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Alloy 600 (Ni 75 wt%, Cr 15 wt%, Fe 10 wt%) as a heat exchanger tube of the steam generator (SG) in nuclear
power plants (NPP) has been degraded by various corrosion mechanism during the long-term operation. Especially
lead (Pb) is known to be one of the most deleterious species in the secondary system causing outer diameter
stress corrosion cracking (ODSCC). Oxide formation and breakdown is requisite for SCC initiation and propagation.
Therefore it is expected that a property change of the oxide formed on SG tubing materials by lead addition
into a solution is closely related to PbSCC. In the present work, the SCC susceptibility was assessed by using
a slow strain rate test (SSRT) in caustic solutions with and without lead for Alloy 600 and Alloy 690 (Ni 60
wt%, Cr 30 wt%, Fe 10 wt%) used as an alternative of Alloy 600 because of outstanding superiority to SCC.
The results were discussed in view of the oxide property formed on Alloy 600 and Alloy 690. The oxides formed
on Alloy 600 and Alloy 690 in aqueous solutions with and without lead were examined by using a transmission
electron microscopy (TEM), equipped with an energy dispersive x-ray spectroscopy (EDXS).
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OUTER DIAMETER STRESS CORROSION CRACKING SUSCEPTIBILITY OF STEAM GENERATOR TUBING MATERIALS
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Fig. 1. Stress-strain curves obtained from SSRT test for (a) Alloy

600 and (b) Alloy 690 in 0.1M NaOH with/without 10000 ppm
PbO at 315C.
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Fig. 2. Side view of gauge section after SSRT test for (a) Alloy
600 and (b) Alloy 690 in 0.1M NaOH with/without 10000 ppm
PbO at 3157C.
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Fig. 3. TEM micrographs for Alloy 600 in 0.1M NaOH (a) without
and (b) with 10000 ppm PbO at 315T.
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Fig. 4. Chemical compositions of the oxide on Alloy 600 in
0.1M NaOH (a) without and (b) with 10000 ppm PbO at 315C.
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Fig. 5. TEM micrographs for Alloy 690 in 0.1M NaOH (a) without
and (b) with 10000 ppm PbO at 315C.

Abshal Yol A oF 35 wt% 714 gol thek wAE | 95
YA o] wd Abstuhe Alekx| 1, YA Aol At
I Y 9 Aol e XUt Akl A2y x| ok
o} 23y gol ¢l wix g Atstehg 259 w50t A4
oka1, Ao wet BAxprt A Alloy 60000 B8 &2
slefo] ol AT FA %= Ak (Cr 5% 30 wt% ©]4h)
o] ZA=o] Stk =, el olal g/dAd Akstake] 4 (9]
T yAiksie Uiy 354ks1eh) -2 o A5t Alloy 600
of H]3l] Alloy 690914 Z&4] F57t i ez =& At
sluto] oz AL o]t B2 AF FE AMslue] &
A7} PbSCCeol| 973t AgHAdof] 7]oJ5h= Z oz shdwt)
o]Z4, Alloy 690¢] Alloy 600 Xt} 0.1 M NaOH £-9¢]
A st d f7] e APES e Fe

Fol Shke WAl ) EAshs S AREUUL ©

£

%
to
re

4
30
=

BN
et

QAo U, A G- A AR ) 2F
ABEe) $55 FAEA wjEe] AFo] FHALE o) §

QE]_.%,IO)
Fig. 7 Alloy 690 o3l 315 C2] 2.5 M NaOH &4
o & 10000 ppm 7ol we} SSRT 18-S T3 o

121



DONG-JIN KIM, HYUN WOOK KIM, AND HONG PYO KIM

100 — — — —

—-—Oxygen
) —o— Cation Cr
80 |- »  Inner —o— Cation Fe

oxide —a—Cation Ni | |
O'O
\ ARNABADD A DL

-0.5-00-0-0-0-0-0-0-0

60

40 |

Composition / %

b-Y0-00000000g
S ———

0-50-00 LO0o00gD
3DDDDD

s 1 s 1 s 1 s 1 s 1 s
-0.1 0.0 0.1 0.2 0.3 0.4 0.5

Distance / um

(@)

100 |- —+—Oxygen |1
—Oo— Cation Cr ||
—o— Cation Fe
80 - —a— Cation Ni |
Cation Pb |

i
\
A, ADDLDAND

o
o
T

Composition / %
N
o
T

j°N
/ 0-0-0-0-0-0-0-
o
/ .

0-0-0-0-g-0-0:0
&

N
o
T

1 s 1 s 1 s 1 s
0.0 0.2 0.4 0.6 0.8

Distance / um

(b)
Fig. 6. Chemical compositions of the oxide on Alloy 690 in
0.IM NaOH (a) without and (b) with 10000 ppm PbO at 315C.
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690 in 2.5M NaOH with/without 10000 ppm PbO at 315C.
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Fig. 9. Chemical compositions of the oxide on Alloy 690 in
2.5M NaOH (a) without and (b) with 10000 ppm PbO at 315C.
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