T X EER-SCC Fd o AL i X 28 & + o i 2019

© 1982 1ISIJ Illll-lzllnlllllllllllllunn
T X FWA-SCC 4L AE #:ick aHH & X
Z DA
Bl e A B - AR HEA

Detection and Analysis of Crevice Corrosion-SCC Process
by the Use of AE Technique

Shigenori YUYAMA, Teruo Kisui, and Yoshikiro HisamMATSU

Synopsis:

Crevice corrosion and crevice corrosion—SCG processes of SUS 304 stainless steel have been detected
and analyzed in a 3% NaCl solution at 308 K by the use of AE (Acoustic Emission) technique. The AE
detected during the crevice corrosion induced by the polarization scan is shown to arise from hydrogen
gas which is evolved inside the artificial crevice. The hydrogen gas evolution is thought to occur when
the pH value of the solution contained in the crevice becomes sufficiently low and the potential falls below
E°(H,). It can provide AE, amplitude of which may reach some hundreds zV, measured by the piezo—
electric AE sensor that has the maximum sensitivity “~6 000 V/(m/s)”’. The SCC test using DGB speci—
men with the artificial crevice shows, on the other hand, that AE with higher energy than ~mV level is
accompanied with the SCC microcrack initiation which takes place successively after the crevice corro-
sion. The following three facts suggest that hydrogen embrittlement may be involved in this SCC pro—
cess ; 1) H, gas evolves inside the crevice during the crevice corrosion process, 2) IHigh energy emissions
are emanated with the SGG microcrack initiation under plane strain condition, 3) Dissolution of metal
does not provide sufficiently high AE energy to detect : Practical methods to apply AE technique to fun—
damental studies in laboratory and continuous monitoring in engineering structures are also discussed in

detail.
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Table 1. Chemical composition (wt%) of SUS
304 stainless steel used for H, gas evolution test.

SUS 304 chemical composition (%)
c Si Mn P S Ni Cr
0. 06

0,38 0.45 0. 040 0. 024 8.7 18.5

Table 2. Chemical composition (wt%) of SUS
304 stainless steel used for crevice corrosion and
SCC tests.

SUS 304 chemical composition (%)
¢ Si Mn P 3 Ni Cr
0. 045

0.60 1.15 0,033 0. 005 9.8 18.7

AE  Breakdown of

thick oxide film

AE  Dissolution of Metal

_» AE SCC Crack Propagation

*AE Plastic Deformaton
Slip Deformation
Twin Deformation
Martensitic Transformation

Schematic AE sources during corrosion and stress corrosion cracking.
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Fig. 2. Artificial crevice specimen used for crevice
corrosion test by polarization scan. (B : Thick-
ness)
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Fig. 4. Corrosion cell with lattice to exclude the
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plate.
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Block diagram of I, gas evolution and
crevice corrosion tests.

WHHT 5 2 LA TH S, AL 72 ARG 0 &
1%, PEFNEPIELo Lch AE g & NF 8o 12 ch
WEAERTHS. Fig. b o7 ey 7HERT IO,
200 kHz 45T AE 4 v — (PRSI X ) iR
KRELA 6.0x 108V /(m/s), BmTEMRIE CRAC
P32) CHH L AE 13, 100~400kHz i3 v Fo3 2
T4 VR =, SV - 24 vT v @ 80dB i
lBEhs., Z0ES% Dead Time 3 (Dead Time:
Ims) X hHEAHEL, FLRY, FRBLAEL, R
e 12ch gmnPiee < AE IRIES % ke AR = x
AF— (RAIERED 2 ELER) OMN&ToK. Tt
B AEZHAIL XME Vin & LTHRESHESTEYZEL,
S/N H2MIIE2 L7505 X 51 15~20 pV w8 AE,
SCC gL, 2@ 200 kHz IR A A
AE & v =2 (HESHRERIE & ) RREER 6.5
x103V/(m/s)) H Bt v —ik, BEEEDIE
=K o RBIECHEEL, AFPEEEY MY, FeR
—&ME T AEFHU T2 5 & O KB Lie s bR I
#E Ll wvy—THH LA AE 513, Fig. 6 ©
ey, PRERT ARG v A 7 A (IBFIEMIE N.A.
I.S.p v —X) iwdp 100~500kHz [z~ v Fo8 X7
G VE—FDF, TV A A T v SR U 80dB R

/ Corrosion Cel
AE Sensor

oW
Strain
Amp

EESRERFEEEFA Uy — vEEEY AV, &
45 AE oF#E%A 3000m-s-t LRFEL, 6.7 us O
Fze%F2 AE 2 & b2 f7o7eny, ZhkEZek i
20mm OIETAE U AE ZEHILI-Z Liis, oo
FEEResZ by, FHERHCHREL AED
ZEHHL, BRI ED AT HBRNMS, T X0k
BOBERTHRET LRI ER X5 REME Y RET S
CENTRETHS. AE FHRILE W {H Vi 13, Wk
ERKE S/N a2 47c% X5, 206V T h 5.
Photo. 1 iz, & 5 LC{7o7 SCCRBLE O LT~
7.

3. RRIERLER

31 XFRTICKDAE

Fig. 7 (3B S 7 B BT A% 298K, 0.5kmol
/m3H,80,+40.5 kmol/m?® NaCl rrcREIRREL X » B
FOBITTEC 3% 108s- V-1 OB TG 5 LIk
DN L, AE HER L ORYIRT. O b,

A T 4 w:‘_‘n*n

Photo. 1. Test setup for SCC test : (a) Speamen H
(b) Corrosion resistant AE sensor ; (¢) Small cell
with lattice to exclude the environmental noises
from air bubbling ; (d) Water jacket.
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Fig. 6. Block diagram of SCC test.
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Fig. 7. Relationship between the polarization 10 - 100

curve of SUS 304 stainless steel in a 298 K, 0.5
kmol/m? H.SO,-0.5 kmol/m?® NaCl solution and
AE count rate. AE is detected only when the
reductive breakdown of passive film occurs and H,
gas evolves on the specimen surface.
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Fig. 10. AE cumulative event counts during crev—
ice corrosion process. It is believed that the pH
value of the solution contained in the crevice be—
comes sufficiently low and the potential falls below
E°(H,), then H, gas begins to evolve and produce
AE inside the crevice at~3.9 ks,
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Fig. 11. AE cumulative event counts and energy

during the SCC test using DCB type SCC specimen

with artificial crevice. After inducing crevice cor—

rosion by the polarization scan, corrosion potential

(E¢orr) of the specimen is measured.
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Fig. 12. AE amplitude distribution obtained dur—
ing the SCC test indicated in Fig, 11. There are
some high amplitude emissions (~mV) observed.
As compared to this, the AE energy level from
H, gas evolution is very small.
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Fig. 13. Result of source location during the SCC test indicated in Fig. 11. A large quantity
of AE energy is found in the middle of the measured zone, namely, at the crack tip. This leads us
to conclude that the high amplitude AE in Fig. 12 caused the sudden increment of the AE
energy at 35 ks in Fig. 11 and the SCC microcrack initiated at this time.
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Fig. 14. AE cumulative event counts and energy
during the SCC test under different four mech—
anical conditions.
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Fig. 15. AE amplitude distribution obtained dur—
ing the SCQ test indicated in Fig. 14. High en-
ergy emissions (~mV) are emanated if the stress
is concentrated at the crack tip. This result shows
that the SCC may initiate at rather low stress in—
tensity factor level, K;=1.55 MPa-m!/?, which
seems to be lower than Kjgoe obtained nowadays
for chloride SCC of austenitic stainless stecls.
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Photo. 2. SEM observation of SCC microcrack
at the bottom of the artificial crevice introduced
by spark machining ; E=— 0.2V, K;=4.65 MPa.
ml/2, after the test period of 54 ks.
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Fig. 16. Possible AE sources during corrosion and
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levels drawn on the amplitude distribution ; after
the authors’ results and the literature (4), (11),
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