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Abstract

Many studies have been carried out to investigate the effect of a variable Nb and Sn addition on
the corrosion and mechanical properties in the new advanced fuel cladding. But the effect of
alloying elements(Nb, Sn) on the oxidation behaviors of Zr-based alloys in the LOCA temperature
has not been clarified yet. High-temperature oxidation of Nb or Sn containing-Zr alloys under the
steam condition is of great interest because of the importance to nuclear-reactor safety. So, this
study estimated the high-temperature oxidation behaviors of Zr-xNb and Zr-xSn alloys in LOCA
temperature ranges (800~12007C), using a TGA(Themogravimetric analysis) method. The parabolic
rate constants of Zr-xNb alloys were changed at temperature of 1000°C, where the oxide
structures would be transformated from monoclinic-ZrO; to tetragonal-ZrO: In the case of Zr-xSn
alloys, the parabolic rate constants increased with increasing Sn content. After the oxidation tests,
the microstructures of Zr-xNb alloys showed an n-Zr phase like a grain—boundary shape while

those of Zr-xSn alloys revealed wider oxygen-stabilized u-Zr than Zr-xNb alloys.
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Table.1 EDX analysis of Zr-3Nb alloy oxidized at 11000

Spectrum o] Zr Nb Total
S1 2.93 93.74 3.33 100.00
S2 6.92 86.73 6.35 100.00
S3 6.10 88.18 5.72 100.00
S4 5.72 94.28 0 100.00
S5 5.12 94.88 0 100.00
S6 5.30 94.70 0 100.00
S7 5.67 94.33 0] 100.00
S8 5.38 94.62 0 100.00
S9 8.70 88.19 3.11 100.00
S10 16.37 79.66 3.96 100.00

Table.2 WDX analysis of Zr-3Nb alloy oxidized at 11000

Spectrum o) Zr Nb Total
wl 2.557 96.922 0.521 100.00
w2 11.057 | 84.350 4.593 100.00

Table.3 EDX analysis of Zr-1.5Sn alloy oxidized at 11000

Spectrum o] Zr Sn Total
S1 19.98 80.02 0 100.00
S2 20.24 79.76 0 100.00
S3 17.32 82.68 0 100.00
S4 18.99 81.01 0 100.00
S5 18.43 81.57 0 100.00
S6 34.51 64.97 0.52 | 100.00
S7 22.97 75.96 1.07 | 100.00
S8 28.82 70.53 0.65 | 100.00
S9 20.18 79.22 0.60 | 100.00

S10 22.88 76.30 0.82 | 100.00
S11 10.58 89.42 0 100.00
S12 5.74 92.90 1.36 | 100.00
S13 5.09 93.03 1.88 | 100.00
S14 49.50 50.50 0 100.00
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Fig.1 Oxidation behaviors of Zr -based alloys under the steam condition

at the temperatures of 800-12000 ;
(@) Zr—1.5Nb, (b) Zr-3Nb, (c) Zr-0.4Sn, and (d) Zr-1.5Sn
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Fig.2 Surface appearances of Zr —based alloys after the steam oxidation;
(&) Zr—1.5Nb, (b) Zr-3Nb, (c) Zr-0.4Sn, and (d) Zr—1.5Sn
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Fig.3 Microstructures of Zr—1.5Nb after the steam oxidation;
(a) 800, (b) 900, (c) 950, (d) 1000, (e) 1050,
(f) 1100, (g) 1150, and (h) 12000

-9 —



| (Q) | (h)

Fig.4 Microstructures of Zr—3Nb after the steam oxidation;
(a) 800, (b) 900, (c) 950, (d) 1000, (e) 1050,
(f) 1100, (g) 1150 , and (h) 12000
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Fig.5 Microstructures of Zr—0.4Sn after oxidation in steam;
(a) 800, (b) 900, (c) 950, (d) 1000, (e) 1050,
(f) 1100, (g) 1150, and (h) 12000
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Fig.6 Microstructures of Zr—1.5Sn after oxidation in steam;
(a) 800, (b) 900, (c) 950, (d) 1000, (e) 1050,
(f) 1100, (g) 1150, and (h) 12000
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Fig.9 EDX of Zr—1.5Sn alloy oxidized at 11000
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Fig.10 Microhardness of Zr cladding tubes after steam oxidation:
(&) Zr—1.5Nb, (b) Zr-3Nb, (c) Zr-0.4Sn, (c) Zr-1.5Sn
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Fig.11 Arrhenius plots of parabolic constant for the steam oxidation;

(@) Zr—xNb, (b) Zr—xSn
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