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ABSTRACT

Cast austenitic stainless steels (CASS) and austenitic stainless steel weldments with a ferrite—austenite duplex structure
are widely used in nuclear power plants, incorporating ferrite phase to enhance strength, stress relief, and corrosion
resistance. Thermal aging at 290—-325°C can induce embrittlement, primarily due to spinodal decomposition and G—phase
precipitation in the ferrite phase. This study evaluates the effects of thermal aging by collecting and analyzing various
mechanical properties, such as Charpy impact energy, ferrite microhardness, and tensile strength, from various literature
sources. Different model expressions, including hyperbolic tangent and phase transformation equations, are applied
to calculate activation energy (Q) of room—temperature impact energies, and the results are compared. Additionally,
predictive models for Q based on material composition are evaluated, and the potential of machine learning techniques for
improving prediction accuracy is explored. The study also examines the use of ferrite microhardness and tensile strength
in calculating Q and assessing thermal embrittlement. The findings provide insights for developing advanced prediction
models for the thermal embrittlement behavior of CASS and the weldments of austenitic steels, contributing to the safety
and reliability of nuclear power plant components.
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Fig. 1 Schematic illustration of selecting accelerated aging con-
ditions based on single and multiple activation energies.
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Fig. 2 Room temperature Charpy impact energy for Heat 60
(CF-8) and Heat 64 (CF-8M), observed experimentally (solid
points) and estimated using the tanh model (solid lines).
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Fig. 5 RT Charpy impact energy (top) and ferrite microhardness
(bottom) as a function of aging time for different temperatures
(350°C, 380°C, and 400°C).



Fx o rdolE AdQle| 2o A7) B

2.6 AIR OIEIZIE= 0

CR-6142 HIA o= ¢hA AFS 42 SAAF
AREE AE heat ol AR dis) AFAIE ATt
Baglo] gcH!, 01”'5**4 3, %ﬂﬂi}Oﬂ ‘U}ﬁ}ﬂl

SEL N EREEs
A 201 A sioba o] e, ik
Azol H4e B A ALEAL et
s, Yy Aol AFS Bs] gat 1%
2408 A& A% gol ST, Heby g E4o|
oat sl A2 ANHET, o]2 AL FHoluiAe]
st A e} Haste AE Be) B AE £

AFEA F ATl TRl Hlsto] A3l
szks7) Wistsly) mho] ) i Aol A AlFo] T
7 ol galo] BATeI A2

(7
Ao A BgetofuE &

e WE FRE AF 54 dolgE BAd hear®
%F 6%olth 4 (7914 0 12 DT 5%, 44 ook
3

© g A= EAsIU A Qr, AR
A% UTS,,, A& & 23k A& T UTS,,
& 2713 kO % 4%0I0h 0)F UTS, o) 44,
heat ©2 A7|7F A& AJHY] Hlo]g] F 714 =2 UTSS
ARE-3H3ITt

Fig. 6 7} heatol] 3t Q& AlASIY FHAE
dAos vehd dgolh A FuE SAslUAE
B W3S ul, CF-8M 559 AE= CF-3 2 CF-8 53¢
Azl vlste] e Qs UEFH ST o] ANLOJA
A5 CF-8M A &57) Atz oz ok ch% Btk
CR-4513 2149 Aute} SARIHY. & gl 4
Q= AL o g EFolgt ER|THE heat R 27]
A7Ee] WAL Avl, 23} AR B8tk
Lrehdth= Zlolth

Fig. 72 543t heato]] tjsA] CR-451394 Xk
Qcvok & AtollA 347 Qe Wlagh Jdolr}. Be
heato] thsiAl dHHA Q7t FA UEHT. o=
IAIE At EFste] SRt L g Uo|ES] 540
NGl Ala 2o wheba] A= wskge] WAl
%7] g o= AZHET Pl heat®] 7, thE heato]
H|gto] As] Zfol7h Zl=t, Fig. 6914 & 4 310l
320C <} 350°C 30,000 h Al Ax7} 400°C 10,000 h

%

rO

gt A 24 63

Heat 69, CF-3 Heat P2, CF-3
800
7007 g
600 W
500
200 Q: 146 kJ/mol Q: 143 kd/mol
Heat 68, CF-8 Heat P1, CF-8
800
700 :
3 e
. ¥ ]
£ 600 E :
5
> 5001
4004 Q: 141 kJ/mol Q: 109 kJ/mol
Heat 74, CF-8M Heat 75, CF-8M
800 -
-
700 éz D; H
600 0222 :
£
500
4004 Q: 57 kd/mol Q: 88 kJ/mol
0 20000 40000 60000 0 20000 40000 6000
Aging time, h
°C -+ 320 - 350 - 400 Unaged
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ples shown for comparison.
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