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Embrittlement Behavior of Zirconium Alloy in Quenching Heat Treatment

Jun Hwan Kim, Jong Hyuk Lee, Byoung Kwon Choi and Yong Hwan Jeong
Zirconium Fuel Cladding Development Team, Korea Atomic Energy Research Institute, Daejeon 305-353, Korea

Abstract Study was focused on the quenching embrittlement property of Zircaloy-4 cladding simulated Loss Of
Coolant Accident (LOCA) environment in terms of high temperature oxidation and phase transformation. Prop-
erty in LOCA condition of advanced cladding that contained Nb element was also investigated. Claddings were
oxidized at given temperature and given time followed by water quenching. The results showed that § phase
which formed at quenching stage has an influence on cladding property. In case of advanced cladding, Nb
retards cladding oxidation, thus enhances quenching resistance.
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Table 1. Chemical Composition of experimental alloys

Nb Sn Fe { Cr| O | Zr

Zircaloy-4 | - 13 | 021 | 0.1 |0.13 bal.
A 1.0 1.0 0.1 - - | bal.
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Fig. 1. Experimental setup for LOCA Quenching facility.
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Fig. 2. Schematic illustration of ring compression test.
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Table 2. Test matrix of this study
Time(s) TempCCY 19000 | 1050 | 1100 | 1125 | 1150 | 1175 1200 1225 | 1250
500 O O O O O O O
1000 O O O O O O O O O
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2000 O O @] O O O O O
3000 O O O O O O O
5000 O o) O )
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Fig. 3. Cross section of oxidized Zircaloy-4; (a) Schematic
diagram of oxidized Zircaloy-4 cross section (b) Cross
section of oxidized Zircaloy-4 and (c) Zirlo for 3000sec at
1100°C.
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Fig. 4. Microhardness and oxygen concentration of
oxidized Zircaloy-4 claddings at 1100°C.
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Fig. 6. Ring compression test results of Zircaloy-4 wit.
various oxidation temperature and time. Open symbol
represent specimen that survived during wate
quenching, closed symbols failed.
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Fig. 7. Failure map of Zircaloy-4 cladding tube in wat
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specimen that survived during water quenching, close
symbols failed.
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