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Effects of Plastic Deformation on Surface Properties and Microstructure
of Alloy 690TT Steam Generator Tube
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ABSTRACT

Denting of steam generator (SG) tube is defined as the reduction in tube diameter due to the stresses exerted by the
corrosion products formed on the outer diameter surface. This phenomenon is mostly observed in the crevices between SG
tube and the top—of tubesheet or tube support plate. Despite the replacement of SG tube with Alloy 690, which has better
corrosion resistance than Alloy 600, the denting of SG tube still remains a potential problem that could decrease the SG
integrity. Deformation of SG tube by denting phenomenon can affect the surface properties and microstructure of SG tube.
In this study, the effects of plastic deformation on surface properties and microstructure of Alloy 690 thermally treated
(TT) tube was investigated by using the various analysis techniques. The plastic deformation of Alloy 690 increased the
surface roughness and area. Many surface defects such as ripped surface and micro—cracks were observed on the deformed
Alloy 690TT specimen. Based on the electron backscatter diffraction analysis, the dislocation density of deformed SG tube
increased compared to non—deformed SG tube. In addition, the effects of changes in surface properties and microstructure
of SG tube on general corrosion behavior were discussed.

Key Words : Steam generator tube (Z7|%A7] ¥, Plastic deformation (24¥ %), Denting (1E),
Microstructure (U|4]%2]), Surface properties (EFHEA]), SEM (FAFAAFE 1| 7)
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Fig. 1 Schematic of denting phenomena in SG crevice between
the expanded SG tube and top of tubesheet.
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Table 1 Chemical composition of Alloy 690TT tube (wt.%).

Cr Fe Si Mn Ti Al C Ni
293 | 104 | 03 0,3 0,2 | 0.02
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Fig. 2 Design and appearance of 0% and 15% deformed Alloy
690TT tube specimen for tensile test.
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Fig. 4 Surface roughness of 0% and 15% deformed Alloy
690TT tube specimen.
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Fig. 5 Surface area of 0% and 15% deformed Alloy 690TT tube
specimen.
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Fig. 6 SEM images of surface of 0% and 15% deformed Alloy
690TT tube specimen.
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Fig. 7 XRD patterns of 0% and 15% deformed Alloy 690TT
tube specimen.
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Fig. 8 Crystallite size of 0% and 15% deformed Alloy 690TT
tube specimen obtained from XRD patterns.
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Fig. 9 Dislocation density of 0% and 15% deformed Alloy
690TT tube specimen obtained from XRD patterns.
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Table 2 Average grain size and total number of grain of 0% and
15% deformed Alloy 690TT tube

. Deformation
Grain parameters
0% 15%
Average grain size (um) 24.57 24.08
Number of grain 1160 1194
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Fig. 12 Grain orientation distribution of 0% and 15% deformed
Alloy 690TT tube specimen.
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Table 3 Average KAM and dislocation density of 0% and 15%
deformed Alloy 690TT tube

. Deformation
Description
0% 15%
Average KAM (o) 0.12 1.85
Dislocation density (1014/m2) 3.17 48.94
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