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A Study on the Laser Beam Weldability Using Zircaloy-4 Cladding Tube
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Abstract

Corrosion and tensile properties of zircaloy-4 cladding tube having a laser welding part in elevated temperature are
studied to present the criterion of quality evaluation in nuclear reactor and find the scientific basis of SCC, with laser
welding method using by coupling up cladding tube to end cap. In the result of tensile test(4007), the fracture is not
happened in the welding part but base metal and the result of corrosion test(400°C 1500psi steam), corrosion rate of
the molten zone and PMZ is a little higher than the other zone.
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Table 1 Chemical composition of Zicaloy-4(wt%)

Sn Fe Cr 0 Zr

1.5 0.21 0.1 0.1 bal

Table 2 Physical properties of Zirconium

Atomic number 40
Atomic weight 91.22

Density (g/cr) 6.50
Lattice a@Phase(862 T Above) HCP
structure B Phase(862 T Below) BCC
Melting point(C) 1,852
Boiling point(C) 3,580

Thermal conductivit

20C(cal/cm-sec-TC )y 0.040

Table 3 Variation of laser welding

Pulse width | Voltage | Frequency)Calory{ Power
(ms) V) (Hz) J) (W)
Virgin - - - -
5 290 7 24 168
7 280 7 28 196
10 280 7 33 231
15 290 7 36 252
19 286 7 38 266
KERf 5 55204 $6%. 20024 128

Micro-vickersd=(3}% 100g)E S sI%t).
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Fig. 1 Schematic of furnace inside

Table 4 Corrosion specimens

f:;:ﬁ Vo(l;cla;ge Laser power(W) Quantity

virgin| 0 0 10(No.001~010)
S5ms 290 24JXTHz=168 | 10(No.101~110)
10ms | 280 30X 7Hz=210 | 10(No.201~210)
19ms| 286 38JXTHz=266 | 10(No.301~310)
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Fig. 2 Autoclave & control panel
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Fig. 3 Micro-vickers hardness values

Table 5 Distribution of welding part{mm)

Pulse | Welding | Fusion| PMZ HAZ
width | zone | zone | (L/R) (L/R)
Bms 3.8 1.65 | 0.3/0.5 | 7.05/0.6
Tms 4.0 1.75 | 0.4/0.4 0.9/1.2
10ms 4.5 1.60 { 0.3/0.4 | 0.85/0.7
15ms 4.5 1.85 | 0.4/0.5 | 0.9/0.85
19ms 45 2.00 | 0.4/0.5 0.8/0.8
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Fig. 4 Microstructure of laser welding part(19ms)
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Fig. 5 Stress-strain curves
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Table 6 Tensile properties of Zr-4 welded tube

Welding Tensile stress Elongation
variation (MPa) (%)
virgin 304 32
5ms 359 26.2
Tms 363 25
10ms 383 22
15ms 336 23.7
19ms 355 24

Fig. 6 Fracture type after tensile test
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Fig. 7 Fracture surface after tensile test
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Fig. 8 Corrsoin behavior of Zr-4 having a laser
welding part
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Fig. 9 Shape of oxide film (F.Z & PMZ)
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