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Introduction — Pitting corrosion at a passve metal such
as pure iron can ocaur, if criticd conditions are fulfill ed
with resped to e. g. the aiticd pitting potential E, and the
criticd concentration ¢, of an aggressve anion. When all
criticd conditions are met, the first pit acaompanied by a
fast rise of anodic current appeas after some time t; of

incubation. Mean values of t; change by many orders of
magnitude depending on experimental conditions. Indi-
vidual values of t; are described by a broad dstribution

function. At timest < t; the aurrent is noisy. Att > t; the
surface oncentration of pits rises to stationary values.

Experimental — Usually, passve iron was kept at con-
stant eledrode patential and the ancentration of chloride
in a solution of defined pH was incressed step-wise.
Eledrodes had areas A = 1 cm?, but microeledrodes were
used e.g. for noise measurements in order to oktain intrin-
sic dedrode noise not influenced by external noise. Dis-
tribution functions of t; were obtained with cdlsin which
up to 20 working eledrodes were kept under identicd
conditions.

Results- Mean incubation times t_, as afunction of elec
trode potential E are described by

lgt; /tg = Eg/(E - Ep) (1)
with the aiticd pitting potential E,. The minimum incu-
bation time ty depends only little on E and the dloride

concentration c. Both E, and the redprocd slope E51 are
linea functions of the log c. Experimental values

Eol = Slgclc, 2

extrapolate to the aitica concentration c,. The slope S
deaeases linealy with pH.

The probability P to observe the first pit at the timet after
establishing the aiticd conditionsis described by

P(t) = exp(-At) ©)
with the frequency function
Alt) =[1-expt/1y)l[a+bexpEt/Ts)]  (4).

Egs. (3) & (4) were etablished by analyzing severa
hundreds of pit incubation times. All the 4 parameters in
€g. (4) were found oley the potential dependence analo-
gous to the onein eg. (1). The same aiticd pitting poten-
tial was obtained from ead of the parameters.

The differences t_i—t* are alinea function of the redp-

roca eledrode aea The shortest incubation times t~ are
observed at large dedrodes. At microeledrodes the incu-
bation times can becme very long even in concentrated
chloride solutions.

Spedral densities S, of the intrinsic voltage noise were
obtained from spedral densities § of current noise and
from impedance spedra Z(f)
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S =S 2 (5)

both measured under potentiostatic conditions. According
to measurements in borate buffer solutions not containing
aggressve anions, S, isdescribed by aLorentz function

~ K
1+[(f2 - @) ITf)?

(6)

with a central frequency f, = 0 and a charaderistic fre-
guency '= 1.4 mHz in a frequency range 1 pHz < f < 10
Hz. The amplitude K = 470 pv2 Hz* and ' were inde-
pendent of E for potentials E > Er sufficiently positive to
the Flade potential Er. Shallow maxima of S, were ob-
served around 1 kHz depending on neture and concentra-
tion of non-aggressve anions. Immediately after addition
of chloride, additional noise S, around a central frequency
f, = 4 Hz was observed with the amplitude decaying from
a maximum to a steady state. Finite central frequencies
indicae oscill atory behavior.

Simultaneously with the noise there is a negligible in-
creese of the mean current, but arelatively large and noisy
increase of the ferric in dissolution rate observed with the
rotating ring disc dedrode. The mean ferric ion
disolution rate grows linealy with the dhloride @mncen-
tration. No ferrous ions are disolved during the incuba-
tion time.

After appeaance of the first pit, the number of further pits
increeses rapidly at a rate increasing with E - E, and with
c. After some time asteady state surface oncentration N,
of pits is attained. N, increeses with E - E, and ¢ and
deaeases with pH. Again, N, becomes zero at the aiticd
pitting potential.

Pits are evenly distributed on a surfaceof maaoscopicaly
even didocation structure. Cold work increases N,. Pits
are known to grow at dislocdions emerging at the surface
The probability P(r) to find a pit at aradial distancer from
any pit is described by a Poison function. However, there
is an exclusion zone aound the pits in which no new pits
appea. The width of the exclusion zone deaeases with ¢
and increases with pH, but is independent of E.

Discussion — Pit initiation can be understood in terms of
locd thinning of the pasdvating oxide film due to the
enhancement of the oxide disolution rate by adsorbed
chloride which is removed from the surface by iron(lIl)
chloride complexes. The disolution apparently is locd-
ized, because idands of a mndensed adsorption phase ae
formed at chloride concentrations in solution excealing a
criticd value. Another posshility with similar conse-
guences is the preferential adsorption of chloride &
atomic steps. On aress of thinned oxide the film may
either grow again or may dislve further urtil it i s even-
tually removed completely at some spot. Such a mecha-
nism explains the enhanced noise and iron(l1l) disslution
rate. If a bare spot appeas at the site of a suitable emerg-
ing didocaion, growth of pits covered by a monolayer of
chloride starts by dislocation etching producing at first
etch pits with typicd crystall ographic shapes which upon
further growth may assume a hemisphericd shape. The
demand for chloride to cover the growing pit is the gpar-
ent reason for the exclusion zone.



