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Evaluation of SCC Resistance of Alloy 600 in High Temperature Pressurized
Water Environments by the High Stress Ratio Cyclic Crack Growth Tests

Hiroo NAGANO, Katsuyuki TOKIMASA, Kenichi TANAKA and Hiroyuki TSUGE

Synopsis:

SCC resistance of nickel-base alloy, Alloy 600, in high temperature pressurized water environments was
evaluated by the cyclic crack growth tests of high stress ratio.

Three kinds of materials with different heat treatments namely annealed, sensitized and thermally treated
alloys were tested and it was found that the effect of enviroment on the fatigue crack propagation rate be-
came remarkable under a high stress ratio (R) and that sensitized and annealed materials showed higher
crack growth rates compared to the thermally treated one.

The fracture mode of the materials tested was intergranular when the effect of environment on the fa-
tigue crack growth rate was observed. From these results the effect of environments can be considered to
be caused by SCC. Cyclic Kjscc values evaluated made clear that the thermally treated material gave a
higher K;scc value compared to the annealed and sensitized materials.,

With the high stress ratio cyclic crack growth test in the environment, the SCC resistance of nickel base
alloy can be estimated quantitatively within a short period which is less than a fifteenth of tve time that is
required for the normal double U-bend test.

Key words: nickel-base alloy; stress corrosion cracking; fatigue; corrosion fatigue; environmental effect;
effect of heat treatment; crack growth.

1. #

MEKXKBEFF (PWR) ZRABEEHAETEAEHO—
RAKBRE 2 HE L - RABRSEAP B B0 SCC
WEEMS A HEL LTRERKIDTEEHFEUNCF
HEE (F7VUNRY FiE) SRS TEL S0
T, " BELREORBR A I LW IHIFIEEEHE
T %%, Alloy 600 %0 & Ni &40 SCC % % 5¢fi
T AICEIEFICEHERS 020, M52 OBRBESRM % Nk
LTAT) OPEET, FERBED SCC %8) & oxter
FTLLBEE TV, T4bb, BABEKTTIX Alloy
600 BEL LB A, TT #L3 (Thermally treated at
700°C for 16 h) # iz b b » A SLBALLEH TH, &7

WUNRY FEETIE 10000 h LEFAZD SCC 254 L
T, 22T, FEBA ClT 88 %\ id NaOH &l
FiREEKPRBEY D 2Ly, TTUEOME DR
LTYwBDOHPHRTHS., Kil, EEMTEINE
SERT # ) /N—2UN ¥ FEY %12X 5 SCC FHifiiE
LI ENTVEN, WTFhoHELBRESAE LML
RHDEERD. UN—ZAUNRY FETERRELFOT
HESZI-HRBREMEHL, BFARLEZERELY
LEDICHELTIHEL TV,

ZIT, TOLD) LREKROBEBERMAEINET 5 FHEC
2T, BRMAR SRS B R LT, S
T15%E CHRIB O/ S WER I 0T & BLERRERIC X

At SCC HaHliEE2MaET L7, coFER, BEERE

HEFN 58 4F 4 ARSHEHEASICTHRE B 624F 1 B 29 H2f+ (Received Jan. 29, 1987)
* EREBIEGR)BRAFMBIFER T8 (Technical Research Laboratories, Sumitomo Metal Industries, Ltd.)
*2 (EREE T BR) B AHIFFERT (Technical Research Laboratories, Sumitomo Metal Industries, Ltd., 1-3

Nishinagasuhondori, Amagasaki 660)

* ERERIEMR)RGEMRER (B EREBTEMRR) A7 422V =27 ) v K#) T (Technical

Research Laboratories, Now System Engineering Division, Sumitomo Metal Industries, Ltd.)

— 123 —



528 Bor 5 74 4 (1988) 3w

TTOEYSZEREEH SCC OFEBTH AL, i
AR LEEH AWV IRBEIB IO EM4T T 2 OMERASE
FILBHIED FFHLAELDOTHS.

AKETIE Alloy 600 HEARILALERM, SBALMIEES B
LU TT MBEM o EIG I EY SR ERKAERIZLD,
A EREEARIZET S Alloy 600 Dfif SCC PEIZK
1T EE OBE, #5510 TT MBOMBEOHERETITV,
AFEHED PWR BHE Ni &£ 00 SCC MR s FHii % &
LCOBEREEZHS M L.

2. ¥ B F &

2-1 #5486 L0HRE

fits41 137 Ni 44 Alloy 600 C Table 1 1Z/~$ 37
HoOBMBEM GAR LM, SBLREM B IO TT
WUEEFF) IS oW TREBREFEM L 2. 2 2 CTHLD BiF3
MO EHET SCC HATRL Y, $BALH 1 700°CX
1h, ACICXDRFITH— 11 FHAHHL, Cr RZE
AL SCCHMETIT A EEZLNRLMETH N,
TT AL & 700°CX15h, AC X X D RR D Cr RZRE
% A s, BAMLRENL D bEVE SCCHERT
LEEZONHLMETHAHY. Table 2 IZHHAM DAL
SR 4%, Table 3 IZHiRB & U 325°C KA H DM
R N S
2-2 FEHERERSR

2:2-1 RERFFiE

BE +10tf o4 — M7 L— T EEY — KK

Table 1.
1150°CX1h WQ

1025°CX 20 min WQ — 1 150°CX 30 min AC
—700°CX1h AC

1 025°C X 45 min WQ — 30% cold work
— 900°CX1h WQ — 700°CX15h AC

Heat treatment.

Solution treatment

Sensitization

Thermal treatment

Table 2. Chemical compositions (wt% ).

C Si Mn P S Ni Cr Al Ti B
0.026 0.37 0.38 0.009 0.001 73.45 15.97 0.13 0.21 0.0001

Table 3. Mechanical properties.

Test 0.2 proof  Tensile El . Reduction

temp- Material stress stress on%a ron in area

erature kgf/mm?  kgf/mm? %
Solution

RT treated 16.5 56.5 61.2 .
Sengitized 15.9 54.3 58.0 67.9
TT 28.1 69.7 44.8 69.8
Solution

25°C treated 12.4 50.9 63.2 64.0
Sensitized 11.9 49.3 61.3 66.0
TT 23.2 63.2 4.4 64.0

% TT : Thermally treated
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Fig. 2. Effect of stress ratio on the fatigue crack
propagation rate of sensitized Alloy 600.
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Fig. 3. da/dN ~ AK. relationship of sensitized
Alloy 600.
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Fig. 4. Crack propagation behaviors of sensitized
Alloy 600.
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Fig. 5.° Crack propagation behaviors of mill solu-
tion treated Alloy 600 in deaerated 325°C water.
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Fig. 6. Crack propagation behaviors of thermally
treated Alloy 600.
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Fig. 7. Comparison of the crack propagation be-
haviors. of three materials in the deaerated water
condition.
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Fig. 8. Crack- propagation behavior of thermally
treated Alloy 600 at high stress ratio.
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a)b) Air saturated water condition ¢) d) Deaerated water condition

Photo. 1. Fracture surfaces of sensitized Alloy 600 (R=0.5).

a)b) Solution treated material ¢)d) Thermally treated material

Photo. 2. Fracture surfaces of Alloy 600 in the deaerated water condition (R=0.5).
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