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(Left) High-temperature oxidation behavior of zirconium alloy cladding, 107 oo ok obs o o omo
(right) Picture of a nuclear accident with hydrogen explosion after LOCA 10007T [K']

K.A.Terrani, S.J. Zinkle, L.L. Snead, “Advanced oxidation-resistantiron-based alloys for LWR fuel cladding,” J. Nucl. Mater., 448, (2014) 420.
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= FeCrAl &39 =y

Alloy designation  Nominal chemical composition (wt.%]) Analyzed Y wt.%
136 Fe-13Cr-6Al -
136Y-1 Fe-13Cr-6AI-0.15Y 0.03Y
136Y-2 Fe-13Cr-6AI-0.3Y 0.14Y
136Y-3 Fe-13Cr-6AI-0.43Y 0.27Y

136YTMC-2 Fe-13Cr-6AI-0.3Y-0.1Ti-0.2Mo-0.04C 0.10Y

= FeCrAl 30| HIX
Melting R Rolling and Heat treatment

Ingot Sample Homogenized

1200 °C, 2 hr
Arc melting Induction melting Final ingot
Filtered slag after induction melting Annealing Hot rolling )
700 °C, 1hr keep 800 °C, then Hot rolling
P F3T — & P33T

65 X 565 X 3 mm 65 X 565 X 3 mm 5
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- o2 S0 YFedAls L1t - YOI &JIE B2 1200 C steam SHOIA
FAOHH SESL, Al AIS}EE 0] E20] SHANOL] S,

Y 0| X7} AN Al gxide
Subs;rate ™Al oxide ﬂ”' Lo ..
v p I

Element wt. % at. %

Y 19.4 12.0
Fe 67.1 66.1
Al 7.7 15.7
Cr 5.8 6.2

Beam direction: [111]
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1) Yamamoto, Yukinori, et al. "Development and property evaluation of nuclear grade wrought FeCrAl fuel cladding for light water reactors." Journal of Nuclear Materials 467 (2015): 703-716.
2) Sakamoto, K., et al. "Overview of japanese development of accident tolerant FeCrAl-ODS fuel claddings for BWRs." WRFPM Conference, Jeju Island. 2017.

3) Chen, C. Y., et al. "Precipitation hardening of high-strength low-alloy steels by nanometer-sized carbides." Materials Science and Engineering: A 499.1-2 (2009): 162-166. 8
4) Jang, Jae Hoon, et al. "Stability of (Ti, M) C (M= Nb, V, Mo and W) carbide in steels using first-principles calculations." Acta Materialia 60.1 (2012): 208-217.
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Ashby-Orowan equation
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d / b
K = constant (5.9 N/m)

b = Burger's vector 0.246 nm
| d = diameter of precipitates
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Diameter of carbides (nm)

Ashby-Orowan equationOf| Ih2} #|AHEl
EtolE2 a0t ME 230 E 2 571

EL(%)

TS(MPa)

g 8 8
TS(MPa)
8

YS(MPa)

Jim
0
0H
N~
{c:

8 ArD o

PUSAN NATIONAL UNIVERSITY

Steel C (0.09Ti, 0.2Mo, 0.04C)

0 , 30 :
' Ti(wt.%) =0.09 @1 TiMo (at.%) =1
251 ! - '
\J\i“/ e 25( : / :
b & ; :
20 - I
l' : 3 w 20 : i B
15}- ' 15 | :
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10 1 1 1 1 10 | | ] | 1
900 1 900 I .
(b) i I
800 :
. B
1 Steel E

700
(Only Ti added)

]
|
| 1 [l 1 500 1
- : 800 :
(c) .
700 - ] 100 [/ I'
| K | i o
- | Z 600 [ 1 |
600 i @ h
i > - 1
i i 1
500 - - 500 | |
i i |
400 ] I : I 4[)0? | ] | ] 1
0.00 003 006 009 0.12 0.15 0 1 2 3 4
Ti (%) Ti/Mo (atomic concentration ratio)

5) Funakawa, Yoshimasa, et al. "Development of high strength hot-rolled sheet steel consisting of ferrite and nanometer-sized carbides." ISlJ international 44.11 (2004): 1945-1951.
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Ti segregation
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18
6) S. Basu, N. Obando, A. Gowdy, |. Karaman, M. Radovic, Long-Term Oxidation of Ti2AIC in Air and Water Vapor at 1000-1300°C Temperature Range, J Electrochem Soc. 159 (2011) C90-C96
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