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Stress Corrosion Cracking of Steam Generator Tubings
of Domestic Nuclear Power Plants in Caustic Solution

Z

o
Ly
*
o,
o

PN
HAT

U dAd S71EA7] sz a2 U oldd HTMA Alloy 600, TT Alloy 600, TT
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Abstract
Steam generator tubings of domestic nuclear power plants are high temperature mill
annealed(HTMA) Alloy 600, thermally treated(TT) Alloy 600, TT Alloy 690 and Alloy
800. Archive steam generator tubings that we have are four HTMA Alloy 600s, TT
Alloy 690. TT Alloy 600 was made of by heat treatment of HTMA Alloy 600 at
7150C for 24 Hrs. Low temperature mill annealed(LTMA) Alloy 600 was used in this
work for comparison with other alloys. Stress corrosion cracking (SCC) of steam
generator tubings have been studied in 10% and 40% NaOH of 315C. SCC test was
performed using C-ring specimen at potential of +200mV above corrosion potential.
SCC rate of high temperature mill annealed HTMA) Alloy 600 was about 10 ‘mm/sec
in 10% NaOH of 315°C and about 5x10 *mm/sec in 40% NaOH of 315°C. SCC rate



increased with NaOH concentration at 315°C if NaOH concentration is less than 40%.
SCC rate of low temperature mill annealed Alloy 600 was about 25 times faster than
HTMA Alloy 600. Four HTMA Alloy 600s show similar SCC resistance because they
have similar mechanical properties, microstructures and chemical composition. SCC
resistance of Alloy 600 increased with a following heat treatment sequence: LTMA
Alloy 600, HTMA Alloy 600, TT Alloy 600, TT Alloy 600. These results suggest
that SCC resistance increases as both coverage of intergranular carbide and bulk Cr
content increase
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Table 1 Chemical composition of steam generator tubing.

material Ni Cr Fe C S P B N Si Cu Al Ti
HTMA
725 | 16.85 9.00 0.025 0.003 0.008 0.001 0.016 0.31 0.01 0.015 0.28
Alloy 600A
HTMA
74.76 | 15.63 8.62 0.025 <0.001 0.007 0.004 0.01 0.14 0.03 0.21 0.34
Alloy 600B
HTMA
76.11 | 15.29 7.57 0.026 0.001 0.008 0.004 0.004 0.15 0.015 0.23 0.32
Alloy 600C
HTMA
75.08 | 15.38 8.56 0.023 0.001 0.006 0.003 0.01 0.20 <0.01 0.24 0.26
Alloy 600D
LTMA
7534 | 15.97 8.03 0.04 0.001 0.30 0.11
Alloy 600
TT
589 | 29.57 10.54 0.02 0.001 0.009 0.0004 0.017 0.22 0.01 0.019 0.26
Alloy 690
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Fig.1 SCC Rate of Staem Generator Materials in
10% NaOH at 315°C

Table 2. Specification of Alloy 600 used in domestic power plants.

FHeY | QFA = |ANE ([ 2AH| Cr C
A 5 . . 71 e
(ksi) (ksi) [(%) a7z | (%) | (%)

spec. >35 >30 30 14-17 | <0.15
YK34 40 100 44 5.5 16.8 | 0.025
YK56 35.5 94 47 5.0 158 | 0.026

uJ3 375 98 43 6 155 | 0.025

uJ4 37 96 44 6 153 | 0.025




Table 3. Specification of Alloy 690 used in domestic power plants.

FHSY | QFAE A& ([ A44H| Cr C
A = . ) 715
(ksi) (ksi) [(%) a7 | (%) | (%)
spec. >40 >85 30 >58 | <0.15
KR1 48 106 44 58.9 0.02

L. 40% NaOHell A4 SCC

40% NaOHelA HTMA Alloy 600, TT Alloy 600, TT Alloy 690¢] SCC £%&
Table 4o YERATE JAESES HTMA Alloy 600, TT Alloy 600, TT Alloy 690 <&
M2 Folxon, SCC AIAMHE o &A= F7Ietth. vl HTMA Alloy 600% 150%

o FESHS JHS W 5 2¢ ¢l B Es BT

Table 4. Effect of heat treatment on weight loss measured in boiling HNO; for 48Hrs(Modified
Huey test), distribution of intergranular carbide and maximum SCC crack

propagation rate.

. weight loss distribution of maximum SCC crack
Material 9 . . .
(kg/m“/sec) | intergranular carbide | propagation rate(m/sec)

HTMA Alloy 600A 115%10" discrete 50%10"

TT Alloy 600 22x10" continuous 1.4x10"

LTMA Alloy 600 no 50107

TT Alloy 690 continuous no crack
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