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Non-Destructive Evaluation of Thermal Aging of Cast Duplex Stainless Steel
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Abstract Cast duplex stainless steel is frequently used in main coolant pipes and reactor coolant
pump casings in nuclear power plants because of its excellent material strength, toughness and
superior corrosion resistance. It is known, however, that thermal aging occurs when this material is
exposed to temperatures over 30000 for extended periods of time. As a result, the material toughness
decreases. It is necessary therefore to evaluate changes in the mechanical properties of this material
caused by thermal aging using non-destructive methods for the maintenance and management of
components made of cast duplex stainless steel.

In order to develop a non-destructive technique for evaluating the toughness reduction of cast duplex
stainless steel due to thermal aging, five types of non-destructive techniques were compared. These
include ultrasonic sound velocity measurement, the thermoelectric power measurement the electric
resistance method, the SQUID (Superconducting Quantum Interface Device) method, and the positron
annihilation method. The thermal aging detectability of each technique was compared and examined
in experiments using specimens on which accelerated thermal aging had been carried out. It was
concluded that the thermoelectric power measurement was the most effective technique for evaluating
thermal aging because the correlation coefficient between the non-destructive evaluation parameters
and the mechanical properties of aged materials was high and the dispersion of measurements was
small.

Keywords Cast duplex stainless steel, thermal aging, ultrasonic sound velocity measurement,
thermoelectric power measurement electric resistance method, SQUID (Superconducting Quantum Interface

Device) method, positron annihilation method.
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No Cc Si Mn P S Ni Cr Mo N Fe
F8 0.047 0.79 0.90 0.026 0.017 | 10.67 | 18.85 2.22 0.0056 bal.
F15 0.039 1.07 0.84 0.023 0.008 9.28 18.80 2.14 0.0056 bal.
F 23 0.044 1.46 0.68 0.029 0.016 9.57 20.02 2.23 0.0050 bal.
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