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Abstract In order to develop an ultrasonic evaluation method for properties degradation of high temperature materials, a
number of Cr-Mo-V steel samples were heat-treated, and their damage mechanism was examined. Ultrasonic parameters
such as velocity, attenuation, and more recently developed nonlinear acoustic parameter were measured. The nonlinear
acoustic parameter was found to be most sensitive to material degradation mainly attributed to the precipitation of impurities
in grain boundaries. When compared to the electrical resistivity results, the nonlinear parameters showed similar behavior.
There existed a relatively good correlation between the nonlinear parameter and the fracture appearance transition
temperature (FATT) obtained by Charpy V-notch impact test. Based on the relationship between the FATT and the fracture
toughness (Kic), correlation between the nonlinear parameter and Kic was established.

Keywords: degradation, nonlinear acoustic effect, fracture appearance transition temperature,
fracture toughness, electrical resistivity
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Table 1 Chemical composition (wt. %)

CSi (M| P | S|N {CriM]|V]|As|[Sn]|Sh
0.31]0.23(0.76)0,006|0.001{ 036 | 1.11]1.32|0.27| 0.006 |0.005]0.001

Table 2 Mechanical properties

Temperature | Yield | Tensile |Elongation| Reduction |Hard~
strength| strength of area | ness
(c) (MPa) | {MPa) (%) (%) {Hv)

24 665.2 | 823.1 188 04 | 266
538 5335 | 5806 27 5565 -

Table 3 Aging time at 630°C and equivalent service
time at 538°C

Time served
at 538C (h)
Aging time
at 630C (h)

25,000{ 50,000 { 75,000 | 100,000 200,000 { 300,000

453 | 933 1,322 | 1,820 | 3640 | 5460
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