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AIM AND SCOPE
OF THE PRESENT WORK

The Ag / AgCl electrode is used as an effective cathode in sea -
water activated batteries which employ a Mg - alloy anode . In spite of the
high cest of silver and its irrecoverable loss during use ., non - silver
electrodes were recently developed . Particularly , the Pb / PbCly
electrode is recommended as an economical substitute for the Ag/ AgCl
electrode . In practice . the Pb / PbCl> electrode is prepared by various
means such as hot - pressing . cold - pressing and fusion casting
techniques . In fact , the performance characteristics of the substitute
electrode , prepared by any of these methods | are still inferior to those of
the Ag / AgCl electrode . This may be due partially to the specific
properties of PbCl> and partially to the method of its preparation .

On the other hand , the basic electrochemistrv of the lead electrode
in aqueous HCI and NaCl solutions has been extensively studied by
galvanostatic and potentiostatic techniques but investigated to a minor
extent by cyclic voltammetry . In conclusion , the results of these
investigations showed that the overall anodic reaction leads to the
formation of a passivating thin layer of PbCly on the surface of the lead
anode . In addition . a feature worthy of attention is that sea - water
activated batteries are generally subjected to repeated cycles of charge and

discharge analogous to those oceur in a cyclic voltammetry experiment .
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For these reasons , the first and second parts of the present thesis
are devoted to investigate , in more details , the cyclic voltammetric
behaviour of the lead electrode in agueous HCI and NaCl solutions ,
respectively . Actually , some developed types of measurements have been
performed in this investigation . Moreover , examination of the as -
formed PbCla surface - layers by scanning electron microscopy and X -
ray diffraction analysis has been carried out . Accordingly . the present
study could be effective in thickening of the passivating PbCls surface -
layer and hence may lead to exploring a new rtoute for electrochemical
preparation of an improved Pb / PbCls electrode .

Unfermnately | the anodic behaviour of the lead electrode in
aqueous bromide and iodide solutions has not received adequate attention .
However , very few literature have been published in this respect .
Therefore , the third and fourth parts of the present thesis are directed to
throw more light onto the cyclic voltammetric behaviour of the lead
electrode in aqueous NaBr and Nal solutions | respectively . In addition ,
the produced PbBry and Pbly surface - lavers were investigated by
electron microscopy and identified by X - ray diffraction analysis . These
two parts of the thesis were undertaken to achieve the following two
purposes . Firstly , to integrate our intensive study on the cyclic
voltammetric behaviour of the lead electrode in the conventional agueous
halide ( chloride , bromide and iodide ) solutions . Secondly , to provide
some original data concerning preparation of the Pb / PbBry and Pb /
Pbly electrodes by electrochemical means . The latter data may be helpful
in development of the less common Pb / PbBr; - Br; and Pb/ Pbls - Mg
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accumulators .

The fifth part of the thesis deals with application of the Pb / PbCl>
electrode . prepared by cyclic voltammetry under selected conditions , in
a pilot sea- water activated cell ( or battery ) . The discharge curves of
the cell have been examined as a function of some operating variables .
Accordingly . the performance characteristics of the cell have been

discussed and evaluated .
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CHAPTER - 1

INTRODUCTION
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1.INTRODUCTION

1.1 The passivation phenomenon

Passivation is an unusual phenomenon observed during the
corrosion of certain metals and allovs . It can be defined as a loss of
chemical reactivity under certain environmental conditions . More
specifically . the term 1is applied to the sometimes observed
transformation of a corroding unstable surface to a passive stable surface
by the supenimposition of a double - laver field which would accelerate
the metal dissolunon reaction rather than hinder it , i . e. by a shift of the
electrode potential in the positive direction . This phenomenon of
enforced passivation [ 1 | seems unnatural or at least unexpected .
Passivation results as a process of formation of an insoluble oxide ,
hydroxide or solid salt in contact with the metal . Protection of the metal
will be complete where the film of deposit is absolutely adherent and non
- porous .

The behaviour of metal anodes at which an insoluble layer is
formed has been discussed in detail by Miller [ 2 ] . He suggested that
crystals formed by supersaturation of the solution near the anode grew
sideways of the surface during the low overpotential passivation period .
When this covering was completed there was an abrupt rise in the
potential of the electrode due 1o the increased current density in the pores
of the salt laver leading to the production of higher valency - metal

compounds and / or oxygen evolution .
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The variations in the passivation time ( at a certain potential ) could then
be ascribed to differing thickness of the layer at the moment of
completion , and also to variation in the amount of lead salts lost by
convection during the formation of the thicker layers .

The relation between the applied current density ( j ) and the time
of passivation (1, ) was also studied by Miiller and Machu [ 3] and

Kabanov {4 ] and the following relation was found to a Iy :
g PP}

If the above relation is written as -

logty; = constant - a logj

it is evident that the plot of log tp agamst log j should be linear with a

slope equals - a.

The electrochemical behaviour of an active - passive metal renders
a reasonable explanation for the formation of a passive surface layer
[ 5 1. The electrode potential - current density ( E - j ) curves for an
active - passive metal show an interesting pattern as can be seen in Fig. 1.
When the potential is shifted starting from the corrosion potential  Ecorr
( the zero current potential ) , the dissolution current increases . The

metal ions pass into the solution according to the reaction :
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