For corrosion to take place,
the formation of a corrosion
cellis essential. A corrosion

cell is essentially comprised

1. Corrosion of the following four
Cell components (see Fig. 1).
* Anode
 Cathode
 Electrolyte

* Metallic path.

Activate Win



Current carrying electrolyte

/ = | L~ Metallic
_ - ' path
Camode‘k 77\ |cathode|

Non-corroding area  Corroding area

Corrosion cell in action




Anode

** Is one of the two metal electrodes
in an electrolytic cell, represented
as the negative terminal of the cell.

%* Electrons are released at the
anode, which is the more reactive
metal.

¢ Electrons are insoluble in aqueous
solutions and they only move,
through the wire connection into
the cathode.

¢ For example, zinc acts as the anode
in Daniel cell. (see Fig. 2)
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Cathode

» Is one of the two electrodes in
an electrolytic cell represented
as a positive terminal of a cell.

» Reduction takes place at the
cathode and electrons are
consumed.

»Example, carbon electrode in a
battery, copper electrode in a
Daniel cell. The accompanying
Fig. 3 shows the reduction of
hydrogen 1on. The electron 1is
always a reducing agent.

Figure 3 the reduction of hydrogen ion.
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Electrolyte

»1t 1s the electrically conductive
solution (e.g. salt solution) that
must be present for corrosion to
OCCUTr.

» Note that pure water 1s a bad
conductor of electricity.

Voltmeter

. A\ &,
W/
= +
Anode salt bndge Cathode
(Oxidation) / \. (Reductior
7 [ KCly ) -
Zn Cu
3 7nS0, CuSO, "
Y b \ 4

Zn(s) + 2¢”—» Zn*’ Cu’" +2¢™— Cu(s)

Zn(s) | ZnSO4(aq) || CuSO4(aq) | Cu(s)

Figure 2 Daniel cell



Metallic Path

o The two electrodes are connected
externally by a

o In the metallic  conductor,
‘conventional” current flows from
(+) to (—) which is really electrons
flowing from (—) to (+).

o Metals provide a path for the flow
of conventional current which 1s
actually passage of electrons in the
opposite direction.
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Current Flow

* Conventional current flows
from anode (—) to cathode (+)
as through the
solution.

* The current 1s carried by these
positive charged ions.

* The circuit 1s completed by
passage of electrons from the
anode (—) to the cathode (+)
through the external metallic
wire circuit )
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Electron Flow

Although the anode (e.g. Fe or Zn) is the most negative of the two
metals 1n the cell, this reaction does not occur there because its surface 1s

emanating Fe™ 1ons which repel H" 1ons from discharging there.

The circuit 1s completed by negative ions (—) which migrate from the

cathode (+), through the electrolyte, towards the anode (—).
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2. Anodic And Cathodic Reactions

The anode 1s the area where metal 1s lost.

It represents the entry of metal 1on into the solution, by
dissolution, hydration or by complex formation. It
also includes precipitation of metal 1ons at the metal
surface.

For example,
Fe** + 20H- — Fe(OH),

Ferrous hydroxide or rust formation on steel surface 1s
a common example.

Anodic reaction 1n terms 1s written as of electron transfer.

M- M™ 4+ ne




3. Types of There are several types of
Corrosion Cells corrosion cells:

e Galvanic cells

e Concentration cells

e Electrolytic cell

e Differential temperature cells.




3.1 Galvanic cells

The galvanic cell may have an anode or cathode of
dissimilar metals in an electrolyte or the same metal in

dissimilar conditions in a common electrolyte.



3.1 Galvanic
cells

For example, steel and copper
electrodes immersed in an
electrolyte (Fig. 5), represents a
galvanic cell.

The more noble metal copper acts
as the cathode and the more active
iron acts as an anode.

Current flows from iron anode to
copper cathode in the electrolyte.

Electricity flows from
/ cathode to the
anode through the
/ metallic conductor
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* Figure 5 Typical galvanic cell



3.2 Concentration
Cells A

WN Gl e s ey e i R Rt LR N et e s T O“p-ﬂo P b mnn

j
leid Fifoo s )4 y /4 Visoe "ty ( /

v, { § ‘! IO ,',",
* This is similar to galvanic cells except with - NIV Iy {“//,///f'/c/////:;,//.
an anode and cathode of the same metal in | Cay (oW oxyaen) | Z=5 7%¢) Loam (High oxygen) '///;//f
a heterogeneous electrolyte. ,'/;//;
: : . : - e — .
Consider tl?e corrosion of a pipe in the soil. __ Underground pipeline i
Concentration cells may be set up by: ',/6/ 7
s : : : ' T
(a) Variation in the amount of oxygen in soils. L anodi area] N\ ,«',///,/,Cathodic S /'/,/////2//,//////
(b) Differences in moisture content of soils. e o o gl e LA

(c) Differences in compositions of the soil.

Concentration cells are commonly observed Figure 6 Concentration cell formation in an
: 2 underground pipeline

in underground corroding structures, such as

buried pipes or tanks (Fig. 6).



3.3 Electrolytic Cell

* This type of cell is formed when an external
current is introduced into the system.

* It may consist of all the basic components of
galvanic cells and concentration cells plus an
external source of electrical energy.

* Notice that anode has a (+) polarity and
cathode has (—) polarity in an electrolytic cell,
where external current is applied. This is the
type of cell set up for electrically protecting the
structures by cathodic protection.

* The polarity of an electrolytic cell is opposite to
that in a galvanic (corrosion) cell (Fig. 7).
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Figure 7 Electrolytic cell. The cathode and

anode can be any metal.



* Consider a piece of iron exposed to humid air which

4. Mechanism of  actsasan electrolyte.

o * Fe?* ions are released from the anode by oxidation
COI’I’OSIO“ and OH  ions from the cathode by reduction on the
metal surface (see Fig. 8).
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I 4. Mechanism of Corrosion

Details of reactions involved 1n the corrosion of iron-based materials 1s as follows:
(1) Fe + H,0 <« FeO + 2H" + 2Ze
Forms monolayer of FeO islands
(2) Fe + 2H,0 — Fe(OH), + 2HY + 2e
(3)3FeO + H,0 — Fe 0O, + 2H™ + Ze

(Black) (Magnetite)
(4) 2Fe;O4 + H,O —  3(y-Fe,0;) + 2H" +2e
(Brown)
(5) 2[y-Fe,05] + 3H,0 — 6(y-FeOOH)
(Brown) ( )

The net reaction;
Fe™"+20H — Fe(OH),

(white green precipitate)
A more familiar name of Fe(OH), 1s rust.
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