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Effects of Laser Surface Melting on the Pitting Resistance of Alloy 690

Young-Kyu Kim and Tae-Gu Jhee
School of Material Science & Engineering Hongik University, Jochiwon 339-701

Abstract The effect of laser weiding and surface treatment, developed as a method of repairing steam generator
tubes, on the pitting corrosion resistance of alloy 690 was examined. The surfaces of some heat-treated Alloy 690
materials were melt-treated using the Nd-YAG laser beam, and then examined to characterize the microstructures.
The resistance to pitting corrosion was evaluated by measuring of Ep{pitting potential) through the electrochemical
tests and also by measuring the degree of pit generation through the immersion tests. The pit formation characteris-
tics were investigated by observing microstructural changes and pit morphologies. The results show that the resis-
tance to pitting corrosion increases in the order of the following list; solution annealed Alloy 690, thermally treated
Alloy 690, and laser surface melt-treated Alloy 690. The melted region was found to have a celiular structure and fine
precipitates. It was confirmed that the resistance of Alloy 690 to pit initiation and also to pit propagation was higher
when it was laser treated than treated otherwise.
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Table 1. Chemical compositions of test specimens.
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Fig. 1. Schematic drawing of the electrochemical test
system.

(Unit : wt%)

Specimen Ni Cr Fe Co Cu

Mn Ti Si Al C S

Alloy 690 60.61 | 2937 | 9.22

0.008 | 0.01

0.17 0.31 ]0.040.23| 0.03 | <0.001
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{a) SA (Solution annealed)
Fig. 2. Optical photographs showing microstructures of Alloy 690 obtained from two different surface treatment,

(a) Cross-sectional view of SA + LSM

(b} LSM {Laser surface meited)

{b) Magnified Cross-sectional view of (a)

Fig. 3. Optical photographs showing cellular structures and twins in adjacent to LSM(laser surface melted) zone/base

metal.
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Fig. 4. Potentio~dynamic anodic polarization curves for

Alloy 690SA, Alloy 690TT and Alloy 690LSM in de-aerated

in 10,000 ppm CI” solution at 90°C.
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Table 2. Average depth and density of pits in Alloy 690
specimens tested

Types of Average depth Density

specimens (pm) (ea/cm®)
Alloy 690 SA 192 22
Alloy 690 TT 189 21
Alloy 690 LSM 178 15
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{a} A pit in Alloy 680 TT {b} Cross-sectionat morphology of & pit
(thermally treated) penetrated into Alloy 630 TT

{c} Cross-sectional morphology af another
pit penetrated into Alloy 630 TT

Fig. 5. SEM photographs of pit morphology and cross-sections of Alloy 690 TT (thermally treated) immersed in de-
aerated 10* ppm chloride+500 ppm Cu** solution at 175°C during 2 weeks.

{a) Cross-sectional morphology

. {b) Image map of Ni
of a pit on Alloy 690 LSM

{c) Image map for Cr {d) Image map for Fe

Fig. 6. SEM photographs and image mapping of Alloy 690.
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