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Fig.1 Cross-section morphologies of the Zr-Sn-Nb alloy exposed to 1200 ‘C steam for different periods: (a) 300 s, (b) 1800 s, (c) 2400 s,

and (d) 3000 s
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Fig.2 Widths of a-Zr in Prior-g layer of Zr-Sn-Nb alloy after steam
oxidation at 1200 °C for different time
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Fig.4 Hydrogen pickup fraction in matrix of Zr-Sn-Nb, M5%Y and Zr-4" alloys under various steam oxidation conditions (Fig.4b is a magnified
image of the marked area in Fig.4a)
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Zr-Sn-Nb alloy after steam oxidation at 1200 “C for 2400 s
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Microstructure of Zr-Sn-Nb Alloy After 1000~1250 °C Steam Oxidation

Zhang Yao', Ying Wenging®, Cheng Zantin, Zhang Feng®, Wang Yanfeng?, Wang Shaopeng?, Zhang Chengyu®
(1. NPU-SAS Joint Research Center, School of Materials Science and Engineering, Northwestern Polytechnical University, Xi’an 710072, China)

(2. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: During the loss-of-water accident in the nuclear reactor, the high-temperature steam can react with the Zr alloy cladding tube and lead to
oxidation of the Zr alloys, which leads to the embrittlement and fracture of the cladding tube. The process is closely related to the microstructural
evolution of the Zr alloys. In order to reveal the embrittlement mechanisms of the Zr-Sn-Nb cladding tube, the steam oxidation experiments of Zr-
Sn-Nb alloy at 1000~1250 °C were performed. The microstructure was investigated by optical microscope, scanning electron microscope and
transmission electron microscope. The hydrogen content was identified by oxygen, nitrogen and hydrogen analyzer. The results show that the Zr-
Sn-Nb alloy can be oxidized into three layers, including ZrO,, a-Zr(O) and Prior-4. The thicknesses of ZrO, layer and a-Zr(O) layer increase with
increasing oxidation time, meanwhile, the number of cracks increases in a-Zr(O) layer. The lath -Zr phase of the Prior-# layer is transformed into
sheet-like a-Zr phase and grain width of a-Zr phase becomes larger when the alloy is exposed to longer steam oxidation time. Loose ZrO, layer
with a large number of transverse cracks can be formed in 1000 °C steam, while dense ZrO, layer can be observed at higher temperatures. H
content of the Zr-Sn-Nb alloy matrix increases with the oxidation time. The hydrogen pickup of the Zr-Sn-Nb alloy matrix is much higher at
1000 <T steam than those at other temperatures. The orientation relationship between the o-Zr matrix and the hydride is (0002),.2://(202).2rH1.66
and [2110],-2//[011]s-zH1.66 in 1000 °C steam, and (0002),.z://(220)s.zch1.66 and [0110]5-ze// [111]5.zr111.66 in 1200 °C steam.
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