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Fig. 7:

a) A bent nail corrodes at points of strain and "active" metal atoms.

b) Two nails were placed in an agar gel that contained phenolphthalein and
potassium ferricyanide, K3[Fe(CN)g]. As the nails corroded they produced
Fe®* ions at each end and at the bend. Fe** ions react with [Fe(CN)g]* ions
to form Fes[Fe(CN)g]2, an intensely blue-colored compound. The rest of
each nail is the cathode, at which water is reduced to H, and OH ions. The
OH’ ions turn phenol phthalein pink.

Site of iron oxidation

Fe — Fe'* + 2e

B it of oxygen reduction
O, +2H,0 + €7 — 400

Fig. 8: Corroding iron nails. Two nails were placed in an agar gel , which
is also contained the indicator phenolphthalein and [Fe(CN)6]*. The nails
began to corrode and produced Fe** ions at the tip and where the nail is
bent. (These points of stress corrode more quickly). These points are the
anode, as indicated by the formation of the blue-colored compound called
Prussian blue, Fe;s[Fe(CN)gj2. The remainder of the nail is the cathode, since
oxygen is reduced in water to give OH". The presence of OH" ions causes
the phenolphthalein to turn pink.
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Fig. 9 : Cathodic protection of an iron-containing object. The
iron is coated with a film of zinc, a metal more easily oxidized
than iron. The zinc acts as the anode and forces iron to be come
the cathode, thereby preventing the corrosion of the iron.

Water droplet

Ly Oy
ety Illn"_, Seratch in zine Liyer

il POl

TR LI

;m : "‘r-"ﬂnnn ol
+4H $4¢ = 1H

Iron maetal % lﬁ

Fig. 10 : A layer of zinc protects iron from oxidation, even when
the zinc layer becomes scraiched. The zinc (anode), iron
(cathode), and water droplet (electrolyte) constitute a tiny
galvanic cell. Oxygen is reduced at the cathode, and zinc is
oxidized at the anode, thus protecting the iron from oxidation.
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Fig. 11 : Cathodic protection of an iron-containing object.
The iron is coated with a film of zinc, a meta more easily
oxidized than iron. The zinc acts as the anode and forces iron to
be come the cathode, thereby preventing the corrosion of the
iron.

Oy +4H s e —= 2HD

Iron mectal

Fig. 12 : A layer of zinc protects iron from oxidation, even when
the zinc layer becomes scraiched. The zinc (anode), iron
(cathode), and water droplet (electrolyte) constitute a tiny
galvanic cell. Oxygen is reduced at the cathode, and zinc is
oxidized at the anode, thus protecting the iron from oxidation.
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Fig. 13:

a) Cathodic protection of buried iron pipe. A magnesium or zinc
bar is oxidized instead of the iron. The "sacrificial' anode eventually
must be replaced.

b) Cathodic protection of a ship's hull. The mall yellow horizontal
strips are blocks of titanium (coated with platinum) that are attached
to the ship's hull. The hull is steel (mostly iron). When the ship isin
salt water, the titanium blocks become the anode, and the hull the
cathode. in a voltaic cell. Because oxidation always occurs at the
anode, the ship's hull (the cathode) is protected from oxidation
(corrosion).

c) Galvanizing is another method of corrosion protection. Even if
the zinc coating is broken, it is till oxidized in preference to the less
reactive iron as long as the two metals remain in contact.
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Fig. 14 : Cathodic protection of an iron storage tank (cathode) by
magnesium, a more electropositive metal (anode). Because only the
magnesium is depleted in the electrochemical process, it is
sometimes called the sacrificial anode.
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Fig. 15 : Cathodic protection of buried iron pipe. A magnesium or
zinc bar is oxidized instead of the iron.
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