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Ultrasonic Nonlinearity Measurement in Heat Treated SA508 Alloy:
Influences of Grains and Precipitates
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Abstract In the present study, the influences of grains and precipitates of microstructural evolution on the
ultrasonic nonlinearity have been experimentally investigated. The prior-austenite grain and precipitate size are
controlled by the variation in austenitizing and tempering conditions in reactor pressure vessel materials of nuclear
power plant, SAS08 Gr.3 low alloys. The ultrasonic nonlinearity was found to have strong correlations with grains
and precipitates since the ultrasonic nonlinear parameter 3 shows decrease trend with coarsening of grains and
precipitates. Although the prior-austenite grain size increased, the 3 changed little due to the effects of subgrains,
packets and laths. For the preciptate effects, the [ decreased sharply due to decrease in Mo,C causing the
coherency stain in addition to the precipitate size. The results in this study may provide a potential for
characterizing the microstructural evolution, grains and precipitates, by measuring the ultrasonic nonlinearity.
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Table 1 The chemical composition of SA508 Gr.3
C Si Mn P S Ni Cr Mo Al Cu
0.21 0.24 1.36 0.007 0.002 092 0.21 0.49 0.022 0.03
Table 2 Heat treatment of SA508 Gr.3
Normalizing Tempering Austenitizing Tempering
H1 880°C/8h 6607 /8h 880C/6h 660°C/10h
H2 8807C/8h 660°C /8h 880°C/6h 660°C /30h
H3 880°C/8h 660C/8h 8807C/6h 6607 /50h
H4 8807C/8h 6607C /8h 960C /6h 6607C /10h
H5 880°C/8h 660°C /8h 1000°C /6h 6607C /10h
Table 3 Heat treatment result of SAS08 Gr.3  (wt.%)
Material H1 H2 H3 H4 H5
Ave.grain size(um) 25 24 20 60 110
Ave.carbide size(um) 0.20 0.26 0.29 0.21 0.21
Aspect ratio 2.00 1.80 1.75 213 2.03
Fracture toughness (MPam™) 88.3 49.1 492 843 89.5

Fig. 1 Optical microscopy images of SA508 Gr.3 with heat treatment :

Austenitizing 960°C/6h (H4), (c) Austenitizing 10007C/6h (H5)
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Fig. 2 Experimental system for measurement of
ultrasonic nonlinear parameter
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