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Effect of Carbon in Solution on the Stress Corrosion Cracking Behavior of
Alloy 600 in High Temperature NaOH and Primary Water
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* Dept. of Materials Science and Engineering, Andong University

The stress corrosion cracking behavior of the grain size controlled Alloy 600 containing
different carbon content was assessed using C-ring specimens in 10% NaOH at 315 C and a
slow strain rate testing technique in primary water at 360°C. Crack initiation and growth rate
were not influenced with carbon content in the caustic solution, which was probably supported
by the results of the anodic dissolution rates and repassivation kinetics measurements. Time to
failure and maximum load of Alloy 600 containing 0.04% carbon during SSRT in the primary
environment were increased by about 2 times respectively than those of low carbon (0.01%)

material.
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Table 1. Chemical compositions of Alloy 600 tube materials

C|C|Fe|NifS {MafCul| Ti S

001% C Alloy 600 [0.01 154 80 [bal| 01 [ 03 ] 02 | 018 {<0001

0.04% C Alloy 600 (0.04 | 158 [ 803 | bal| 0.28 [ 0.2 [ 0.12 [ N.A*, | <0001

* N.A. : not analysed
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Fig. 1. Stress strain curves in air at room temperature.
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Fig. 2. Dimension of SSRT specimen.
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Fig. 3. Dimension of hump press die.
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Fig. 4. Schematic of loop system for SSRT under sim- ulated primary water condition.
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Fig. 6. Grain size distribution measured by an image
analyzer.
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Fig. 8. Repassivation behavior measured by a potential
pulse from -1,000 mVy to +200 mVy in 10% NaOH at
315C.
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Fig. 9. Evolution of maximum crack depth in 10% NaOH
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Fig. 10. Intergranular SCC of C-ring specimens exposed
for 33 days in 10% NaOH at 315C.
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Fig. 11, SEM micrographs of the fracture surface after
SSRT in primary water at 360°C.

( x1.000)



114 SR8 2] A29d A2 200013 49

o] {ARRE SCC AA 2 Ag AFE 73
L3 2 AXFH3 A5 oS F A

FH 499 MA ¥ A4S Fig. 103 7o)
g BF AFYRAE iy Fgol Anshe
A $¥B24FED (Intergranular SCC, IGSCC)
HE Jehlglo

3.4 PWSCC A8

ot @ -t

Fig. 112 A&xAage] 9§ SCC NEF A9
o Bgdg Ugd et £ AR BT IGSCC
P g Holn, AW T4 ANE BEdd FY
o] ANAYLEL ¢ 5 At HEAeAN AA e
IGSCCe WAL EE 27487 sk 20002
SEM Al 4& g oux BEA7Z 238
o} IGSCCY HAHEEL 001% < 0.04% AFA
24zt 90.7% 9 879% 2N HARIAT. S0l Fe
AA4Y Edol dlip Wrk el Qom, 58 1
B2 AR BedN FoaAA FEEA

TG A& A¥Z 2HY A5 WY
BAE Fig. 129 2ol A3 Fol& YehhArh
0.01% &x9 7% Hd Egko] 50kgel 754
Zetel mero] ok U 004%9) AS A
W 83k0) 945 kg QT HREAZHE 1394 7HS 2 A

T ¥ T T v T T

100+ [Zo—0.01%C
--w-- 0.04% C .-

80+

40}

Load (kg)

20}

1 i 1 A
00 .05 10 15 20 2.5

Displacement (mm)
Fig. 12. Load-displacement cuwrves during SSRT in
primary water at 360°C. ‘

g3 Aol o 1.9WY Frtesich of A
2 E 9 &Pl H2 A8} SCCAH W¢
AN ¢ F Ut ¥W 2 Ayl AL
hump Al¥E &8 A&EAF AIES HDAZ
AolM £10%2] w2 AEHE UG,

4 12 #

B A7 B ARl EAde &AL
SCC Aol o &g F=7kdl e o3l
drk. et SCC A F8s F& §3AE,
AEEREY A& ZAY 271 A7 V= WA
Hojolgk gtk E A¥d AMSE AMES @& old]
9 Fadd ARASY Aol A9 glen, A3
AgEIE] EAsIA) YoRZ GgiAE XF &
Az 2R =¥ 33 ZAAYE 27}
38 #pms} 46 pmEA  FAMSAT wEkA AlY AR
22X A AR} vMZAE FE Ao @
lZezl=4

ojg} o] AP AHE ol&dted 29 ¥
A 23 125 Yol FAld 8% AldAS
e A9 glerg B A7 Fe udrzt o9
o G. S. Was'™7} 140°C, 50% NaOHolM Q&
ZAF#E BY SA(Solution Anneal)$t SA+TT
(Thermal Treatment) &3 E¥ ©4 ¥/t =
7ol w2l e Aozt Frksly ik 1 99
& 27t Nig) 88§ £2357] HEolzgtx 34
ot oM FEG AL SA+TT AHF A$7L
SA =z Hgle] Fuje] FEACE HojX U
g ol 71EY TT Az adels A3 i 2
spojty, =g B A7 A o3 IRFAE
L& AFFeE o TG 5 A
9] zpol7t AL} APL-Y FEe] Aold 9
g AR = £9HR] Foh

J. K. Sung $'9& PWSCCE: s dade] )
22 Agsgoyt = g2 237N E 9A @
3HEo] APl A Hgo] PAY 238 A
7A¢ ¥oZ& Shen $%€ PWSCC Zge A
£ u}2} U)AM3 methane bubbleso]l HAAH R A
Ago 2N AAEGT F43H) o] o8] ¢
9 dAle] ¥ &2 BE A$ SCCo gy A



3129 NaOH 8 9 1345 YZ5elA 1§ @27t Alloy 6008) SHENFH AT vAe 9% 115

o2 daEd I3u B d7y o d7AES
AH V= A g

dAo A&y AgEstEe] 92 JAFHA &
w3l #etE EHo g Jg 4 Ag Aotk 7AH
Qe YA AEEIE] i) AAH(dislocation
source) .2 F&dld g Mg FuA g
N 7Y AAETE AFAAALY i) YA sliding
& dAggE ALY So] sigach %34 e
22 )oY Ade #3E L8 o7 YA
e YA ji)HHEHE AFUHE £02 YA
2¢ 247t AARS WAV i) AEGHE
3 71 ArSEH B4 oo A Ao
At AFEFEL] HEF 982 A v gl
U AgeezAe AL 737t Bk 459 QA
LLE A= P ) e

PA =& duld =AsE 2EELRe 98
dA A2eEN B2 R A5
4 o]t} Hed upel Zo] UAl AEEHES 4
22 71X A =& YA @2 F FAE S0k
7] gEolct 4% ©As F&FPo] WEFE 2
#AFel AR st PWSCCo thdk Aol
ALY LA 2§ B4 ANUAE F7t
oz 2¥g u ok aAT ol A 2 9
U 74e4e AAE Fdde dAEE ¥4
of 9J&te $HRAFE AP o) FrtEE YA
Bedn oM 38eir B3 Cr0; 99
F4e APt BI7g Feisd A @sE

gHog AN 2iexr 3T AIHER
34 ¥ dA4e FAANA APl F7ET

Agx 7bssid. a8y 38847t B3A
Cr:0s ¥ AAL dAgTE Bays ZE48s
7} PWSCCHl di®t AgAdS ARt A4
43 Bedn B A¥dsds 18k A8 A
g2 AR89 IGSCC &€& ZAY 53 nd
AzZko] o 2M)E AA Jehd HL IBEAVL §
Sd Hgo) JgL FAU BoEs 22 ¥MY 5
Aol B & 42 FUALSS AR B3I, 1@
A ARY A FoHAA @ JAE A
9] slip W YAF FHAA FEAA Had
w3y FAAo] Auyoz ofeS I} F
A7t 8 F A& Rtk

ol L

SCC AT F-&d ¥9e] 54 € FFu3 &
ok 3A dadn b Leed R 94 @
3t Z7te] 98-S SYHoE HIE] fAMAE
H7178 #9714 Zo] 135 YhFodME ¥
o me 54 2 A7y 542 FHsA
SCC AFH #dAL + Ue v/t F7HHez
g gl it

5.4 &

Alloy 600 A& Y&&L7t SHENEE AT

o WXE E3E ¥ile AP dold ARE T

3} 7t

1) Z&g2%o] 001%°14 0.04%E F718 3
$ 315C9 10% NaOH F&9dA S3R474
o AN R AREEd A9 JdFE FA gAdth
olE ¥ ARNAM FHE FA ¥FEIAF R
ARFe £xo FHo2 dWE 4 Uk

2) 360C9 1343% FA2ZA 004% C AE=
0.01% C Mgl vlgte] o 269 s5auxt S8F
Ao Az B o] ZAset §7 Hdwe ¢
ARgolA FFAHE SHuE T &L JFo|
IT2Eyo A et #H] USE AT

* 7

g d7E Aplevad Fass 94597
AgAgos +98 RVt

References

1. J. M. Sarver, J. R. Crum, W. L. Mankins,
Corrosion, 44, 288 (1988).

2. R. C. Scarberry, S. C. Pearman, and J. R,
Crum, Corrosion, 32, 401 (1976).

3. R. Bandy and D. Van Rooyen, Corrosion, 40,
425 (1984).

. J. R. Crum, Corrosion, 38, 40 (1982).

. G. P. Airey Corrosion, 36, 9 (1980).

6. K. Norring, J. Engstrom, and P. Norberg,
Proceedings of the 2nd Int.

O e

Symp.



116

S22 AJ29W A2 2000 49

Environmental Degradation of Materials in
Nuclear Power System-Water Reactors, The
Metallurgical Society, p. 587 (1988).

G. P. Airey, Corrosion, 35, 129 (1979).

8. J. R. Crum, Corrosion, 42, 368 (1986).
9. T. M. Angeliu and P. L. Andresen, Corrosion,

10.

11.

12,

13.

14.

15.

16

52, 28 (1996).

T. M. Angeliu, P. L. Andresen, and M. L.
Pollick, Corrosion, 53, 114 (1997).

N. Totsuka, E. Lunarska, G. Cragnolino and
Z. Szklarska-Smialowska, Corrosion, 43, 505
(1987).

D. H. Hur, K. M. Kim, J. S. Kim, and Y. S.
Park J. Corro. Sci. Soc. of Korea, 27, 32
(1998).

D. H. Hur, U. C. Kim, U. C. Lee, and Y. S.
Park J. Corro. Sci. Soc. of Korea, 27, 43
(1998).

J. R. Cels, J. Electrochem. Soc, 123, 1152
(1976).

G. S. Was,
Fundamental Aspects of Stress Corrosion
Cracking, TMS, p. 371 (1992).

. J. K. Sung and G. S. Was, Corrosion, 47,

Proc. Parkins Symp. on

18.

19.

20.
21.

22.

824 (1991).

.J. K Sung, J. W. Jones, and G. S. Was,

Metall. Trans, 23A, 1033 (1992).

Y. Shen and P. G. Shewmon, Metall. Trans,
22A, 1857 (1991).

T. M Angeliu, J. K. Sung and G. S, Was,
Proceedings of the 5th Int. Symp. Envi-
ronmental Degradation of Materials in Nu-
clear Power System-Water Reactors, Ameri-
can Nuclear Society, p. 475 (1992).

S. M. Bluemmer, Corrosion, 44, 782 (1988).
G. J. Theus,
Corrosion Cracking of Alloy 600 and Alloy
690 in All Volatile Treated Water at
Elevated Temperatures, EPRI NP-3061, p.
3-18 (1983).

K. Yamanaka, Proceedings of the 6th Int.
Symp. Environmental Degradation of Ma-

R. H. Emanuelson, Stress

terials in Nuclear Power System-Water
Reactors, The Minerals, Metals & Materials

. Society, p. 105 (1994).

23.

R.B. Rebak, Z. Xia, and Z. Szklarska-
Smialowska, Corrosion, 49, 867 (1993



	ff: 
	fd: 


