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High Temperature Oxidation of Nuclear Fuel Claddings
in the LOCA Temperature range
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Abstract

High-temperature oxidation of zircaloy-4 was examined to obtain oxidation
behaviors of under the isothermal and heating conditions. Steam oxidation 1is
primarily occurred on outer surface of the fuel cladding. Oxidation Kinetics were
evaluated by TGA (themogravimetric alysis) method in the temperature range of
600 to 1300C. The kinetics of weight gain was mainly due to surface oxidation
with steam. From these experimental results, the paraboric rate constants were
evaluated from the measured weight gain. The discontinuity is attributed to a
change in the oxide microstructures at the discontinuity temperature range of
950-1000C, which was consistent with the phase transformation of

zirconium-oxygen system.
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Table 1. Factors of A and E for the paraboric rate constant

(Kp=A exp(-E/RT)) in Zircaloy-4 steam oxidation

Temperature 2, 4

range( ) A(mg“/cm®/s ) | E(kcal/mole) | Ref.
1300-1750 1.49 X 108 50.3 2
1000-1700 3.94 X 10° 33.2 3
1000-1850 3.33 X 107 45.5 4

Room 5.52 X 104 29.0 5

temp.-890

890-1577 3.58X 10° 33.5 5
1577-1850 1.04 X 101t 78.8 5

871-1482 3.10 X 10° 33.4 6

Table 2. Chemical composition of Zircaloy-4 cladding tube (wt.%)

Sn

Fe

Cr

O

Zr

1.3

0.2

0.1

0.12

Bal.




Balance
mechanism

Furnace

Gas or Steam
Exhaust

Fig.1 Apparatus for the high temperature oxidation by thermogravimetric analysis
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Fig.2 Oxidation of Zircaloy-4 as a funtion of steam flow rate at 1000
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Fig.4 Weight gain of Zircaloy-4 by the TGA and weight

methods after the oxidation tests in air
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Fig.5 Surface appearance of Zircaloy-4 after the oxidation tests in air
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Fig.6 Microstructure of Zircaloy specimens oxidized in air;
(@700 , (b)950 , (c)1100
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Fig.7 Isothermal oxidation of Zircaloy-4 in steam
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Fig.8 Weight gain of Zircaloy-4 by the TGA and weight

methods after the oxidation tests in steam
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Fig.9 Surface appearance of Zircaloy-4 after the oxidation tests in steam
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Fig.10 Microstructure of Zircaloy specimens oxidized in steam;
(@)700 , (b)800 , (c)900 , (d)1000 , (e)l100 , (H1200
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Fig.11 Paraboric rate constant of Zircaloy-4 in air
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Fig.12 Paraboric rate constant of Zircaloy-4 in steam
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