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zA)gta] A& ZAn A7) 333 Aol 93 Ep(pitting potential) 2] &5} A=A 27 e HAHEE &H5}o)
TAAFEL vt} £ o)A EAAM o] it vl A=A wisiel HE o 44 91X 3 A= Y4L FAso = PP
A& 22 AP FAATAL Alloy 600 SEN, Alloy 600 SA, Alloy 600 LSM 2.2 Z7}stgcth. Alloy 600 A&
o ZE MEESAA Ti §R70A1Ee] JE H42] 51 Ato|n #Ho|x Hejd Alloy 6009 F& FAANFAHL F-2A47/1E9)
oA FAELE, 2AYAY 4, AR Aty YA 9T Aoz AZEd. AEE Y2 Y= FAYPEY FAEL Cr
o]%levy HE 9| o 535 Ferl @Weol HE= Ut

Abstract The effect on the pitting corrosion resistance of laser welding and surface treatment developed as a repair
method of steam generator tubing material that was a major component of primary system at nuclear power plant was
observed. Some heat-treated Alloy 600 tubing materials used at domestic nuclear power plants were laser-surface
melted and the microstructural characteristics were examined. The pitting corrosion resistance was examined through
Ep(pitting potential) and degree of pit generation by means of the electrochemical tests and the immersion tests
respectively. The pit formation characteristics were investigated through microstructural changes and the pit initiation
site and pit morphology. The test results showed that the pitting corrosion resistances was increased in the order of the
followings ; sensitized Alloy 600, solution annealed Alloy 600, and laser surface melted Alloy 600. Pits were initiated
preferably at Ti-containing inclusions and their surroundings in all tested specimens and it is believed that higher pit-
ting resistance of laser-surface treated Alloy 600 was caused by fine, homogeneous distribution of non-soluble inclu-
sions, the disappearance of grain boundary, and the formation of dense, stable oxide film. The major element of corro-
sion products filled in the pit was Cr. On the other hand, Fe was enriched in the deposit formed on the pit.
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Table 1. Chemical compositions of test specimens.

9 2o AYLE Im/mine FHALFAIFHLT. X 1S
Agel 2145 Alloy 600 A 82] szAE BdEr)

22 oMz Y m|E THE

)22 FAE Q8 ABE SiC dekA] # 24007HA]
vt ¥ 1m 279} EFolt £2E o83t polishing
3toict. dAF RS 95l 20~30mé H,O0+20m¢ HCl+
20m¢ HNOs+10mé H.0, §-AllA oF 2E7F oAz g
o], I Ee3E £ X FE3Y] At 100me HO+10g
AL G AEe A 6V Y AFAYR oF 1657 A &
Aok vlAlEA 54 2 JE Yo #FL Akashi
Beam TechnologyAte] FAtAAMdv|AE o]83tdley
EAAo] 24 95 WDSE AR5kt

23 3ANgd 5

Ao A7ENH AsS Hrskr] g5k EAAAE
A8 ed JFEFFAE 3l FAAHED F 5
Astgch, FAANERE Y EF4EE 20mV/ming e
o EFHdge 2Ry ARAEs) 343 FUlsle AH
4 EpE Aot A|d44L 10ppm Cl™(as NaCl ]
o AgA 15 e ALIteE FYited §-EALF 10ppb
ol8lZ ZA3Pn AFLEE 90T 175°Celde). M
A A|FARE 1Y 1o Heblisich

AAAFL FA7FEEE 43t 175C 9 10°ppm Cl~
(as NaCl) +50ppm Cu**(as CuCl) -S-fFo|r st
t}. AW Teflon AR ¢el Y=)A)P 223 Ti-auto-
clavest A7)1H o2 AAstgdon 347 AR F IE
o A A=E EA45 T HE YiFo] TS HA=T
A7t AR A}

(Unit : wt%)
Specimen Ni Cr Fe Co Mo Cu Mn Ti Si Al C S
Alloy 600 Bal. 15.72 7511 0.38 0.25 0.22 0.17 0.17 0.15 0.12 350ppm 20ppm

C : Counter electrode
(carbon rod)
W : Working electrode
R : Reference electrode
(Saturated Caiomel Electrode)
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Fig. 1. Schematic drawing of the electrochemical test system.
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A

C) Planar view of SA+LSM

(E) Cross sectional view of SA+LSM

(F) Cross sectional view of SEN+LSM

Fig. 2. Optical micrographs showing carbide precipitation from two different heat treatments and planar
& cross sectional phase boundary of LSM(laser-surface melted) zone/base metal and grain boundary of

base metal.
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(A) before LSM

(B) after LSM

Fig. 3. SEM photographs showing both differences in the presence of inclusions and changes of grain

boundary before and after LSM.
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Fig. 4. Morphology and distribution of inclusions in laser surface
melted Alloy 600 ;(A) polished LSM & sensitized region, (B)
LSM region magnified, (C) sensitized region magnified.
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Fig. 5. Electrochemical corrosion potentials for Alloy 600 SA,
Alloy 600 SEN(sensitized), and Alloy 600 LSM(laser surface
melted) in deaerated 104 ppm chloride solution at 90°C as a
function of time.

e —

—~B— Alloy 600 SA
0.14 | —A—Alloy 800 SEN
1 | —o—Aloy600 LSM

Current Density {A/cm?)

L e o S ——
-05 -04 03 -02 01 00 01 02 03 04 05 06
Potentiat (V)

Fig. 6. Potentiodynamic anodic polarization curves for Alloy 600
SA, Alloy 600 SEN, and Alloy 600 LSM in deaerated 10‘ ppm
chloride sotution at 90°C.
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Fig. 7. The effect of temperature on the pitting potential of
Alloy 600 SA, Alloy 600 SEN, and Alloy 600 LSM in deaerated
10* ppm chloride solution at 90°C.
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Table 2. Average depth and density of pits in Alloy 600
specimens tested.

Types of Specimen Average Depth Density
Alloy 600 SA 46 /m 8 ea/crf
Alloy 600 SEN 62 m 11 ea/cn
Alloy 600 LSM 35 im 6 ea/cif

56 . @+ 1718

(D)

Fig. 8. SEM micrographs showing pit morphologies of Alloy 600 specimen ; (A) a string of pits along the inter-
face of sensitized region/LSM region, (B) a pit in sensitized region, (C) a pit formed by the deviation of Ti con-

taining in-clusion, (D) a pit filled with corrosion product.
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Fig. 9. SEM micrograph showing pits formed in the grain and
along the grain boundary of Alloy 600 specimen.

(B)

Fig. 10. SEM micrographs showing pit morphologies of Alloy 600 specimen ; (A) pits formed along the grain bounda-
ry in sensitized region, (B) X-ray profiles by WDS on a residual in a pit.



224 AR M9A A2%

(A)

T33P 1728

26KYU  3088¥%

()

(1999)

26Ky 3@8@X 3T 3p 1724

(B)

FI .30 1726

2aKy  3JeaX

(D)

Fig. 11. SEM micrograph and WDS image mapping of Alloy 600; (A)cross-sectional morpholgy of a pit on the
LSM region, (B) image map for Nj, (C) image map for Cr, (D) image map for Fe.

Table 3. WDS analysis of corrosion products in pits of Alloy 600 LSM

(unit : wt%)

. Location Base metal Inner corrosion product Quter corrosion product
Chemicals Remark
Ni 76.0 82 287 Ti and S as traces were
Cr 16.6 91.6 7.3 detected in the corrosion
Fe 7.4 0.2 64.0 product.
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