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Lead-induced stress corrosion behavior of Alloy 690
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ABSTRACT Reverse U type specimens of Alloy 690 were put in an autoclave to conduct the stress corrosion test for
4400 h. The stress corrosion behavior of the alloy in a high-temperature and high-pressure water solution containing Pb
was studied by scanning electron microscopy (SEM) and energy dispersive spectrometry (EDS). The results show that
transgranular stress corrosion cracking occurs in the alloy. Corrosion products with Pb can be found to accumulate in the
crack. EDS face scanning of the crack zone indicates that the corrosion film formed in the test solution is a double-layer
structure, the outer layer is rich in Ni and the inner layer is rich in Cr. The difference of expansion coefficients between
corrosion products in the crack and the matrix causes a faster crack propagation. Due to different surface treatments, the
inner surface and outer surface of the specimens have different corrosion morphologies, the inner surface is lattice-like,

but the outer surface shows a certain direction groove.
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Table 1 Chemical composition of Alloy 690 %

Ni Cr Fe C Si  Mn P S N

58.64 30.47 9.97 0.020 0.21 0.14 0.007 0.001 0.027
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Fig.1 Micrographs of Alloy 690 specimens: (a) before bending; (b) after bending
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Fig.2 Cross-section image (a) and transgranular stress corrosion cracking (b) of Alloy 690 after stress corrosion in the high-

temperature and high-pressure water solution with Pb
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Fig.3 Transgranular stress corrosion cracking (a) and EDS spectrum of corrosion products (b) in the crack of Alloy 690 after

stress corrosion in the high-temperature and high-pressure water solution with Pb
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Fig.4 Stress corrosion cracking (a) and EDS face scanning of Cr (b), Fe (¢), Ni (d), O (e) and Pb (f) in the crack zone of Alloy

690 after stress corrosion in the high-temperature and high-pressure water solution with Pb
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Fig.5 Inner-surface corrosion images of Alloy 690 after stress corrosion in high-temperature and high-pressure water solution
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Fig.6 Outer-surface corrosion image of Alloy 690 after stress corrosion in the high-temperature and high-pressure water solution

with Pb: (a) low magnification; (b) high magnification
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Fig.7 Surface corrosion image (a) and EDS spectrum of corrosion products (b) of Alloy 690 after stress corrosion in the high-
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temperature and high-pressure water solution with Pb

Pb Z BT LA 690 4 4x I BTN g i il e = AR 3PbO + 2Cr — Cry05 + 3Pb, (3)
i e RN S AW 1 i 0G Ak —25. 215 @
eron Al Lambert [IMITLEA 690 T3z WHEACEM o0 1 gamol=1, WTLLE # PHO 5 Cr [ & MR %

AT IR SIS, P B T LR B AR 2 A, LR
PbO + Ni — NiO + Pb, (1) B Pb BT EIPALAAE BHIEX 5N PO S5,

T PbO &5 MK Pb H, H Pb ASGEH #i 4A
4PbO + 3Fe — Fe30,4 + 4Pb, (2)  MHHBELRFIEABRBREE S, Pb kA4



% 8 H

X XEE. 690 SE£ R Pb BN HEHMITAH

- 1039 -

)2 ox s i HL S 2R 38 0, 2 R A A I 1 R A
P, DT ASE A5 T ol dekt 2% 14

690 & 41 Pb BN ) S B AL 2 A i AS B
A CHRIRIE 690 & 41 Pb BNy JE LR, Ak
F NIy T B AR R B TE R AT 1617 H X
BLCIEX A Pb FJE Pb MBS AN 7 8 i34 4L
e BIAR. L 690 & &6 Pb &l m KK
355 TS e A B ) 2 T RN AR THT TR B4 BT, IR Pb
A A () ) ok A RS O ELAE JE kg P I R A
Pb MIAF{E. Pb 2228wy rh, 33U ™=
PIISIR S 2R 1S OK, ORA RS 2, S kR I B A
(10 97 95 4b T LU R RS S T A IR LU 1%
PLUG, Pb ¥ BRI LAl , JEmh gk 82 0E 1T, REL
WHERR G vl ), Rl ) 5 R AR I I K R
SRR, AP, WK B & B L Pb
(A7 17E 5 258 690 B 2 J6 1 I 6 18 0 A mT BE A2 TE B
i 280 Y. J65 i 2R L (1) 7 R

3 g

(1) 690 44+ 1000 mg-L~1 Pb (1) il = i
IR 2 [T 4400 D (1) 5256 23 R AR B g J ik g 2
WG, N R GRI N o i B, RSN JiE Tl
Y P AEAE.

(2) RIERE M= IEA JZE Crs SN EE
Ni, 3 HIE = W AEA Ph, N 8 h 4 80Py 3 HE
PG — i 508 1) 65 ol = 1) P A 3R T 65 ok = 40 (1
Az RN B4 GO B 3k i v 33 T 1R A .

(3) 690 5 <58 IR A A 3 1T B et T 30 2 e W)
F B TN AP T RPIR AR AN [ R ).

(4) Pb MA74E T30 690 £ 4 1A il g e,
I HABAAE R =P, 3K 25 A4 Bl A0 I 1) DR A
PEAR 22, RGPl ) 5 B AR K 2R ) 22 AT
19 RGP i T3 BUN. ) 8 iR SO .

2% xuk

[1] Was G S. Grain boundary chemistry and intergranular
fracture in austenitic nickel base alloys: a review. Corro-
ston, 1990, 46(4): 319

[2] Angeliu T M, Was G S. Behavior of grain boundary chem-
istry and precipitates upon thermal treatment of con-
trolled purity Alloy 690. Metall Trans A, 1990, 21 (8):
2097

3] Kim U C, Kim K M, Lee E H. Effects of chemical com-
pounds on the stress corrosion cracking of steam generator

tubing materials in a caustic solution. J Nucl Mater, 2005,

(4]

(5]

[6]

[7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

341(2/3):169

Peng B, Lu B T, Luo J L, et al. Investigation of passive
films on nickel Alloy 690 in lead-containing environments.
J Nucl Mater, 2008, 378(3): 333

Hu Y S, Wang J Q, Ke W, et al. Corrosion behavior of
Alloy 690TT in high temperature lead-containing caustic
solution. J Chin Soci Corros Prot, 2010, 30(6): 427
(WK, EARK, FIAE, 5. 690TT A 4 7E i i & # ik o
1) JE5 AT . o I il 5 B 0 2 4, 2010, 30(6): 427)
Hua F H, Huang C B, Lu Z P, et al. Lead-induced stress
corrosion cracking of alloys 800, 600 and 690. Corros Prot,
2001, 22 (11): 483

(fEHh A, B, 55, 800, 600 Fl 690 & 4 MIHTEL
IV 7 5 b 2. Rl B 4 2001, 22(11): 483)

Staehle R W. Clues and issues in the SCC of high nickel
alloys associated with dissolved lead // Proceeding of the
12th International Conference on Environmental Degra-
dation of Materials in Nuclear Power System-Water Re-
actors. Salt Lake City, 2005: 1163

Kim J S, YiY S, Kwon O C, et al. Performance of NiB
inhibitor for PbSCC of Alloy 600 in Pb-contaminated wa-
ter and caustic solutions. Metal Mater Int, 2008, 14(3):
341

Huang S S, Kim H P, Lim Y S, et al. Transgranular SCC
mechanism of thermally treated Alloy 600 in alkaline wa-
ter containing lead. Corros Sci, 2007, 49(10): 3797

Kim S W, Kim H P. Electrochemical noise analysis of Pb-
SCC of Alloy 600 SG tube in caustic environments at high
temperature. Corros Sci, 2009, 51(1): 191

Huang J B, Wu X Q, Han E H. Electrochemical proper-
ties and growth mechanism of passive films on Alloy 690
in high-temperature alkaline environments. Corros Sci,
2010,52(10): 3444

Dan T, Shoji T, Lu Z P, et al. Effects of hydrogen on the
anodic behavior of Alloy 690 at 60 C. Corros Sci, 2010,
52(4): 1228

Jiao SY, Zhang M C, Zheng L, et al. Investigation of car-
bide precipitation process and chromium depletion during
thermal treatment of Alloy 690. Metall Mater Trans A,
2010, 41(1): 26

Sun M C, Wu X Q, Zhang Z E, et al. Analyses of oxide
films grown on Alloy 625 in oxidizing supercritical water.
J Surpercrit Fluid, 2008, 47(2): 309

Ahn S J, Rao V S, Kon H S, et al. Effects of PbO on
the repassivation kinetics of Alloy 690. Corros Sci, 2006,
48(5): 1137

Lu B T, Luo J L, Lu Y C. Correlation between film rup-
ture ductility and PbSCC of Alloy 800. Electrochim Acta,
2008, 53(12): 4122

Kim D J, Kwon H C, Kim H W, et al. Oxide properties
and stress corrosion cracking behaviour for Alloy 600 in
leaded caustic solutions at high temperature. Corros Sci,
2011, 53(4): 1247



