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Topic 12 : Corrosion Revi sed March 2002

Corrosion involves oxidation of the netal at its surface. The netal
reacts with the oxidising agent(s) and becones a conpound.

Exanpl es :

1.

Magnesi um corrodes rapidly in dilute acid :
M+ 2 Hd - -> Mg2v(d-), + H,
Al um nium corrodes slowy in air

4 A + 30 -> 2 (A3, (),

Iron corrodes slowy in noist air (Rusting).

Bot h Oxygen AND Water are required as the follow ng
experiment shows :

aL
4 H.O (prevents access
2 of Oxygen)

B 02 Hzo O2

Fel| #: Fe Fe Silica ge
L (absor bs wat er
fromthe air)

RUSTI NG NO RUSTI NG NO RUSTI NG

This is what happens to the Iron

1. Iron is oxidised in two stages
Fe -> Fe2+ + 2e
Fe2+ ->  Fe3+ + e

2. The el ectrons lost by the Iron are picked up by the Oxygen
and Water which are therefore reduced in the process :

o) + 2 H,0 + 4e -> 4 OH

3. Hydroxide ions react with Iron(lll) ions to formthe brown

precipitate, Iron(ll11) hydroxide (rust ?)

Fe3+ + 3 oH > Fe3+(OH) 4
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Experiment

To investigate the effect of (a) acid (b) Sodiumchloride on the
corrosion of Iron

Ferroxyl —— Ferroxyl —— Ferroxyl ——
i ndi cat or i ndi cat or i ndi cat or

+ + Ha- + Na'd’
pure water

Feu Fe\.-':_:_/.:; Feé
SLOW RUSTI NG RAPI D RUSTI NG RAPI D RUSTI NG
Wien the Iron starts to rust, Fe2+ ions are formed. These turn
Ferroxyl indicator blue. The blue col our appears very quickly
when salt and acid are present.
As Iron corrodes an area of positive charge builds up around its
surface due to the Iron(ll) ions. This repels any additiona
lron(ll) ions which try to formand thus slows down corrosion.
Bot h Sodi um chl ori de and Hydrochloric acid are electrolytes. The
chloride ions diffuse into the area of positive charge around the
Iron, cancelling out the charge and allowing nore Iron(ll) ions
to forme.gqg.

Na C -\:?
Fe 2+ Fe 2+ Fe 2+
—F—1
Fe Fe Fe

Salt, spread on roads, increases the corrosion rate of car
bodywor k.

Acid solutions can speed up corrosion in another way : since Fe
is nore reactive than H, the Hydrogen ions in the acid can pul
el ectrons off Fe and thus speed up the first step in corrosion :

2 H + 2 -> H
Fe -> Fe2+ + 2e

Corrosion of Iron is rapid in areas where the rain water is
aci di c.

Car bon di oxi de speeds up corrosion because it reacts with Water
to produce Carbonic acid :

Co, * RO > (H9) 002
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Preventing Corrosion

Met hod 1

Stop the oxidising agents getting to the metal using a barrier

e.g. oil, grease, paint, plastic, netal
NP
Paint

Coating with netals is achieved by two nethods :

1. If the metal has a low nelting point the Iron is sinply
dipped in the nolten netal e.g. tin plating, galvanising
(coating with Znc)

2. By el ectroplating (using electrolysis) e.g. N ckel plating

.

. 2 -
NTSOT (a0) <= | wetal

Ni ckel

\ y,

At the cathode (-ve) reduction of Nickel (Il) ions occurs
and the Nickel is deposited on the netal

Ni 2+ + 2e -> Ni

At the anode (+ve) electrons are pulled off N ckel by the
positive charge. N ckel is oxidised and passes into
solution as N ckel (1) ions.

Ni -> Ni 2+ + 2e

This replaces N ckel (I11) ions reduced at the cathode.
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M ethod 2 (Cathodic Protection)

El ectrons are lost during the first step in the corrosion of Iron :

Fe -> Fe2+ + 2e

Cat hodi c protection involves forcing these electrons back on to the
Iron i.e. attenpting to reverse the first step

Fe2+ + 2e -> Fe

This can be done in two ways :

1. By connecting the Iron to the negative termnal of a battery :

| ron— + i ron

4

Hydr ogen gas

bl ue col our
devel opes

ferroxyl indicator

pi nk col our
devel opes

At the anode (+ve) electrons are punped away fromthe Iron,
speeding up the corrosion rate :

Fe -> Fe2+ + 2e

and | eading to the production of Fe2+ ions which turn the

i ndi cat or bl ue.

At the cathode (-ve) electrons are punped on to the Iron,

sl owi ng down the corrosion rate. NOIlron(ll) ions are produced
so NO bl ue col our appears. Instead a pink col our appears !

Renenmber that Water, due to its ionisation, contains H ions.
H,0O = H+ + OH

As the electrons are punped on to the Iron the excess el ectrons

"spill over' into the solution where they are picked up by H*+
ions in the Water

2 Hr + 2 > H

Renmoval of the Hydrogen ions from Water | eaves excess hydroxi de
ions. Hydroxide ions turn Ferroxyl indicator pink.
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By connecting the Iron to a nore reactive netal (e.g. Magnesium

El ectrons flow fromthe nore reactive nmetal (Magnesiun) to the
| ess reactive netal's ions (lron(l1)) thus preventing |oss of
el ectrons by Iron :

Mg -> M2 v 2e

Fe2+ + 2e -> Fe

The direction of electron fl ow can be shown with a cel

Magnesi um I ron
Hydr ogen gas X 3 Hydr ogen gas
pi nk col our pi nk col our

ferroxyl indicator

NO bl ue col our appears round the Iron so no Iron(ll) ions are
bei ng produced.

Excess el ectrons are captured by hydrogen ions in the Water
form ng Hydrogen gas :

2 H + 2 -> H

This | eaves excess O+ ions which turn the indicator pink.
Magnesi um scrap is connected to oil pipelines nmade of Iron to
prevent corrosion.

Notice that, as a result of protecting the Iron, the Magnesi um
| oses electrons, forns ions and corrodes itself.

The Magnesium therefore sacrifices itself to save the Iron
(Sacrificial Protection).

Gal vani sing (coating wth Zinc) is the nost common use of
sacrificial protection. If the Zinc |ayer cracks:

. H,0
Zi nc \e / el
S .

t he Oxygen and Water can get to the Iron but corrosion stil
does not occur because electrons flow fromZinc to Iron
preventing | oss of

| ron
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el ectrons by Iron. Bridge girders are gal vani sed.

Notice that if lron is connected to a |less reactive netal (e.g.
Copper) the Iron will corrode nore rapidly than usual. Electrons
flow fromthe nore reactive netal (lron) to the | ess reactive
netal's ions (Copper(l1))

Fe -> Fe2+ + 2e

Cu2+ + 2e -> Cu

The direction of electron fl ow can be shown with a cel

I ron

Copper

Hydr ogen gas 3 Hydr ogen gas

Bl ue col our
(swanps pi nk col our)

ferroxyl indicator

pi nk col our

A bl ue col our appears round the Iron showng that Iron(ll) ions
are being produced.

Excess el ectrons are captured by hydrogen ions in the Wter
form ng Hydrogen gas :

2 H + 2 -> H

This | eaves excess O+ ions which turn the indicator pink.

Repl aci ng Copper, in the above cell, with Carbon has a simlar
effect. Carbon, in the formof Gaphite, is a unique non-netal
it conducts electricity ! Since it is a non-netal it has a high
E. A P. (nuch higher than Iron). Thus, when Iron is in contact

wi th Carbon, electrons flow towards the Carbon and are
conducted away fromlron by the Carbon. This speeds up the
corrosion of Iron

Li ke Copper, Tin is also less reactive than Iron. In Tin -
plated Iron, if the Tin [ayer cracks :

Fe

iAo\ ] /jr

\ 1

Il ron Fe
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the Oxygen and Water can get to the Iron. Electrons flow from
Iron to Tin allowing the Iron to formions and corrode.
Corrosion is nore rapid than in an uncoated piece of Iron : the
Tin(lIl) ions pull electrons off the Iron :

Fe -> Fe2+ + 2e

Sn2+ + 2e -> Sn



