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ABSTRACT

The SCC processes of the high
strength carbon steel alloy wos investi-
gated by the electrochemical noise
generotion during corrosion processes.
The investigotion wos corried out under
free corrosion potentiol in on acidified
NaCl solution (3.5% NoCl + dil, H,S04),
poisoned with Na,S (500ppm). The“electro-

. chemicol noise was observed os spontaneous

fluctuotions of potential. The readings
obtoined were onalysed using the moximum
entropy method. The spectrum staondard
deviotion and the roll-off slope are the
meosured porometers which appecred to
give the cleorest indication of the
results. All the noise omplitudes
generally increase with decreasing
frequency osd the power spectrol density
ore inversely proporticnscl to some power
of the frequency thus indicating '1/f’
or 'flicker' noise.

INTRODUCTION

Noise is o genera] term used to
describe the fluctuating behaviour of o
signol with respect to time. For the
electrochemical corrosion, the process
is stochostic, random in time and is the
result of o series of transients
ossociaoted with film breakdown or locol
corrosion events. Electrochemical noise
has been defined (1-3) os the spontoneous
fluctuotion of the current passing
through an interface (or of the potentiol)

" ,under potentiostatic (or galvanostotic)
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control, Electrochemicol noise meosure-
ment is a new development in corrosion
monitoring ond in this case, the
technique is non-pertubotive. This
phenomenon of electrochemical noise
generotion during corrosion processes
hos received considercble attention in
receft yeors (4-8), The oncolysis of
electrochemical noise is now known teo
give a useful informotion cbout the raote
and nature of the chemicol processes
toking ploce ot the electrodes. In this
work, the electrochemicol noise generated
during the SCC of high strength carbon
steel in o de-ocoroted ocidified NoCl
solution under free corrosion potential
hos beent studied ond the electrochemical
noise spectra correloted with the
progress of the stress corrosion test,

EXPERIMENTAL PROCEDURE

The quontovoc spectrogrophic
onalysis gave the composition of the
high strength caorbon steel as: 0.95C,
0.355i, 1.27Mn, 0.0195, 0.018P, O, 16N},
0.06Cr, 0.08Mo, O.12v, 0.02Co, 0,002T7i%,
0.028Nb, 0.23%w, 0.05A1, 0.045n ond
0.017Pb. The high strength corbon steel
was cut into plates each 120mm long, lmm
thick and 10mm wide. The specimen
preparation, involved three phoses:
heat treotment, grinding ond polishing,
ond the prepaorotion of specimen holders.
The specimens were ploced in the heot™
trectment furnace with on argon atmosp
ctmosphere., The furnoce wos heoted to o
temperaturs of 800°C ond the specimens
wvere held there for 2 hours, The
specimens wvere then removed ond
immediately quenched in oil, They
vere removed from oil, drip dried ond
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then ploced back in the furnace and
tempered by heating ogain, but to a
temperature of 207°C, and held there
for one hour before being removed. The
specimens were ground by abrosive
papers of up to 1200 :it. Before
being used, each of tne specimens was
polished using 3u and. 1y diamond
polisher, The specimen holders, schema-
tically shown in Fig. 1, were cut and
machined to the required specifications.
The specimen holder in Fig. 1 (i/ii)

was used to hold the test specimen in
the bowing position (bent plate), while
Fig. 1 (iii) shows the dial gauge
holder. The steel bolts used as part’
of the specimen holder were cut to 150
mm lengths and were 20mm in diameter,

-

The Analar grade NoCl was used to
prepare 3.5% NaCl solution using
distilled water. In aoddition, sodium
sulphide (NOZS) was aodded to the
solution to "a concentration of 500ppm,
The solution was later acidified with
dilute sulphuric acid (H,S504) to a pH
value of 2, The test specimens were
stressed by bowing. A dial gauge was
used for measuring the def. :tions as
shown in Fig. 2. The steel bolt was
claoamped in o vice and the nuts were
tightened until the desired deflection
of the specimen was obtained. The
central section of the specimen was
deflected into the arc of a circle, and
the stress in the outer fibre was
therefore calculafed by the formula.

4Etd

s =

where:
, S = Stress in outer fibre

E = Young's modulus

d = distance from the outer
fibre of the arc to the
chord;

t = thickness of the specimen

1l = length of the chord;

d was measured by means of a dial gauge
reading to 0.001mm. The fixed legs of
the dial gauge holder were 60mm apart.
The zero of the gauge was determined on
a piece of glass plate. Stresses of
50%, 45%, 40% ond 35%\9f the yield
stress, Y.S. (1137MPa) were made as
needed. Some preliminary tests of time-
to-failure were made under free

corrosion potential. A digital voltmeter
and chart recorder were used for the
potentiel monitoring. Nitrogen was
continuously passed into the solution

for dearction., All the foilure times
were accurately observed visually,
Monitoring by chart recorder also showed
accuratiely the failure iimes.

The electrochemical noise maasure-
ments were made using a stress of 35%
(796MPa) of the Y.,S5. for all the test
specimens. The ocidified and Na,S
poisoned NaoCl solution was token into a
specially prepared rectongular tank ond
sealed. The solution was connected to
a standard calomel reference electrode
using a PVC tube (which served as the
salt bridge). Nitrogen was passed into
the solution for de-ceration. The bowed
specimen was put partially immersed into
the solution and hung from a clamp. The
specimen and the standard calomel
reference electrode were separately
connected to a solartron 7055 digital
voltmeter which megsured the potentials.
The digital voltmeter was connected to a
Hewlett Packard HP85 desk-top computer
which controls the voltmeter. The
readings measured by the voltmeter were
sent to computer aond stored on tape. The
readings obtained were analysed in groups
of 1024 in order to construct a frequency
spectrum from the time record. Maximum
entropy method was the algorithm used,

The spectral density curves obtained for

all the daota files for each particular
specimen were standardised into a uniform
scale and then plotted on a single plot.
Curves of spectral density {(i.e. noise
amplitude/frequency) were made. Spectrum
standard deviation was the second output
obtained from the anclysis. These were
used to plot the spectrum standard
deviation/time curves. Some tests were
similarly carried out for the unstressed
specimens. Some experiments were also
performed in which the progress of the
crack initiction and growth was followed
by means of plastic replicas taken from
the surface and subsequently examined in
the scanning electron-microscope. All
the tests were carried out ot ambient
temperature.
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The results obtained from the
electrochemical noise measurements
could probably be related to one of
the above mechanisms (particularly
the more favoured hydrogen embrittle-
ment) in terms of the sources of noise

. generated, tt behaviour of the noise
Gs given by thelr spectrol densily
curves, noise amplitudes, roll-off
slopes and other tharacteristic
parameters.

The general electrochemiccl noise
behaviour as indicated by the curves
of the spectral density/plateau noise
amplitudes and the standard deviation
peaks, presents a trend, where noise
increases from the beginning in a
manner corresporiding to the degree of
corrosion.

The increase in noise got to a
peak after about one hour, then
decreased for a period of cbout 20
minutes but not as low as at the
beginning. At this level, the noise
curve remained almost stationary for
about another 40 minutes, though
decreasing very slightly towards the
end of the stationary period, after
which the highest noise (amplitude) or
the highest standard deviation peak
was obtained. This corresponds with
the time the sudden brittle crack or
failure occurred {usually observed).

The trend discussed above can be
divided into three phases of:

i. - active general corrosion by
metal dissolution
ii, - stationary period

iii, - metal brittle failure

These three phases can be schematically
presented as shown in Fig. 9.

The spectrum of the unstressed
alloy, Fig. 6, decayed with frequency,
though the roll-off generally taokes
place at about 8 mHz. The noise
amplitudes as indicated by the time
record numbers of the spectral density
curves are distinctly separated at the
low frequency, thus fhdicoting the
cccurence of low frequency noise,
These conform with the '1/f* or

'flicker' noise,

The rise in the noise amplitude
from time record 1, (0-20 min.,) to time-
record 3 (40 min,) can be associated
with general corrosion resulti: from
the specimen's d: ylution in tne
aggressive environment,

This increase in noise amplitude
gives increasing negative roll-off slopes
of =11, -17 and -18 dB/decade respective-
ly for the time records 1, 2 and 3 {(40-
mins.). From time record 4, {60 min.),
the noise amplitudes decrease very
slightly with time and. show o slight
decrease of negative roll-off slopes
which are almost constant at -16dB/decade
throughout. A plousible explanation for
this decrease in noise amplitude is that
the precipitation of corrosion products
might have hindered partially the active
corrosion of the specimen. In addition,
there might be o decrease in the degree
of corrosion because of increasing
contamination of the test environment by
the corrosion deposits, lessening the
chemical reactivity. The spectrum staon-
dard deviation/time curve, Fig.5,
corresponds with the spectral density
curves and hence can be similorly used
for this discussion.

All the stressed specimens, (as
exemplified by Fig. 4), show similer
characteristics as the unstressed
specimen with respect to the type of
noise and spectral density curves, Here
alsc, the spectrum is inversely propor-
tional to the frequency, exhibiting high
noise amplitudes at the low frequency
and thus indicating "1/f' or *flicker'
noise. However, the roll-off occurs at
a lower frequency (2mHz) when compared
with that of the unstressed specimen
(8mHz), and the decay with frequency of
the power spectrgl density is more
defined. These might be due to more
intense corrosion (acnodic and caothodic
reactions) of the stressed specimens.

Like the unstressed specimen, the
continuous increase in the noise
amplitude from time record 1 (0-20min,)
to time record 4 {60 mins.) of the
spectral density curves as in Fig. 4,
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Pig. 9. Schematic representation of electrochemical noise
behaviour of high strength carbon. steel.
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