure to be prot ted
and the positive terminal of the batterv is connec et - B
ry nnected 1o inert electrode like graphite. In

order_to increase the conductivity, the inert electrode is surrounded by “Back Fill” whmﬁ
contamns Gypsum, Sodium Chloride, Sodium Sulphate and Coke 4 e
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uCoRROSION INHIBITORS -
Those chemicals which ‘contl‘ol the rate of corrosion are called corrosion inhibitors.
there are three types of corrosion inhibitors There are
2 ANODIC INHIBITORS :

These o -chemlcals which prevents the anodic reactions. During corrosion the metals
gndergo oxidation to form metal cations. Inorganic salts like phosphates, chromates,
molybdates of transition metal are added to the corroding medium, the cations generated

p. CATHODIC INHIBITORS :
These are chemicals which are added to inhibit the cathodic reactions during =
wrrosion. In acidic medium the tollowing cathodic reaction is responsible for corrosion

To control corrosion. the above reaction should be stopped. This can be achieved by
adding organic compounds containing Nitrogen, Sulphur, etc. For example : Amines,
Pridine, Pyrone. thio alcohol, etc.When these compounds are added they combine with H"

npreference to the electron. Thus it prevents COITOSION.

In the netural medium, the fciiowing reaction Is responsible for corrosion

s reaction can be stopped by

Dueration . | - | | 8
Here reactive chemicals like sodium sulphide (Na;SO;), Hydrazine undergo reaction

With OXygen in preference to electron and thus they arrest the cathodic reaction.

acivation P
.011 combines with hydroxide 10ns forming insolubie precip i

M he Aot 5. , : | co;ﬂ-‘-’OSi@n- T S
- % Cathodic region thereby 1t prevents B
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d design b
poor design goo
b. They should be as close as possible to each other in the electro chemr | series

poor design good design
c. The anodic material should have as larger area as possible and the cathodic

material should have as much smaller area as possible.

poor design good design

d. The anodic metal should not be painted or coated, because any break in the
coating leads to rapid localised corrosion.

poor design oo0d design |
3. Avoid presence of crevices between adjacent parts of the structure, Bolt and rivetsare
should be replaced by weld joint

poor design good design
%. Sharp corners and bent should be avoided.

poor design good design
5. Allow complete cleaning and flushing.

poor design good design .

Using pure metal:

impurities in the metal causes heterogeneity which may
chemical corrosion.

Modifying the environment.:

lead to electro
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RPREALSS spersion of pi m
when applied on surface thinner undergoes cmdatm and oliaas I

- im0 a thin film on the surface.
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Constituents and their functions :

K

pmMENTS |

Pigments are solid substance which are dissolved in the medium They give co E

.} the paint. They reflect UV rays and protect the thin film formed by the paint.
xample : White - Titanium oxide, Green - Chromium oxide

4 Red - Red lead, Blue — Ultra marine blue

L Yellow — Chrome yellow

. VEHICLES (DRYING O1ILS)
These are the liquid medium n which the pig

oxidation by absorbing OXygen from atmosphere to form the film. They dissolve

pigments. Example : [inseed oil, Soyabeen oil, Tung oil, Dehydrated Caster otl.

ments are involved. They undergo |

¢. THINNERS:

These are the liquid component in the
It helps in drying of old by evaporation.

paint which are used to To reduce the viscosity
l

of the paint , 10 dissolve the pigments

Examples : Turbentine,

i EXTENDERS (FILLERS)

These are used to 1NCreas
sulphate, calcium sul

e the strength of paint. Its other function is to reduce the cost.

Example - Barium phate Talc. Asbestos, Mica

& PLASTISIZERS :
d to the paint 0 - crease the flexibility of the pamt

yl phosphate, tributyl phthalate, triphe ,, butate

cracking in paint. Example : Tricres



ent through the electmlyte containing the soluble salts of coating.

MENTALSET UP -

In this metal, the article to be coated is connected to the negative terminal of the

battery, hence it acts as cathode. The positive terminal of the battery is coupled with either

the electrode made up of coating metal or inert elements. The electrolyte is a soluble salt of

containing metal dissolved in suitable salt.

Consider gold coating on copper plate. The article copper is taken as cathode and gold

plate is taken as anode. The electrolyte is gold chloride dissolved In minimum quantity of
HCL. When the direct current is passed through the electrolyte, AuCl, undergoes ionisation {0
form gold cations and chloride anions. -

These cations move towards the cathode and there they gets reduced and deposited on

20ld in the electrolyte is compensated bY

the article. ~ The decrease in concentration of

d!mhmgthﬂ anode.
OR -AFF_ECI’ING ELECTR PLATING -
ATURE OF SURFACE AREA :

.:-. y :}1 ,.I'"E__ g
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~ ¢ Nocurrent 1S required.

4 Noanode 1S required.

piFFERENCE BETWEEN ELECTRO PLATING AND ELECTRO LESS PLATING
———""’_—_
l ELECTRO PLATING ELECTROLESS PLATING

is a pre f depositi |
Jtisa prOC@SS ol deposition of coating metal | It is the process of " deposition of coating

on the base metal by passing direct current | metal on the base metal using redox reaction.

fthrough the electrolyte containing soluble

salts of coating.

-

Electricity is required. ' Electricity is not required. ]

i It is applicable for the object made up of | It can be done even for anon-conducting\

ondug cting or semi conducting material. . material.

Complicated shape cannot be plated. uniform | Complicated material can also be -subjected.

for plating.

plate can be plated.

= = '
I

DIFFERENCE BETWEEN ELECTROCHEMICAL AND GALVARIC SERIES

———

ﬁCTnocﬁEMfCATSERIES GALVANICSERIES
{In electro chemigalms (metals & | Here elements or alloys are arranged
mﬂ'metajs) O emaraed i creasing  or | the basis of corrosion tendmey|
| de B order on e, basis of standard | unpolluted sea water.
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nt density is defined as the quantity of current per unit. Zhe Nz
depends on the current density.

i
+ PpH _
The PH of the electrolyte also determines the nature of deposition. Usually the pH of
S to 7 is preferred in gold plate.
3.2.2 ELECTROLESS PLATING :

[t is the process of deposition of coating metals on base metal using redox reaction is

called as electro less plating.

The solution used to deposit soluble salts of coating. The reducing agent is generally

sodium hypo phosphate.

Consider electroless coating by Nickel.

It involves two stages

STEP-1: PRE- TREATMENT OF THE SURFACE

The article to be deposited is subjected to pre-treatment process which includes ac g
plckhng, solvent cleaning, degreasing, mechanical cleaning, etc.

| - I
STEP-2 : ELECTRO LESS DEPOSITION °




