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Measurements of electrochemical noise during stress corrosion of
type 403 stainless steel

Jong Jip Kim

Korea Research Institute of Standards and Science
P.O. Box 102, Yusong, Taefon, 305-600, Korea

Electrochemical noise was measured during slow strain rate tests in chloride containing
solutions for type 403 stainless steel tempered at 390, 520 and 610 ‘C for 2 hrs. Test solutions
include 3.5% NaCl, acidified 3.5% NaCl and 3.5% NaCl + 1x10* M Na;S:0s. Electrochemical
noise associated with microcrack initiation and propagation was observed only for the specimen
showing temper embrittlement in 3.5% NaCl solution. On the other hand, macrocrack initiation
and growth were detected for specimens tested in 35% NaCl + 1x10? M Na»S:0s solutions.
EN data obtained for the tests in acidified 3.5% NaCl, however, comprised those indicative of
film growth and hydrogen bubble evolution with no characteristic noise from crack initiation
and growth. Of the parameters evaluated, standard deviation, impedance and admittance were
found to be appropriate for detecting crack initiation and growth.

Keywords : electrochemical noise, slow strain rate test, crack initiation and growth, anodic

dissolution, hydrogen embrittlement.
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Fig. 1. Experimental setup for EN measurement and
S.S.R.T.
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Table 1. Mechanical properties of AISI 403 stainless steel
CVN

empoto| Hardoess| impact | (0%, | Tenele
() (ljgfr_g;) (MPa) | (MPa)
390 39.7 91 1009 1264
520 40.4 24 909 1317
610 235 34 745 870

Table 2. SCC test results of type 403 stainless stee!

Tempering 359 35% | 35% NaCl+

temperature| Air Nacal Nacl 1x10™*M
(C) (acid.) NazS203
390 1 0964 | 0417 0.985
520 1 0.215 | 0.248 0.217
610 1 0976 | 0.684 0.683
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Fig. 2. Potential and current fluctuations recorded during
S$.S.RT. in 3.5% NaCl solution for the specimens tem-
pered at 390 ‘C.
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Fig. 3. Typical potential and current transients observed
during S.S.R.T. in 3.5% NaCl solution for the specimens
tempered at 390 C.
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Fig. 4. Potential and current fluctuations recorded during
SS.RT. in 35% NaCl solution for the specimens
tempered at 520 C.
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Fig. 5. Typical potential and current transients related o
the pit formation during S.S.R.T. in 3.5% NaCl solution
for the specimens tempered at 520 C.
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Fig. 6. Typical potential and current transients related to
the micro-crack initiaion during S.S.R.T. in 3.5% NaCl
solution for the specimens tempered at 520 °C.
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Fig. 7. MEM curent spectra of stable pitting(a) and
micro-crack initiation(b) during S.S.R.T. in 3.5% NaCl
solution for the specimens tempered at 520 C.
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Fig. 8. Potential and cument fluctuations recorded during
S.8.RT. in 3.5% NaCl(acidified) solution for the speci-

mens tempered at 610 °C.
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Fig. 9. Typical potential and cument transients observed
during S.S.R.T. in 3.5% NaCKacidified) solution for the
specimens tempered at 390 C: (a) positive going E/
positive going 1 transients, {b) positive going E/negative
going | transients.
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Fig. 10. Potential and current fluctuations recorded during

S.S.RT. in 35% NaCl + 1x10* M NaxS:0; solution for
the specimens tempered at 610 °C.
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Fig. 11. Standard deviation vs time plot obtained during
SS8.RT. in 3.5% NaCl solution for the specimens
tempered at 520 C.
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Fig. 12. Typical impedance/admittance vs time plot
obtained during S.8.R.T. in 3.5% NaCl solution containing
sodium thiosulfate.
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