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Zircaloy-4 Zr-Sn-Fe-Nb
High Temperature Deformation of Zircaloy-4 and Zr-Sn-Fe-Nb Ally Cladding Tubes
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Abstract

In order to investigate the effect of dynamic strain aging on the high temperature deformation behavior
of Zircaloy-4 and Zr-Sn-Fe-Nb nuclear fuel claddings, high temperature mechanical testing was
carried out over the temperature range 298 798K. The strengths of Zr-Sn-Fe-Nb claddings were
greater than those of Zircaloy-4 over the whole temperature range with the ductilities of Zr-Sn-Fe-Nb
claddings dlightly lower then those of Zircaloy-4. The plateau of the stragth was observed in both
Zircaloy-4 and Zr-Sn-Fe-Nb claddings although the plateau behavior was more pronounced in Zr-Sn-
Fe-Nb claddings. The loss of the ductility associated with dynamic strain aging was observed in the
same temperature range where the plateau was observed. SEM observation revealed that the fracture
surfaces of both Zircaloy-4 and Zr-Sn-Fe-Nb claddings were ductile irrespective of strain rate and
temperature The predicted yield strength and elongation were in good agreement with the
experimental data, supporting that the yield stress plateau and the ductility loss are associated with
dynamic strain aging
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Table. 1 Chemical composition of Zr alloy

Sn Fe Cr Nb O Zr
Zircaloy-4 133 0.21 0.1 - 0.08 Bal.
Zr-Sn-Fe-Nb 0.7 0.74 - 11 0.13 Bal.




Figures caption

Fig. 1 Schematic configuration of tensile testing sample and grip.

Fig. 2 Variationsin yield stress of Zircaloy-4(a) and Zr-Sn-Fe-Nb(b) nuclear fuel claddings.

Fig. 3 Variationsin UTS of Zircaloy-4(a) and Zr-Sn-Fe-Nb(b) nuclear fuel claddings.

Fig. 4 Variationsin elongations of Zircaloy-4(a) and Zr-Sn-Fe-Nb(b) nuclear fuel claddings.

Fig. 5 Fracture surfaces of Zircaloy-4(a, b) and Zr-Sn-Fe-Nb(c, d) nuclear fuel claddings. (a, ¢) room
temperature, (b, d) 400

Fig. 6 Schematic flow stress versus temperature plots. The total flow stress o t consist of two separable
parts.

Fig. 7 The predicted yield strength of Zircaloy-4 claddings plotted with the measured strength.

Fig. 8 The predicted elongation of Zircaloy-4 claddings plotted with the measured €longation.
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Fig. 1 Schematic configuration of tensile testing sample and grip.
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Fig. 2 Variationsin yield stress of Zircaloy-4(a) and Zr-Sn-Fe-Nb(b) nuclear fuel claddings.
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Fig. 3 Variationsin UTS of Zircaloy-4(a) and Zr-Sn-Fe-Nb(b) nuclear fuel claddings.



24
224
o] —®—1.33X10"
-2
—v— 1.33X10
—., 184
=,
o) 164
c
o
w4
124
104
T T T T T T T T T
0 100 200 300 400 500
0
Temp. (C)
@
24
22
—=— 1.33X10™
20 —e—1.33X107
18
£ 164
)
=
O 144
w °o—
. ./ 0\
12 N \ e
E oA \ = o
10 L] \ .).,/
1 l/
8 -
T T T T T T T T T
0 100 200 300 400 500
Temp.(°C)

(b)

Fig. 4 Variations in elongations of Zircaloy-4(a) and Zr-Sn-Fe-Nb(b) nuclear fuel claddings.
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Fig. 5 Fracture surfaces of Zircaloy-4(a, b) and Zr-Sn-Fe-Nb(c,

temperature, (b, d) 400
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Fig. 6 Schematic flow stress versus temperature plots. The total flow stress o t consist of two separable
parts.
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Fig. 7 The predicted yield strength of Zircal oy-4 claddings plotted with the measured strength.
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Fig. 8 The predicted elongation of Zircaloy-4 claddings plotted with the measured elongation.
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