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Abstract: Zirconium alloy cladding tubes, as key nuclear structural materials, are of great significance for the safety and ser-
vice life of nuclear reactors due to their properties and organization. In this paper, the chemical composition, organizational
properties and endface quality of imported zirconium alloys, domestic zirconium alloys and domestic new zirconium alloys
are analyzed and studied by inductively coupled plasma emission spectrometer/mass spectrometer, scanning electron micro-
scope, microhardness tester, and optical three-dimensional profilometer and other equipments. The results show that: the in-
ternal Fe and Sn elements of the new domestic zirconium alloys are higher than those of the imported zirconium alloys and
domestic zirconium alloys; the grains of the three types of zirconium alloys are fine and uniform; the second phase is mainly
the Zr-Nb-Fe phase, and the distribution of particles of the imported zirconium alloys compared to the domestic two types of
zirconium alloys is more uniform and fine; the tensile strength and hardness of the domestic zirconium alloys are higher than
the remaining two types of alloys, and the elongation at break is lower than that of the remaining two types of alloys. The
tensile strength and hardness of domestic zirconium alloy are higher than the other two alloys, and the elongation after break
is lower than the other two alloys. The end face roughness of imported zirconium alloys is better than that of the remaining

two domestic zirconium alloys. The above study is expected to provide theoretical basis for the subsequent quality control of
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weld formation, analysis of joint defect formation mechanism and optimization of welding process parameters for zirconium

alloy casing pipe materials.
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Table 1 Chemical composition of three types of zirconium alloy casing
tubes (wt. %)

g s Fe Sn Zr Nb
PO 4 0.278 0 0.4347 98.645 2 0.5013
A4 0.3012 0.5305 98.516 6 0.5100

Er=ies a4 03024 0.484 0 98.543 8 0.5277
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Table 2 Three kinds of zirconium alloy pipe grain size statistics

—_— LB B T SRR
/um /um
HEFEE A 4 634.92 264 481
64 634.40 260 488
RS A 4 634.68 258 492
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Fig. 1 Microstructure of three zirconium alloy tubes
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Fig. 2 SEM image of imported ZIRLO alloy
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Fig.3 SEM images of domestic ZIRLO alloy
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Fig.4 SEM images of the new domestic Zr alloy
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Fig. 5 Mechanical properties of three kinds of zirconium alloy pipes
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Fig. 6 Stress-strain curves of three kinds of zirconium alloy tubes
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Fig. 8 Roughness of end face Sa diagram

(a.b.c.d) W EEE4; (e f g W) MEF=EEE 4 G kD MEF= RS 4
9 AEMNET=f#EHELE8FEMHESEOSEM

Fig. 9 SEM images of the original orifices of the three zirconium alloy casing tube materials at different positions
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Table 3 Test values of end face roughness Sa
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