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Study on Thermal Aging Mechanism of Cast Duplex Stainless Steel
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Abstract Cast duplex stainless steel is used for reactor coolant piping in pressurized water
reactors. However, its toughness is reduced by aging after long time operation. R&D on non-
destructive techniques for evaluating the level of aging during in-service inspections has been carried
out. A practical technique to evaluate accuracy has not, however, been developed yet. This is because
the relationship between microstructural changes and mechanical property changes has not been
clearly identified. The aim of this study is to clarify the relationship between the microstructural and
mechanical property changes due to aging by examining the process of generation of precipitates.

The specimens used in this study were SCS 14A centrifuged cast stainless steel with three different
ferrite content types of 8, 15 and 23%. They were aged at temperatures of 350[] and 4000 for up to
10,000 hours. The mechanical properties were investigated with Charpy impact testing and Vickers
hardness testing, and microstructural changes studied with a transmission electron microscope, atom
probe analysis and Mdssbauer spectroscopy. As a result, the Charpy impact value of the specimen
with larger ferrite content decreased the most. The hardness of the austenite phase remained almost
unchanged while the hardness of the ferrite phase significantly increased. The ferrite hardness
increase and the phase decomposition rate were almost the same among the three specimens with
different ferrite contents. G phase precipitation was observed for the ferrite materials of 15% and
23% after the long period of thermal aging. In conclusion, the thermal aging degradation can be
evaluated by detecting the ferrite phase decomposition rate, the ferrite content and the G phase
precipitation.

Keywords Cast duplex stainless steel, thermal aging, phase decomposition, transmission electron

microscope, atom probe analysis, Mossbauer spectroscopy, G phase.
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C Si Mn P S Ni Cr Mo N(ppm)
ooo <0.08 1.50 1.50 0.040 0.040 9-12 18-21 2-3 O
F23 0.044 1.46 0.68 0.029 0.016 9.57 20.02 2.23 501
F15 0.039 1.07 0.84 0.023 0.008 9.28 18.80 2.14 558
F8 0.047 0.79 0.90 0.026 0.017 10.67 18.85 2.22 562

‘C00o0Dooooo



goooooobooooooo

147

30
Boh ooh
25 F23
88 g
20 ° 58
JAN
A Fl5
5 88 i
A A iy SR A
A R
a
0F
e »
5 = ) §E{~ T = oo
oo =
70mm
0 | | | |
0 20 40 60 80

0000000 (mm)

gbooboobooobobooobobooboboobooboobooboobooo

ptiiliy

OO0O0Oor30050000 OO0O00Or2300500000

OOo00OFrIOOK0000 O000FIO0500000



148

100054

O0O00rROOB0000

O00DO00O0OF23FI5FO0000000 0 wt.%O

Fe Ni Cr Si Mo | Mn
F23a | 63.78 | 557 | 25.52 | 1.67 | 2.91 | 0.55
F15a | 64.67 | 517 | 24.62 | 1.35 | 3.39| 0.80
F8a 63.55 | 554 | 2532 | 1.05 | 3.65| 0.89
F23y | 66.28 | 946 | 20.13| 1.40 | 1.84| 0.89
F15y | 66.98 | 9.15 | 19.64 | 1.24 | 2.02| 0.97
F8y 65.82 | 10.0 | 20.03| 094 | 2.20| 1.01
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RGE image formed from
three-window elemental mape
(Red=Cr-rich, Blue=Fe-rich reglons)
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