Journal of the KSTLE Vol. 25, No. 4, August 2009, pp. 250~255
The Korean Society of Tribologists & Lubrication Engineers

X235 e wHo itsiet =gl o1 sS4

0|5Y - o|HS* - MUY~

AudstE A2 TR, <GPS 7)A T

Oxidation and Fretting Wear Characteristics of Zirconium
Alloy Tubes

Ho-Seong Lee, Myungho Lee* and Ilsup Chung*'

Materials Science and Metallurgical Engineering, Kyungpook University
*School of Mechanical Engineering, Yeungnam University
(Received June 20, 2009; Revised July 2, 2009; Accepted July 10, 2009)

Abstract —Oxidation characteristics of Zirlo and Zircaloy-4 tubes, which are widely used as nuclear power fuel
cladding, are studied in steam environment up to 1200°C. Oxidation resistances are compared in terms of the
mass increase due to the absorption of oxygen. The evolution of microscopic structure accompanied with the oxi-
dation process is investigated. Also, the influence of oxidation on the fretting wear characteristics of the tubes
is studied. Piezo-electrically actuated rig is employed to fret the tubes with cross-contacting arrangement. Wear
scar is observed and measured, by using microscopes and a 3D-profiler. The results of fretting wear are quan-
tified in terms of scar size, wear volume and wear coefficient, and compared for the three different tube materials
of oxidated Zirlo, virgin Zirlo and Zircaloy-4.
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Table 1. Chemical composition of tested tubes(wt%)
Nb Sn Cr Fe Zr
Zircaloy-4 - 1.6 0.1 0.2 Bal.
Zirlo 1.8 1.2 - 0.1 Bal.
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Fig. 1. Oxidation Behaviors of Zirlo and Zircaloy-4 in
the Temperature Range of 700~1200°C.
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Fig. 2. Microstructure of the Zircaloy-4 for Each Oxida-
tion Temperature(A; ZrO, layer, B; a-Zr(0) layer, C;
o-Zr(0) incursions into B-Zr, D; prior B-Zr).
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Fig. 3. Microstructure of the zirlo with for each oxidation
temperature(A; ZrO; layer, B; o-Zr(0) incursions into -
Zx, C; prior B-Zr).
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Fig. 4. Schematic for fretting wear test rig employing
piezoelectric actnator.
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Fig. 5. Measurement of the thickness of the oxide layer
in zirlo tube oxidized at 900°C.
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Fig. 8. Section profile of 960°C oxidated zirlo tube at
the wear scar.
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(b) 6m (c) 9m

Fig. 9. SEM micrographs of 900°C oxidated zirlo for
each total sliding distances(Top: x100, Bot.: x600).
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Fig. 10. SEM micrographs of zirlo for each total sliding
distances(Top: x100, Bot.: x600).
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