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SHORT COMMUNICATION
SPATIAL DISTRIBUTION OF PITS ON STAINLESS STEEL
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Abstract —The spatial distrsbution of pits formed on a stainless steel electrode 15 analysed by means of two
stachastic criteria based on the Posson distnbution law [nformation 1s obtained about the character of the

location of pits on the electrode surface

The probability aspects of the pitting corroston have
been considered with increasing interest n recent
years and various models have been propesed to
describe some stochastic effects concerning the birth
and the death of pits weth time[ 1-6] In this work the
pitting corrosion of 316 stainless steel (85) 15 studied
and the spatial distrtbution of pits 15 analysed using
wwo different critenia based on the Powsson distribu-
tion law

The working clectrodes were made of 316 85 rods
mechantcally polished and embedded m Araldite to
expose a surface area of 0 2 cm? The counter electrode
was a large platmum sheet and a saturated calomel
electrode (sce) was used as reference The electrolyte
was NaH,PO,+005M Na,B,0, (pH 8)
+ 05 M NaCl aqueous solution kept at 25°C The pats
(Fig 1) were formed at a constant potential (080 V vs
sce) as descnibed by Salvarezza er al[4, 5]

Let us assume that corrosion pits are randomly
distributed on the S8 surface and let us further con-
sider that the probabiiity (P,,) of finding the number of
pits (m) m arbitrary surface elements (AS) 1s given
by the Poisson equation

N"exp{—N)
T

P (1)

m

Fig 1 Pis formed on 316 stamnless steel at a conslant
potential 080 V vs sce {svale 01 mm)
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Where N 15 the average number of pits 1n the area AS
In the case under constderation, P, the experimental
probability 15 obtammed by dividing the number of
surface elements contaming m pits by the total number
of elements randomly located withwn the surface of the
sample The circles m Fig 2 denote the expernimental
probabilities, P, and the line illustrates the theoretical
distribution obtamed by using Equation (1) with N
=127 This figure represents the experimentally
found average number of pets corresponding to a
surface element AS=4x10"*em? The good agree-
ment between the theory and the expeniment confirms
the assumption of a random distnbution of pits 1n the
experimental system

Another way to study the distribution of pits on the
electrode surface 15 by analysing the distances between
the nearest nesighbour pits{7-9] By definition[10], the
nearest neighbour distance to a given pit satisfies the
conditons {(Fig 3) (1) no pats are formed within the
circle of radius r, (1) only one pit can be formed within
the anulus of width dr By using Equation (1), for the
probabilety of the first event (m=0) one obtains

Py=exp(—nriNy), 2
where nr’ N, 15 the average number of piis in the circle
with radws r, N, being the pit density averaged over

the total sample area In a sinular way for the prob-
ability of the second event (m=1) follows

P, =2ardrN, exp(—2nrdrNg) =~ 2ardrN,  (3)

Then, the distnibution function for the nearest neigh-
bours distance 15 given by

Prdr= PP, =2nrN, exp{—nri N Xdr 4)

T1g 2 Expenmental (circles) and theoretical (line) probatnl-
iies of finding exactly m pits i a surface element AS =4
x 107* cm?
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Fig. 3. Scheme for the definition of the nearest neighbour
concepl.

The histogram depicted in Fig. 4 shows the exper-
imental distribution of the probability PrAr, (Ar=4
% 107 % ¢m), obtained by measuring the distances
among nearest neighbour pits on the whole electrode
surface. The line in Fig. 4 represents the theoretical
curve calculated by means of Equation {4) with N,
=1.98 % 10* cm ™~ %, which is the experimental density
of pits related to the geometric electrode surface area.
The second analysis seems to confirm the random
distribution of pits on the stainless steel electrode. This
fact leuds to a relevant conclusion: the formation and
subsequent growth of a single pit does not influence
the appearance of other pits on the electrode surface.
Indeed, if any exclusion zones arise around the grow-
ing pits the smallest distances would appear in the
experimental histogram with a probability lower than
that predicted by the Poisson theory. A slight effect of
this kind is actually observed in Fig. 4, but at the
present stage additional experiments should be carried
out in order to verify if this is a systematic or a random
deviation {rom the theoretical distribution law.
Finally, it should be noted that the location of pits
on the electrode surface reflects the location of active
sites for the formation of pits which for the S8
specimens are assumed to be sulphide inclusions[4].
Therefore, it would be important to visualize these
inclusions by an independent method and to study
also their spatial distribution on the electrode surface.
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Fig. 4. Experimental {histogram) and theoretical (linc} dis-
tribution of the distances among nearest neighbours.
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