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Effect of Heat Treatment and Testing Temperature on Burst Strength of Low Tin
Zry-4 Fuel Cladding
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Abstract

The tube burst tests were conducted on low tin Zircaloy-4 claddings in order to obtain
preliminary perspectives on the deformation behavior and burst characteristics by
changing final annealing conditions (.e., stress-relieved and recrystallized) and test
temperatures (i.e., room temperature to 5007C). The ultimate hoop stress of
stress-relieved tube was exhibited higher than that of the recrystallized at all test
temperatures, and the uniform burst elongation and total circumferential elongation were
exhibited vice versa. The inflection point was observed on the elongation of the
stress-relieved tubes at around 3007C, while the recrystallized sample showed the
maximum elongation at around 400C. The burst mechanism was believed to be occured
by pinhole fracture that caused by the local stress concentration at a small crack after
uniform deformation behavior until ultimate strength.
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Table 1 Chemical composition of low Sn Zry-4 cladding

element
(Wt%) Sn Fe Cr 0 Si C Zr
alloy I.D
DNUbG1 1.31 0.22 0.12 0.131 0.0092 0.016 bal.

Photo 1. Burst testing apparatus with Zircaloy-4 cladding and thermocouple for
the closed-end burst test : (a) control panel, (b) ruptured Zircaloy—4
cladding
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Fig. 1 Ultimate burst strength versus burst temperature of low Sn

Zircaloy—-4 cladding
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Fig. 2 Uniform burst elongation as function of burst temperature

of low Sn Zircaloy-4 cladding
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Fig. 3 Total circumferential elongation as a function of burst temperature

of low Sn Zircaloy-4 cladding
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Fig. 4 Stress Versus curves of low Sn Zircaloy-4 cladding with heat

treatment at room temperature



Photo 3. Overall view of ruptured low Sn Zircaloy-4 claddings with pressurization rate

of 50 bar/min in Ar gas as a function of burst temperature
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Fig. 5 Optical microstructures of low Sn Zry—4 cladding as a function of
heat treatment : (a) stress relieved(496°C —4hrs) and (b)recrystallized
(580°C - 4hrs) specimens



Fig. 6 SEM fractographs of low Sn Zry—4 cladding of recrystallized specimen at
580°C for 4hrs with testing temperature after burst test : (a) RT, (b) 300, (c)
350, (d) 400, (e) 450 and (f)500°C
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Fig. 7 SEM fractographs of low Sn Zry—4 cladding of stress relived specimen
at 496°C for 4hrs with testing temperature after burst test : (@) RT, (b)
300, (c) 350, (d) 400, (e) 450 and (f) 500°C
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Fig. 8 SEM fractograghs of low Sn Zry—4 cladding after tensile test at room
temperature : (a)stress reliived and (b) recrystallized specimen
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Photo 2. SEM fractograph and ruptured low Sn Zircaloy—4 Cladding
after burst test at 500°C
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