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Abstract Recently, some researchers reported that inter-granular stress corrosion
cracking (IGSCC)occurs in cold-worked (CW) thermal-treated (TT) alloy 690 in simulated PWR
primary water. However, there are not enough systematic experimental SCC studies which have
clarified the environmental and material factors that influence IGSCC. The principal purpose
of this research is to investigate IGSCC growth behavior of CW alloy 690 in simulated PWR
primary water, and to clarify the environmental and material factors that affect SCC such as
temperature, dissolved hydrogen in water, cold-working, and carbide and chemical composition
at grain boundary. The crack growth rate of the CW alloy 690 with TT and solution-treated was
measured in simulated PWR primary water, which contained 500 ppm B, 2 ppm Li, and dissolved
hydrogen (DH) (0, 15, 30, and 45 cc STP H,/kg H,0)in the temperature range between 320C
and 360C. Regarding the mechanism of IGSCC of CW materials in high-temperature water, the
mechanism can explain the formation of cavities before crack initiation and growth, as reported
in the case of CW carbon steel. So, the IGSCC mechanism (s)of alloy 690 was considered from
the viewpoint of the cavity formation process and grain boundary oxidation and/or dissolution.
As a result, significant IGSCC growth was observed for 20%CW TT 690 in hydrogenated PWR
primary water under static constant load conditions, although the measured IGSCC growth
rate was around ten times slower than that of 20%CW MA 600. Temperature dependence of
IGSCC growth rate of 20%CW TT 690 had a peak around 340C, in other words the temperature
dependence on the IGSCC growth rate was not simple 1/T dependence. No big dependence of
dissolved hydrogen on IGSCC growth rate was observed in the concentration range from 0 to 45
cc STP H, kg/H,0 at temperatures from 340C to 360C. Ten times slower growth rate of IGSCC
was seen for the 20%CW solution-treated 690 in PWR primary water than that of the 20%CW
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TT 690 which had more grain boundary carbide precipitated. Cavities were observed in inter-
granular locations on the periphery of the tips of both IGSCC and creep cracks of 20%CW TT
690. And the creep crack growth was strongly affected by the cavity formation mechanism. The
SCC growth was also affected by cavity formation, and based on the crack tip analysis results,
grain boundary oxidation and/or dissolution may additionally affect IGSCC.

Keywords

Cold-worked, alloy 690, crack growth rate, stress corrosion cracking in high-temperature water,

temperature dependence, heat-treatment, dissolved hydrogen dependence, cavity formation

mechanism, crack tip analysis

1. EC®IC

19894F DLFE, ImEARBE 747 (PWR) Tl 3
V7 = — VEALE % fiE L 72 (mill anneal, MA)
60074 (MA600E4) 12U BitIe g &
(stress corrosion cracking, SCC) ##& L THisk
AL (thermally treated, TT) % fii L 726904
& (TT60GE4) PRHSIND L HITho7. L
2L, 20074F EH 20 5, 6906 4 & v v o B
(CW) ZmziuE, PWREBICTSCCHEEZRT
Y 7% Andresen b V@ Paraventi & Moshier
® " Toloczko & Bruemmer ®, Alexandreanu & ©
ZLTCAricka b 7" 2 o#E SR TVE. Thb
DSCCHEREMIEIZ, WZEMBICL > TRELNT
DVWTHEY, ZOFERETIZOWT Andresen 5 °
GOE, Ay BN T LR R R 2 ALK (Vb
5% banding structure) #%, K& GhEERIZL S
EHELTWA. LaL, 20X 245k 7% ot
M2 FE7297 L HE MM I TT690 11X SCCHEE Z2 /R
Enn, WAFHETDE0EED SCC:‘@E?‘“— 4
DRSO 0H B VY A BB T IZOW
T ORI W FRBNEA %\,

E A O SCCIZHWT, Wi T3 60044 17
W 7L 19 goprgEm B 2 Ly
SCCHEREZMMAT L ERMEINTEY, £<
D SCCHRBEEPGEE O X ) RO T A% 21
T THRETHIER2ERDE, MLOTAEE
JE LB ETH L. MAG00E 4D SCC Dim
FEARAEPEIZ D W T, 290C ~3607C il FE #i P C
ﬁ%&UTﬂﬂﬁF%Tﬁ%??&éﬂfmé.%
D7D, 690 B AT B VT Ei CTOMmEEN R % &
lbmwm&a®mm1®ﬁ%ﬁ%wﬁ,%m&
I AR DR XA v, BAAAKE (dissolved
hydrogen, DH) KAFHEIZDWTH, MA600 A 4
R600RDBEREI/RTH 5182, BHELEITBNV
T, Ni/NiO V- i 47 K 32 i B2 3L £ TSCCHE )& @

WRZRL, ZOWMoOKDHR & DH#IRIZHE W
TIZSCCHEE DN SN B & DG D 5 Hs 19
BV 6904 4D DHARAFEIZ 600 54 & 13 R4 5 &
0)%’(%%)25)7@) (11>‘<12>'

oSS, AfETREHROAE O %
W, 20% G T % 2 72 TT690 & 4 % v,
SCCHER MEEIC RITTREEN 1 & LT, mERSE
%, DHAKAFEIZOWTIHR. T2, MEHRT-&
LT, B BB BWTHHEEZE 2 72
690 A EX HEL, KARIYB X ORFHE D
BIZOWTHRE L7,

im K O SCCHERBERE IO WTIX, A 51
E-C S RIN T2  2 72 EFEMIT BT, sk
DSCCHEEB IV V) —TI2F ¥ ET 1 4K
DR G L TWAZ EZHME LTS, F2
T, 690440 SCCHEBERMEZ M T 572012, &
WMTH7) —7TEEREHLEDO, ¥y T4
R OB TR ZFE L7z, HHET, SCC
ST 2 I L, &S OB TSCCH%
W ORET &2 FEhit L 72

2. EBRAE
2.1 4

A IZ690 54T, T ARBEM (TTIL) BIWY
FERERA (TT2) O2MEEZHE L. hbo
MEOILFHEZ K 1 ITRT. T o OB S
X, 1,075C x 3050w L Oki) Pk, 700C
X 15h O TTH (72¥5) & L7z BB EA0E
BEWRET A0, IRBEMIZOVWTIE, 3
FEDEH LA O BARMEALHLAS (solution treatment,
ST) dHE L. BHRMLIREEIX1,075C, e
BRI LH720, 228, KGETEELL. wH
FHihbGHEEO B2 K2R, 72, K
D72%930C x 1h KF) DMA600 A EIZDWT



INSS JOURNAL Vol. 21 2014 NT-7

135
#1 MO (wi%)
C S Mn P S Cr Fe Cu Ni
690 (TTLST) 0.021 0.33 0.34 0.011 0.002 30.28 942 0.04 59.12
690 (TT2) 0.022 0.32 0.32 0.010 0.00016 28.86 8.86 0.06 61.05
MA600 0.060 0.33 0.33 0.006 < 0.001 16.02 6.94 0.03 76.26
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