CORROSION SCIENCE AND TECHNOLOGY, Vol.17, No.3(2018), pp.116~122

[Research Paper]

PISSN: 1598-6462 / eISSN: 2288-6524
DOI: http://dx.doi.org/10.14773/cst.2018.17.3.116

=M=et2tE(Pb+S+CIHAHIA Alloy 6902 SEHEARFAHS

= AR-TIP R IR
A AT Y AAHAZATE, HHFIA AT Y AHZ 989 A 111
(20143 102 309 A5, 20159 2¢€ 23U 474, 2015 2€ 239 A=)

Stress Corrosion Cracking Behavior of Alloy 690
in Crevice Environment (Pb + S + Cl) in a Steam Generator Tube

Jung-Ho Shin*, Sang-Yeop Lim, and Dong-Jin Kim

Nuclear Materials Research Division, Korea Atomic Energy Research Institute (KAERI)
111, Daedeok-daero 989beon-gil, Yuseong-gu, Daejeon, Korea

(Recevied April 26, 2018; Revised June 16, 2018; Accepted June 18, 2018)

The secondary coolant of a nuclear power plant has small amounts of various impurities (S, Pb, and Cl,
etc.) introduced during the initial construction, maintenance, and normal operation. While the concentration
of impurities in the feed water is very low, the flow of the cooling water is restricted, so impurities can
accumulate on the Top of Tubesheet (TTS). This environment is chemically very complicated and has a
very wide range of pH from acidic to alkaline. In this study, the characteristics of the oxide and the mechanism
of stress corrosion cracking (SCC) are investigated for Alloy 690 TT in alkaline solution containing Pb,
Cl, and S. Reverse U-bend (RUB) specimens were used to evaluate the SCC resistance. The test solution
comprises 3m NaCl + 500ppm Pb + 0.31m Na,SO4 + 0.45m NaOH. Experimental results show that Alloy
690 TT of the crevice environment containing Pb, S, and Cl has significant cracks, indicating that Alloy
690 is vulnerable to stress corrosion cracking under this environment.
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STRESS CORROSION CRACKING BEHAVIOR OF ALLOY 690 IN CREVICE ENVIRONMENT (PB + S + CL) IN A STEAM GENERATOR TUBE
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Fig. 1 Geometries of tube specimen for RUB specimen.
Table 1 Chemical Composition and Heat Treatment of Alloy 600MA and 690TT
Material C Si Mn P Cr Ni Fe Co Ti Cu Al B S N Nb
Alloy 600 MA| 0.025 0.05 0.22 0.07 15.67 | 75.21 8.24 0.005 0.39 0.011 0.15 | 0.0014 | 0.001 | 0.0103 -
Heat tretment| 954.4°C, 5.5min
Alloy 690 TT| 0.02 0.22 0.32 0.009 | 29.57 58.9 10.54 0.01 0.26 0.01 0.019 | 0.004 | 0.001 [ 0.017 0.01

Heat tretment|

1100.2°C~1105°C, 4.2min — 716°C~728°C, 11.5hr
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Fig. 2 Cutting position for cross section analysis of RUB
specimen.
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F1g 3 (a) Circumferential and (b) axial cross section OM images of Alloy 690 TT tested during 105 days.
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Fig. 4 STEM-HAADF images and EDX elemental maps obtained from APEX in an alloy 690 TT after tested 42days specimen.
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Fig. 5 STEM-HAADF images and EDX analysis result of inner oxide layer in Fig.4.
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Fig. 6 (a) SEM images and (b) Pt coated specimen TEM image
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Fig. 7 STEM-HAADF images and EDX elemental maps obtained from APEX in an alloy 690 TT after tested 105days specimen.

3l o5 upg} 7o) IAEE o7 Algdnh

Fig. 6& 10597+ A€3 Alloy 690 TT $-5%-2] %4
Akslet ol S FIBC) &2yl SEM2- ©]-8-8fo] TEMA]H 2
A& S HolFa glow, SEMAR I} Hit) 2 o]

120

TEMAFe) = Pe7} Aliskio] sl sjol slo] fhasnt.
(a) 9] o] v] <] Fof kel 91215k Axlo] FIBA® ARl
% HZof Q= o]ulA: ARE gh 71Ea] el o)A
o] 20| oju]x|3= TEMAIHOZ ALg817] Sl8te] 100

CORROSION SCIENCE AND TECHNOLOGY Vol 17, No.3, 2018



STRESS CORROSION CRACKING BEHAVIOR OF ALLOY 690 IN CREVICE ENVIRONMENT (PB + S + CL) IN A STEAM GENERATOR TUBE

1’-: (0"'"“) Cr- H,0 - System at315T

25
2.0
L5 | HCrO,
1.0 T
0.5 |Cr* ﬁ Cro>

0.0 { ~—

0.5 e sy
1.0 ~
s o Cr(OH); -

2.0 : :
25

-3.0
-2 L] 2 4 6 8 10 12 14 16

pH

(a)

E:‘(;"'“‘) Ni- H,O - Systemat 315T

25 f

20

1.5

Lo |

05

0.0

0.5 |

-1.0

-1.5

2.0

2.5

30, 0 2 4 6 s 10 12 14 16
pH

Fig. 8 E-pH diagrams for (a) Cr-H,O system and (b) Ni-H,O system at 315 C [12].

Fig. 9 STEM-HAADF images and EDX elemental maps obtained from APEX in an alloy 690 TT without Pb after tested 105days

specimen.
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