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ABSTRACT 

The SCC proceues of the high 
strength carbon steel alloy wos investi­
gated by the elec t rocheMical noise 
generation during corroaion procesaea. 
The investigation was carried out under 
free corrosion po t ential in an acidified 
NoCl solution (3.5% NoCl + dil. H

2
so•>. 

p~isoned with Na 2S (500ppm). The electro­
ch .. ical noise wa s observed as spontaneous 
fluctuations of potential. The readings 
obtained were ana l ysed using the maximum 
entropy method. The spectru• standard 
deviation and the roll-off slop~ ore the 
Measured paramete r s which appeared to 
give the clearest indication of the 
results. All the noise amplitudes 
generally increas·e with decreasing 
frequency a•d the power spectral density 
are inversely proportional to some po.er 
of the. frequency t hus indicating '1/f' 
or 'flicker• noise. 

INTROOUCT ION 

Noise is a genera\ term used to 
describe the fluctuating behaviour of 0 

signal wi~ respect to time. For the 
electroch .. ical corrosion, the process 
is Stochastic, ranaOM in time ond is the 
result of a series of transients 
associated with fil• breakdown or local 
corrosion events. Electrochemical noise 
has been defined ( 1-3) as the spontaneous 
fluctuation of the current passing 
through an interf~e (or of the potential) 
under potentiostati c (or galvonostotic) 
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control. Electroch•mical noise •easure­
ment ia a new develop•ent in corrosion 
monitoring and in this case, the 
technl~"e is non-pertub.ative. This 
phenomenon of electroche•ical noiae 
generation during corrosion procesaea 
has received considerable attention in 
rec.ftt yeara (4-8). The analysia of 
electrochemical noiae is now known to 
give a useful inforMation about t~ rate 
and nature of the ch .. ical praceaaes 
taking place at the electrodea. In thia 
work, the electroche•ical noise generated 
during the sec of high atrength corbon 
steel in o de-aeratod acidified NaCl 
solution under free corrosion potential 
has been atudied and the electroch .. ical 
noise spectra correlated with the 
progress of the stress corrosion teat. 

EXPERIMENTAL PROCEDURE 

The quantovac spectrographic 
analysis gav.e the c011poaiUon of the 
high strength carbon ateel as: 0.95(, 
O.J5Si, 1.27Mn, 0.0195, 0.018P, 0.16Ni, 
0.06Cr, 0.08Ko, 0.12V, 0.02Ca, 0.002Ti, 
0.028Nb, 0.23Cu, 0.05Al, O.O.Sn and 
0.017Pb. The high strength carbon steel 
was cut into plates each 120- lon;, ,_ 
thick and 10mm wide. The apeci•en 
preparation, involved three phaseat 
heat treatment, grinding and polishing, 
and the preparation of speci•en holders. 
The speci•ens were placed in the heat~ 
t ·reatment furnace with an organ at.aap 
atmosphere. The furnace was heated to a 
temperature of 800°C and the apeci•ens 
were held there for 2 hours. The 
specimens were then re•oved and 
immediately quenched in oil. They 
were removed fro• oil, drip dried and 
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then plac~d back in the furn,ace and 
tempered by heating again, but t.o a , 
temperature of 207°C, and h~ld there 
for one hour before being removed. The 
specimens were ground by abrasive 
papers of up to 1200 grit. Before 
being used, each of the specimens was 
polished using 3~ and 1u diamond 
polisher. The specim.en 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 posit ion {bent plate), ~hile 
Fig. 1 {iii) shows the dial g~vge . 
holder. The steel bolts used as part · 
of the specimen h6lder were cut to 150 
mm lengths and were 20mm in diameter. 

The Analar grade NaCl was used to 
prepare 3.5% NaCl solution using 
distilled water. In addition, sodium 
sulphide {Na2S) was added to the 
solution to a concentration of 500ppm. 
The solution was later acidified with 
dilute sulphuric acid (H

2
S04) to a pH 

value of 2. The test specimens were 
stressed by bowing. A dial gouge was 
used for measuring the deflections as 
shown in Fig. 2. The steel bolt was 
clamped in a vice end 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 calculcfed by the formula. 

where: 

s = 

s = 
E = 
d = 

t = 
1 = 

4Etd 

J.2 

Stress ~n outer fibre 
Young's modulus 
distance from the outer 
fibre of the arc to the 
chord; 
thickness of the specimen 
length of the chord; 

d was measured by means of a dial gauge 
reeding to O.OOlmm. The fixed legs of 
the dial gouge hold~r were 60mm apart. 
The zero of the gouge was determined on 
c piece of gloss plate. Stresses of 
50%, 45%, 40% and 35%~of the yield 
stress, Y.S. (1137MPa) were ~ode as 
needed. Some preliminori tests of time­
to-failure were mode unde~ free 
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corrosion potential. A digital voltmeter 
end chert recorder were used far the 
potential monitoring. Nitrogen was 
continuously passed into the solution 
for dearction. All the failure times 
were accurately observed visually. 
Monitoring by chert recorder also showed 
accurately the failu e i me~. 

The electrochemical noise macsure­
ments were made using 0 stress of 35% 
(796MPa) of the Y~S. for ell the ~est 
specimens. The acidified and Na 2S 
poisoned NcCl solution was token into a 
specially prepared rectangular tonk and 

.secltd. 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-aeration. The bowed 
specimen was put partially immersed into 
the solution end hung from a clamp. The 
specimen and the standard cclo~el 
reference electrode were separately 
connected to a solcrtran 7055 digital 
voltmeter which measured 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 end stored on tope. The 
reedings 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 data files for ea~h 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 analysis. These were 
used to plot the spectrum standard 
deviation/time cur~es. Some tests were 
similarly carried out for the unstressed 
specimens. Some experimen~s were also 
performed in which the progress of the 
crack initiation 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 at ambient 
temperature. 
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"EXPERIMENTAL RESULTS 

The curve for the time-to-failure, 
Fig.3, indicates that the failure time 
decreases with increase in the applied 
stress and vice-versa. In each case 
of a failure, a sudden brittle failure 
wa~ observed. While the time-to-failure 
at 50% stress level ( 1137MPa) was about 
1a minutes, it took 2t hours for 
specimen at a stress leVel of 35% Y.S. 
(796MPa) to foil. 

Electrochemical Noise Measurements 

Spectral Density .Curves (Noise 
Amplitude/Frequency) 

The unstressed specimen curves, 
Fig. 6 show alternating spectral density 
curves and decreasing noise amplitudes 
with time as indicated by time record 
numbers. At low frequency, the spectral 
curves are distinctly separated but they 
ore very close together at the highei 
frequency levels of 10 and 100 mHz. The 
cr~cking time record and hence the 
failure time for the stressed ~pecimens, 
sh~w the highest noise amplitudes at 
beth the low and hi gh frequency levels. 
The time-record, Fig. 4, at which the 
fa.ilure occurred is distinctly shown as 
ftime-record 8. 
" t ·. The standard deviation curve for 
the unstressed specimen, Fig. 5, rises 
t-a··t time record 3 and thereafter decreases 
~ increase in time with some 
occasional slight fluctuations. In all 
·t'h; stresse~ specimen curves, the 
hi~hest standard deviation peak shows 
t~e Jailure time. In Fig. 5, the 
hi~hes.t standard deviation peak for the 
&t~es~~d specimen (270MPa) could be 
Q·~ :sP.rved at exactly 2 hours 20 minutes 

· f t~m the start of the experi ment. 
~. . ...... 

""Jll. the spectral densit·y curves, the 
~{~e record figures are pu t in 
~~~ckets, while the corresponding time 
(.inJnutes) ore written by the side ( s ) . 
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In general, there was no 
indication of any change during the 
test, except for a large increase in 
standard deviation for the measurement 
period irt which the final fracture 
occured. In this period a single large 
transient could be seen on the time 
record and when this was eliminated f rom 
the analysis, even this period gave a 
spectrum which was similar to all of the 
earlier spectra • . This steel was 
tempered to a very high strength and as 
for · as 'could be determined, t he failu r ·e 
occured instantaneously, with only a 
single hydrogen embrittlement cracking 
event followed immediately by purely 
mechanical fast fracture. Since the 
corrosion process leading to hydrogen 
embrittlement is hydrogen generation, 
which should remain virtually constant 
throughout the test, the absence of 
detectable changes in the noise spectrvm 
seems entirely reasonable. 4 

The SEM micrographs made,show a lot 
of pit-like formations and evidence of 
anodic dissolution of the specimen's 
surface, Fig. 7. There was no evidence 
of crock prior to failure. The scanning 
electron microscope (SEM) examination of 
the fractured specimen's surface reveals, 
two different types of fractogrophic 
features in mixed form all over, Fig. 8. 
It is all a mixture of fibrous tearing 
as indicated by dimples (which ore more) 
and cleavages which ore characteristic 

)} 

of hydrogen embrittlement of steel. The · 
fibrous tearing was likely to occur 
because of the very fast fracture of the 
specimen (sudden brittle failure). 

DISCUSSION 

Two major mechanisms of crocking 
most widely postulated to account for 
the stress corrosion cracking of high 
strength steels have been: 
(1 ) dissolution of the metal in the 

path of the crock, some times 
termed "active path crocking, APC' 
and 

(2) hydrogen assisted cracking 
('hydrogen embrittlement') from 
corrosion generated hydrogen (9). 
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The results obtained from the 
electrochemical noise measurements 
could probably be related t~ one of 
the above mechani sms (particularly 
the more favoured hydrogen embrittle­
ment) in terms of the sources of noise 
generated, the b~ haviour of the noise 
os given by thei spe t al den ' t y 
curves, noise amp l itudes, roll-off 
slopes and other e hara.cteristic 
parameters. 

The genera l el ect r och emic a l noise 
behaviour as indi cated by the curves 
of the spectral density/plat~au noise 
amplitudes and the standard deviation 
peaks, presents a · trend, where nois~ 
i ncreases from the beginning in a 
manner corresporidi ng to the d~gree of 
corrosion. 

The increase in noise got to a 
peak after about one hour, then 
decreased for a period of about 20 
minutes but not a s low as at the 
beginning. At th i s level, the noise 
curve remained almost stationary for 
about another 40 minutes, though 
decreasing very s li ghtly towards the 
end of the stationary period, after 
wh i ch the highest noise (amplitude) or 
the highes f standa rd deviation peak 
was obtained. Th i s corresponds with 
the time the sudden brittle crack or 
failure occurred ( usually observed). 

The trend di s cussed above can be 
divided into three phas~s of: 

ii. 
iii. 

active general corrosion by 
metal di s solution 
stationa r y period 
metal br i ttle failure 

These three phase s con be schematically 
presented as shown in Fig. 9. 

The spectrum of the unstressed 
alloy, Fig. 6, de c oyed with frequency, 
though the roll-o f f generally takes 
place at about 8 mHz. The noise 
amplitudes as ind i cated by the time 
record numbers of the spectral density 
curves ore distinc t ly separated at the 
low frequency, thus i~dicating the 
occurence of low fr equency noise. 
These conform with the '1/f' or 
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'flicker' noise . 

The rise i~ the noise amplitude 
from time record 1, ( 0- 20 min.) to time­
record 3 (40 min,) can be associated 
~ith general corrosion resulting from 
the specimen's dissolution in the 
aggress ive environme nt ; 

Thi& increase in nois~ amplitude 
gives increasing negative roll-off slopes 
of -11, -17 and -18 ·dB/decade respective­
l y f o r the time reco rds 1, 2 and 3 (40-
mins.). From t i m~ record 4, (60 min.), 
the noise amplitudes decrease very 
slightly with time and. show a slight 
decrease of negative roll-off slopes 
which are almost constant at - 16dB/decade 
throughout. A plausible explanation for 
this decrease in noise amplitud• is t hat 
the precipitation of corrosion products 
might hove hindered partially the active 
corrosion of the specimen. In addition, 
t here might be o decrease in th e degree 
of corrosion because of increasing 
con t ami nation of the test environment by 
the corrosion deposits, lessening the 
chem i cal reactivity. The spectrum stan­
dard deviation/time curve, Fig.5, 
corresponds wit h t he spectral density 
curves and hence con be similarly used 
for th i s discussion. 

All the s t res s ed specimens, ( as 
exemp l if i ed by Fig . 4), show s i mi lar 
characteristic~ as the unstressed 
specimen with respect to the type of 
noise and spectral density c urves. Here 
also, the spec t rum is inversely propor­
tional to the frequency, exhibiting hi gh 
noise amplitudes a t th e low frequency 
and thus i ndicating '1/f' or ' flicker' 
noise. However , the roll-off occurs at 
a lower freque ncy ( 2mHz) when compared 
with that of the unstressed specimen 
(8mHz), and the decay with frequency of 
the power spectral density is more 
defined. These might be due to more 
intense corros i on ( anodic and cathodic 
reactions ) of the stressed ipecimens. 

Li ke the unstressed specimen, the 
continuous increase in the noise 
a mplitude from time record 1 (0-20min.) 
to time record 4 (60 mins.) of the 
spectral density c urves as in Fig . 4, 
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•ight be due to general corrosion and/or 
dissolution of the specimen. A uniform 
noise amplitude was maintained at tiMe 
record 5(80 min.) to 6( 100 min,) with 
a alight decrease at time-record 
7(120 .. in.) and this was observed to 
be the period of intense hydrogen 
activities-hydrogen evolution and 
probable cb~orption end ?dsorp tion . 

The increasing noise amplitude 
fr~ time record 1( 0 min.) to time 
record 3(70 •in.) gives decre.osirig 

·negative roll-off slopes . of -26, -9 
and -17 dB/decode respectively. A trend 
of increo~ing corrosion corresponding to 
a decrease of negative roll-off slopes 
is shown here. · From the time-record 4, 
constant roll-off slopes of -19 dB/ 
decode were obtained for time-records 4 
{60 min.), 5{80 min,) and 6(100 min.) 
while o roll-off slope of -18 dB/decade 
was obtained for the spectral density 
curve of time record 7. · 

This period of on almost constant 
roll-off slopes and stationary curve 
may be associated with hydrogen 
embrittlement reactions as given above. 

No change in the electro~hemicol 
noise behaviour was observed up to time 
record 7(120 mins.) for both the 
unstressed end the stressed specimens. 
A very distinct and incidentally the 
highest noise amplitude with c roll-off 
~f -13dB/decade wos obtained for the 
spectral density curve at time record 8, 
(140 mins., Fig. 4) where fcifure 

- occured as visually observed. This con 
be explained to be du~ to the fresh 
surface. of the bare metal which in 
contact with bulk solution creates c 
pot~ntiol spike manifesting os noise due 
to ~he anodic reactions. This results 
in metal dissolution of the fresh 
surface. It may thus be inferred that 
the _increase in noise at time record 8 
(140 min.) is solely due to a single 
transient caused by failure of this 
specimen. The observation that no 
change occurred in both stressed and 
unstressed specimens up to time record 
7 probably indicates th9t th·e corrosion 
process was mainly by hydrogen embrittle­
ment reactions. 
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The various SEM micrographs, such 
as in Fig. 7 mode along with the noise 
measurements clearly show some ot the 
processes occuring on the specimen's 
surface. They correlate with the curve~ 
mad e from the interrupted noise measure~ 
me nt to present a more practical 
evidence of the sources of noise and the 
degree of corrosive o ~t ock , Thi~ 

correlation i s obtained despite the 
problem of r eproducibility of results 
due to "the repeated withdrawal of the 
specimen out ofand -immersion into the 
test solution for plastic replication 
monitoring. The micrographs show large 
anodic dissolution of the specimen's 
surface and the various pi t-like 
formations. These, in ~onjunction with 
the observed hydrogen generation, would 
hove probably caused the higher noise 
amplitudes and t he more defined spectral · 
curves of the stressed then the 
unstressed spec imens even before the 
failure occurred. No crack on the 
~pecimens surface could be obs!~ved from 
the micrographs before the sudden 
brittle failure. 

For the mechanisms of cracking, it 
was observed in this work that 
dissolution of the specimen occurred as 
evidenced by the SEM micrographs, and 
this was accompanied by the generation 
of hydrogen which might hove been from 
the pits and other forms of localised 
corrosion which occurred when the NaCl 
solution was acidified with H2so4 • No 
change of corrosion behaviour was 
observed between the unstressed and 
stressed specimens until failure 
occurred end no crack was observed 
before then. 

There was a considerable period of 
stationary co~rosion rete before the 
sudden failure. The SEM micrographs of 
the crocked surface showed mainly dee~ 
dimples and some cleavages. All these 
observations, i.e. corrosion processes 
end phenomena are consistent with the 
hydrogen embrittlement mechanism. 

CONCLUSION 

(1) The stress corrosion cracking 
processes of the high strength 
carbon steel alloy can· be monitored 
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Fig . 7 . Corroded surface of the specimen in solution 
- High ·strength steel,stress 770 MPa . 

Fig. 8. F"f"qct..r€li surface of the High Strength Steel. 
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using the electroche~ical noise 
measurement technique under free 
corrosion potential. 

(2) The high strength carbon steel 
failed in a sudden brittle manner 
showing a mixture o f fibrous teor­
irig and cleavage at the cracked 
surface. 

(3) The results obtained for .the high 
streng th carbon steel ' s corrosion 
behaviour are shown to be 
consistent with the hydrogen 
embrittlement mechanism. 

(4) Th~ cracking of the specimen .gave 
the highest noise ainpli tudes as .• 
described and explained in the ~ 
text. The cracking failure is also 
indicated by the highest· spectr.um 
standard deviation peaks. 

(5) All the noise amplitudes generally 
increase with increasing frequency 
and the power. spectral density are 
inversely proportional to some 
power of the freq uency thus 
indicating '1/f' or 'flicker' noise. 

( 6) Plastic replication monitoring of 
the specimen's surface can help in 
the elucidation of the mechanism 
for the stress corrosion cracking . 
of alloys, 
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