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CHAPTER I

INTRODUCTION

The remarkable corrosion-resistance of some metals,
e.g£., Zirconium, titanium and moiybdenum is in favour of
safer, wider and more lasting industrial applications of
such metals. Diversified and extensive studies have been
carried out far the conduct of these metals in different

electrolytes and occasions under varying working conditions.

Nevertheless, more detailed study seems to be 8till needed,

The importance of Zr, Ti and Mo and their alloys,
is attributed to their ever increasing demands, wide uti-
lity and application in many fields of services due to
their pronounced corrosion resistance qualifications,

S0, Zr is used in nuclear reactors as a, material having

a reasonable transparency to neutrons coupled with mode-
rate strength and good oxidation resistance in high tem-
perature water and in hot carbon dioxide, Titanium is
utilized in air crafts and aeroengines as a material of
tigh strength but of low density. On the other hand |

Mo bas a specialized application as Support wires in
tungsten ~ filament lamps and thermionic valves as anode

and erid materials, also it is used in missile and aeros-

Pace industry,
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zirconium alloyed with small amounts o©f tin, iron,
chromium and nickel (Zircaloy) shows improved resistance
to high temperature water, Zirconium and its alloys,
in high temperature wate?yexhibits first a decreasing
corrosion rate that may be foliowed by a rapid linear

rate of attack, termed npreakaway' or breakdown'.

Numerous elements alloy with tiatnium, commercial
alloys include aluminium, chromium, iron, manganese,
molybdenum, tin, vanadium and Zirconium, Alloying with
30% Mo greatly increases resistance to hydrochloric
acid. Small amounts of tin reduce secaling losses during
hot rolling. Small additions of palladium, platinum
and other noble metals increase resistance to moderately

reducing media.

Mclybhdenum base alloys are produced for specific
application in . industrial purposes. For example Mo,
0.5 Ti, 0.8 Zr (designated TZM), Mo,30W and Mo, 30

1 are manufactured when high resistance is required,

zirconium and titanium have a very strong affinity
for oxygen and their excellent corrosion resistance
results from the presence, at the metal surface, of a
tenaceous compact £ilm of oxide. Molybdenum has also
n pood resistance to many electrolytes, however, it

Las: dirFerent mechanisms for Lhe oxlde formptlon than
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the two afore menticned valve metals, for its complex

formation tendency.

The corrosion behaviour of a metal in agqueous
media can be correlated with the electrode potential
developed between the immersed metal and a reference
electrode, Materials which develop a negative potential
drift under these conditions will be expected to exhibit
little resistance to corrosion by the medium, while
those which have a positive potential drift will be
corrogion resistant. The electrode potential depends
on the conditions ‘of the surface of the metals and
can be used, by e.m.f. measurements of this kind, to
observe differences and changes in thq conditions of
a metal surface caused either by various methods of
surface preparation or by the action of the solution

on these surfaces,

Reaction films may be formed on metals when are
pul in contact with electrolytic solutions or atmose
bhere. These films are of great importance for the
controlling role they play in determining the reacti-
VLY ol sueh metuls and are usetul as protective and
decorative coatings as well as technological devices.

Anodic films constitute a special class of reaction
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films which are produced in electrolytic solutions.
Nevertheless, formation from solution permits more
freedom in the choice of growth.of a reaction film

than does formation in gases, specially with regard

to the driving force for the reaction, For example,

the driving force can be kept the same by holding

the potential constant, or can be continuocusly varied

to keep the same role by passing constant current through
Lthe cell, Such formations also present some special
problems not encountered in gas phase reactions prin-

cipally with regard to control of composition.

1.1, Zirconium.

Zirconium possesses good corrosion resistance in
many environments ranging from highly hcidic to highly
alkaline aqueous solutions, Tﬁis is usually ascribed
to the presence of a protective oxide film present on
the surlace, formed either during air exposure or
durint the initial period of exposure to tha ajyueous

ol tions,

Guntherschulze and Betz(l), as early as 1831,
studied the kinetics of the formation of anodic. oxide
Pilws on wvirconium among other metals. They applied
fhe analysis of colour and capacity data for films formed

in sulphuric acid, Later, they (2) derived the empirical
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relationship representing the dependence of i, the anodic

currenht density, and H the effective field strength as:

i = K exp BH e e cre e (1)

where K and B are constants, Eguation (1) describes the
high field approximation, Charlesby(s) used surfaces
prepared with emery paper under white spirits and made
comparison of colour and measured the capacities for
different electrolytes. The films formed were stated(B)
to be similar in colour and capacity,nevertheless, some
differences in thickness were reached which were pointed
to he of measuring errors, Films formed in nitric acid

were cubic Zr0O but those formed in the other electrolytes

2
were mostly amorphous oxide though with trace of cubic
ZrOz(S). The current efficiency was found to be less

than 100% and the possible range of thickness calculated
to be from 12.,5-30 AO/V. Similarity was found (4) between
oxide 1TiIms Formed by reaction with alr and [ilms formed
to the same thickness by anodization. As the current

that does not form oxide may be expected to cause oxXygen
evolution, Charlesby and Polling(5) determined the oxygen

evolution and attributed the low current efficiencies

ohtained to be due to the use of the abraded surfaces,

Below the oxygen evoluticen poctential, oxide will
be produced with 100% current efficiency in the absence

of any faradaic process such as metal dissolution. This.
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was assumed to be the case(e‘ll) and at ceonstant current
extrapotential, dF across the film is needed for each
new layer of oxide, d4% , to maintain the field in the
oxide and hence the current, dE/dS may be called the
diflferential field strength, Hd’ and typically does

not vary with increasing thickness of oxide at constant
ionic current density, however, with some metals it

decreases and with others it increases.

The rate of increase of thickness can be given

hy

d$ _ iM.
dt - nk¥s ................(2)

where & thickness, t time, i ionic current density, n
number of Faradays F vequired to form the molecular welight
of oxide M, and S density. If the differential field
strongth "d is constant, the rate of rise of the poton~
tial is

di dbd  _ inM

T T HY GET T TREE  ceeeeeeieinnn. (3)

This relation was used to determine H (knowing i) instead
dh
ac
was called the "unitary rate" by these authors‘® 11)ang

ol to determine | (knowlng if)y., The expression (i) (
1

is a measure of H,
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The delay of oxygen evolution on zirconium, named
as incubation or induction period, 1is influenced greatly
by surface roughness of the metal. Different method
of abrasion were discussed(lz) to show the effects they
produce on the induction period. Chemically ptlished

)l

. . . 13
specimens have zero induction perlod(

(8)

The presence of sufficient chloride ions leads
to corrosion potentials below that of oxygen evolution,
but the potentials was brought above that of oxygen by
the addition of nitrate ions in the ratio 5:1 chloride.
The peculilr action of nitrate in repairing the film
and preventing pifting but the action of chloride
correlates with the results of Misch and Ruther(14),
who proposed that anodization in nitric acid promotes
nucleation of the oxide grains on zirconium. The

(8)

character of the oxide film structure on the tin
alloys which allows a greater permeability to chloride
ion than does the oxide film on the pure metal, also
renders the fixation of nitrate ilon in the film easier
and this ion can thus catalyze the formation of addi-
tional oxide at the very points where the film is most
permeableeTin, therefore, was deleteriocus as an alloying

¢lement,  Chromate, nitrite and phosphate, which are

generally good corrosion inhibitors, exhibit a much

Central Library - Ain Shams University



