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ABSTRACT

It is assumed in this study that the protection

imparted by passive laye~ is dependent upon the balance

between the breakdown of the protective film and the healing

of the produced flaws. Therefore, the occurrence of a pit

(

must coincide with a change in the local conditions in a

flaw which did ~ot heal.

Using this hypothesis, five proposed ~heories for-pitting corrosion are compared using data published in.the

literature. The processes assumed to occur during pit
, <,

nucleation are simulated. The solution compositions and

potentials 'from reported experimental detertnations of

pitting potentials are used as ~tiai conditi~ns. The

po~ential and concentrations at the base of the flaw are

computed by using mass transport equations.

The values obtained are then used to compare.the

five models. For.each theory, an expression depending on
\

potential and concent~ations at ~he metal surface was iden-

tified, so that where a theory is correct, thii expression

is smaller (or la'rger)' than a parameter.
, . Thill parameter,

should be constant, and independent of the particular set of

experimental conditions (e.g. pH, chloride concentration in

(11 i)



the bulk solution), as all the calculations are m~de f9r

conditions corresponding to the pitting potential, i.e.

/

conditions borderlining between pit~l~g and passivity.-

The particular Case of iron" in borate buffers is

considered here.' The computed results indicate that the

most probable mechanism controlling pitting is the adsorp- -. ~

tion of the chloride ions at the metal surface. The repas-

sivation by precipitation of ferrous hydroxide is always

thermodynamically fav9ured, but apparently slow.
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We dance around in a ring and suppose,

But the Secret sits in the midd~e and kpOW5 •
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. CHAPTER I

- ,
IliTRODUCTION

It has been estimated that the cost of corrosion in

the United States is approximately 70 billion dollars a

year, ot4.2% of the Gross National Product (Payer, Boyd,

Dippold and Fisher, 1980). Comparable percentages of the

GNP have been obtained in other countries where~evaluations

have been undertaken (Behre~s, 1975i Hoar, 1971~ Rene and
)

Uhlig , ..1974). Pitting corrosion is certaiqly responsible
I'

for a re~pectable fraction of this cost, as judged by its
•

impact on certain sectors, such as the pulp and paper indus-

try'. One chemical manufacturer found that over a four-year

period, pitting corrosion was respons~ble for about 8% of,
all failures of the metallic piping .and equipment (Collins

and Monack, 1973).

Pitting can be defined as a form of corrosion "in

which only small areas of the metal surface are attacked

whilst th'e remainder is largely unaffected" (Shreir, 1976a).

This can occur· on many common· metals such as iron_, nickel,,
titanium, aluminum, zin~, an·d· t.heir alloys'. The danger of

this type of attack is that it is impossible to monitor Its

I
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progress by visual inspection until the metallic part has

been completely perforated.

The s~udy of pitting cort~iiori has received great

iapetus from 'the development of commercial potentiostats and

their systematic use in experimental electrochemistry since,

the early .1960' s. (Macdonald, 1977). These instruments, by

controlling the po~ential between the sample under study and

a reference electrode in the solution of interest, can

rapidly lndicate some of the conditions necessary for the

occurrence of pitting corrosion. Numerous experimental

results have been obtained: Shreir (1976b) gives a list of

269 articles published on the subject between 1960 and

1974.

The present work is motivated by a desire to gain

theoretical insights by using the already accumulated exper-

imental data. Starting with the assumption that pitting

proceeds through processes of breakdown. and repair, the

elemental physico-chemical processes 'are'simulated, using

contemp9rary numerical'techniques. These permit' the solu-

tion of the relevant differen~ial equations with a minimum

•
of restrictive assumptions.

1
By simulating the behaviour of

a passive metal. during a poten'tiostatic experiment, it is

possible to use the experimental pitting potentials and the
~ ,

•solutions in which they were determined to compute local

electrochemical conditions. These results in turn allow the

quantitative evaluation of five different theories



As iron is the

3

attempting to explain pitting corrosion.

After a short description of the characteristics of

corrosion pits, the different theoretical models which have

been proposed to elucidate this phenomenon are discussed.

The mai~ approaches of. current research are then reviewed in

order ·to situate jJ'e methodology used here.

metal which has been selected for the application of the

proposed methodology, the concluding section of the litera-

ture review discusses the most important theories of iron

dissolution •

..
















































































































































































































































































































































































































































