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Energy source

Electro-analytical chemistry

(FT-IR),NMR , Mass Spectroscopy
,etc

Electro chemistry

Industrial electrolytes

Corrosion
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We live In metal-based society

Bridges
Automobiles
Ships
Pipelines
Storage tanks
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-Aluminum and its alloys have variety of uses
Aircraft to canned food containers to electronic application
-Nickel , chromium for production of stainless steels.

Metals are used in a human body as hip replacement



Polyethylene liner

Porous-coated
acetabular
component

(cup)

‘\

Porous-coated
femoral component
(stem)

An artificial hip used in hip-replacement surgery [1]. Titanium alloys or alloys of cobalt—chromium—
molybdenum are currently used in artificial hips because these alloys resist corrosion in the human body.



Why Study corrosion

1) Human life and Safety
2) The Cost of Corrosion
3) The Conservation of Materials

4) Corrosion Is Inherently a Difficult Phenomenon to
Understand



Human life and Safety

583,000 bridges

15% of these are structurally deficient due to corroded steel or
steel reinforcement

Fig. 1.3 On December 15, 1967, the Silver Bridge connecting Ohio and West Virginia over the Ohio River collapsed.
and 46 people lost their lives. The cause of the collapse was stress-corrosion cracking [3]



safety

= Corrosion of chromium to produce chromium ion

= The use of chromates as surface treatments to prevent
corrosion



The Conservation of Materials
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Indirect cost

-Loss of products due to leakage

-Loss of efficiency due to corrosion

- Loss of human livers due to explosion fire.
- Contamination of environments, toxic gas



Corrosion Is Inherently a Difficult Phenomenon
to Understand
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What is corrosion
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Components of the atmosphere

Relative humidity
Temperature and moisture
Amount of rainfall

Dew formation

Position of the exposed metal
Sulfur dioxide content
Hydrogen sulfide content
Chloride content
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What about other material

Plastic

Concrete

Wood

Ceramic

Composite material
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Fe — et? 4 Qe

Qg +2Ha0 + 4~ — 40H™
Fe + Do+ 2Ha0) — 2Fet™ L A0H™ — 2Fe(0H)2 |

1
2Fe(OH)z + 502 + RO — 2Fe(OH)s |= Fez03-3H20 |



Non —Ferrous Metal
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White Rust )2
Zn — Znté 42

Oy +2H0+4¢e~ — 40H™
2Zn+ 03 +2H,0 — 2Zn%2 + 40H-
2Zn*? +40H~ — 2Zn(0H): |

Condensation of moisture between stacked sheets will
lead to white rusting



Alminium Substrate

Al — A4+ 3e
302+3H30+66_ — 60H~

24l + 202 +3H0 — 2AI* +60H- — AlOs - 3HoO |



Physical Process of Degradation
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Corrosion based on electrochemical
reactions
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Here
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Voltage Difference
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Fe(s) = Fe**(ag) + 2e~

Al(s) = AP 4 3e-

2Cu+ H,0(1l) = Cu,0+2H%(ag.) + 2e~

- There is an increase in its oxidation no.
- There is a loss of electrons at anodic site



Fe(CN)Z; (ag.) = Fe(CN);” +e™

Cr3* 4H,0 = Cr0;” + 8H™ + 3e”

- There is charge transfer

- All anodic reactions are not
corrosion reactions

Why

Corrosion is the simultaneous
transfer of mass and charge
across a metal- solution
interface.



Cathodic reactions

S k) g Sy 0
- There is a decrease In its oxidation number
- There is a gain of electrons at cathodic site
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2H* +2e~ = H,(gas)
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0,(gas) + 2H,0 + 4e~ — 40H™

N

-
- Ul} OH
et o @@ (J N,
e —
6 BV (O
® @ | 69 @909
|

O
Solution \ |I
TR NN ) |

&

At anodic sites: 2[Fe(s) Fe?— (ag) + 2e7

At cathodic sites: O, (g) + 2H,0 () + 4= 40H — (aq)



0, + 2H,0 + 4 — 40H

Reaction Type Chemical Equation E® (V)
Anodic Reaction Fe — Fe* + 2¢ -0.44
‘ 2H +2¢ — H, 0.00
In Acid Solutions
Cathodic O, +4H" + 4¢” - 2H,0 +1.23
| Reactions || Neutral or 2H,0 + 26" — Hy + 20H" -0.83
Alkaline Solutions

+0.40)
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Fe+ 2H™ — Fe*t + H,



Fe*? Fe*?

O
3 \ \

Solution
| e _/ U\/ |
o
At anodic sites: 2[Fe(s) Fe™ __, (aq) + 2e7

At cathodic sites: O, (g) + 2 H,0 () + 4e- 4 O0H — (aq)

Overall reaction: 2 Fe (s) + O, (g) + 2 H,0 (1) — 2 Fe™(aq) + 4 OH (aq)

Coupled electrochemical reactions occurring at different sites on the same metal surface for iron in a neutral
or a basic solution
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Corrosion of iron in air containing 0.01% SO, after 55 days of exposure showing the effect of a critical
relative humidity (approximately 60%).
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Oxidation
Zn —£n2++ 2e”

Anode

Galvanic cell

Reducion

++ 2¢”
High-resistance voltmeter Cu2+ +2¢'—Cu

Cathode

—electron flow —j

/— external circuit

In

porous barrier

Zn(s) = Zn<t Cu<+ — Cufs)
oxidation reduction




{/_p-:-tenti al difference obzervable

~ but no significant current can flow

In

N

b

excess — W

cCu

CulNOz)=

CuLt —

Mo significant chemical change
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- Lead Storage Battery: A typical 12 volt battery
consists of six individual cells connected Iin series.

- Anode: Lead grid packed with spongy lead.
Pb(s) + HSO, (aq) — PbSO,(s) + H*(aq) + 2 e

Cathode: Lead grid packed with lead oxide.
PbO,(s) + 3 H*(ag) + HSO,~(aq) + 2 e — PbSO,(s) + 2 H,O())

Electrolyte: 38% by mass sulfuric acid.
Cell Potential: 1.924 V



-Negative electrodes are spongy lead metal

- Positive electrodes are lead impregenated
with lead oxide

- Metallic lead is oxidized to lead sulphate at
negative electrodes

- Lead oxide is reduced to lead sulphate at the
positive electrodes
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- Electrolysis of Water: Requires an electrolyte
species, that is less easily oxidized and reduced

than water, to carry the current.

- Anode: Water is oxidized to oxygen gas.
2 H,O() - O,(g) + 4 H*(aq) + 4 e~

- Cathode: Water is reduced to hydrogen gas.
4 H,O()) + 4 e — 2 H,(g) + 4 OH-(aq)
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Galvanic Cell Electrolytic Cell

Produces chemical energy Provides electrical energy

Chemical energy convertsto electrical energy | Electrical energy converts tochemical energy

Spontaneous re-dox reaction Forces redox reaction
Cathode is positive Cathode is negative
Anode is negative Anode is positive
Dry batteries Electroplating

AG=0 and E">0 A6%0 and E<0
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Equivalent Conductance
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Applications of Conductivity
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Charge Interfaces
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Electrolytes
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_\I\m | . Spaces between ions are occupied by water

/ I T ‘/E/ molecules, but as shown previously, the net

c | i charge due to H,O dipoles is zero.

\ / (Na* I
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In any volume element, there is an equal number
of positive and negative charges, so that the net
charge due to the presence of ions is zero.

A volume element of sodium chloride solution showing the distribution of ions
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Solution- Air Interface
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Water molecules at the water/air interface and the origin of surface tension
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Hydrocarbon
tails
Air
Solution Eq@' []q_(]‘ E[?P_ CoO™ CQD_ ] electrical
H H H H* H double layer
H* o

COO™ - Ar(\/\ _
CoO0
L—]_j\I\[\ 1|I H+
—
H” 1 L”L coo™
COo0 oy

Fig. 3.6 Onentation of CH3z({CH3))pCOOH molecules at the solution/air interface and the formation of an electrical
double layer
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Chapman Layer
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Layer of oriented water
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Adsorbed anion

Inner Helmholtz plane

Guoy-Chapman
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Distance from surface



j%\s 4 S S S8 g0 Y ol

ol o ey 29880 iy 9 Syitin b 53 iy SO oSG SUN B g5 Y slowl 51 5
g o 5330 g 50T (glo a8 o et s b ilg5 o 29 S0) Janily 55yl

ol g U8 ¢ oS G 35 4 ol il

) 50 JaSCi3 ¢ ok o olde yo a5 ¢ Cillie L LY 9o 5 ol b wlin o SO SIS 95 40

.ASGU%;QT}‘ SopSd by Jg cwl S oS caglie lyls Syptin Juad SCul 5929 b



o] w5l.m5u)l;> JALA 45JM&U)5..44 u‘ﬁ"@‘)"')"‘" ab)?)lséb.wgs.&)b é)}\g‘ 4.3155: Y

ols led
Metal Solution . .
Rp= faradic resistance
/ SIS 93 &Y 431y b JUES] caaglia el o
4

XIS

Cal

| |

11

— - AAA—
Rs
—AAAA




e )lgiss

B s b ol S S sl Y506 Jglma 5 sds s3y55 ool j6 S5 GIE g0 a¥ ud b

34uF . ..
b ol S iSI E:E“yww

S sy (S S (60 ol ¢ sl 2g,2S51100



i

where Cyj is the double layer capacitance per unit area. The farad is the SI (System Internationale)
unit of capacitance, but in the cgs (centimeter—gram—second) system of units, the capacitance must
be expressed in statfarads, there being 1.113 x 107'? F/statF. Thus

34 x 107°F ( ] stat F ) €

1113 x 107 farads ) (100A) (l.ﬂﬂx!i]‘scm)

The result 1s € = 31. Note that this value for the dielectric constant lies between the value 6 for
oriented water dipoles adsorbed on the metal surface and lying in the inner Helmholtz plane and the
value of 78 for bulk water.

cm?
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Electrode potential concept
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Hpin — N , Stopcock
A1
X ——H, out
Unit -]
activity —— | — X1 — Tocell
H* ] \
— %
."ﬂ’ Stopcock or glass frit
Glass frit \
Platinized Pt

A standard hydrogen reference electrode (SHE)
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2H*(ag, a = 1)+ 2~ = Ha(g, P = 1 atm)
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Example 5.2. Consider a Red/Ox electrode consisting of a Pt electrode immersed
in a solution where Ox is 1 X 10~ "mol/L KMnO, and Red is 1 X 10™*mol/L MnSO,.
Calculate the Red/Ox potential of this electrode at 25°C for pH 2 and pH 4 assuming that
concentrations can be used instead of activities.

MnO,~ +5e + 8H" = Mn*" + 4H,0



0.0592  [MnO, J[H" P
+ log
5 [Mn>*]

0.0592 [MnO, |
1 log[H' P + log ———
5 F " [Mn®"]

E=E"

= E©0

Since pH = —log[H"] and log[H*]®* = —8 pH,

< " _
_ 8(0.0592)pH N 0.0592 o [MnO, |

E=E" g
5 5 “ [Mn*"]

In this example, [MnO, | = 10~ "mol/L and [Mn?>*] = 10~ *mol/L. Thus, log [MnO, |/
[Mn?"] = log(107/107%) = log 10* = 3 and

E = E" —0.0947 pH + 0.0355
=1.545—-0.0947 pH

For pH 2, E=1545—0.189 = 1356V, and for pH=4, E=1.545—
0.379 = 1.166 V. Thus, in this case, the potential of the Red/Ox electrode depends on
the ratio [Ox/Red] and the pH. ]



Faraday law
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Metal mass= electrochemical equivalent x current .time .cathode
current efficiency

M=C.l.t .a
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1- gram equivalent = 26.8 Ah =96500 C
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Faraday Law
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Example 2.2: Plain carbon steel immersed in seawater has a uniform corrosion rate expressed as a
penetration rate of 5.0 mpy (mils per year, where 1 mil = 0.001 in.). The density of iron is 7.87 g/cm”.
The atomic weight of Fe is 55.8 g/mol.

(a) Calculate the weight loss after 1 year.
(b) Calculate the corresponding corrosion current density in microamperes per square centimeter

assuming that the corrosion current is given by

Fe —s FeXt +2¢



Solution: (a) The weight loss is given by

5.0milsy £0.001 in 2.54cm 7.87g\  0.10¢g
year mil in. cm® ) cm?year

(b) The corrosion current density is:

0.10g 1 year 1 day lh I mol ) /2Zequiv) /96,500CY /110 x 1072
cm? year / \ 356days /\ 24h /\3600s /\ 558¢ mol equiv. / s cm?

or
1.10 x 107°AY\ /1 x 10°0AY  11pA
cm? A ~ cm?




The amount of electric charge contained in a mole of
electrons is called faraday constt.

Charge on a mole of the electrons can be obtained
from Avogadros no. and charge on single electron

6.0220451043 1.6021892101%¢
g — = 96484.56
1mole le mole




2-What is the Ph of a solution containing 10-3 M hydrogen ions .

3-When iron rusts it forms a chemical compound with atoms of
oxygen .if iron can have of either two or three, while oxygen
only has a valency of two .

= Give two possible ratios of iron/oxygen atoms in rust.
= Suggest two possible formula for rust



Kinetics and Mechanism of
Electrodepostion
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