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Abstract

The effects of heat-treatment at 590 and 700°C on the microstructure of extruded
rod were investigated. The interface between metallic fuel (Zr-U alloy) and cladding
(Zr-Nb alloy) showed a metallurgical bonding without any defaults. The Zr-U fuel
composed of two phases: a-Zr and &-UZro. The heat-treatment at 590C for up to
4000 hours induced a change in the morphology of a-Zr phase from long aligned
shape to round one. However, the heat-treatment at 700C for 4000 hours provided a
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time. The thickness of reaction layer between core and cladding increased with
U-Zr ©°]

significant change in the microstructure of Zr-U alloy; the a-Zr phase revealed to
dissolve into the matrix of UZre phase, reducing the area fraction of a-Zr phase with
increasing the heat-treatment time and became thicker at 700C than at 590TC. It
would be attributed to the increase of diffusion-reaction rate with temperature.
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Fig. 1. Phase diagram of U-Zr binary alloy system [12].



(a) (b)
Fig. 2. Microstratures of as-extruded rod: (a) U-Zr alloy and (b) interface
between U-Zr fuel and Zr-Nb cladding.
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Fig. 3. X-ray diffraction pattern of U-Zr alloy.



(a) (b)

(c) (d)
Fig. 4. SEM-BEI images of water—quenched U-Zr alloy after heat-treatment
at 590C for (a) 500, (b) 1000, (¢) 2000 and (d) 4000 hrs.

(Wt%)
Mark U /r
A 52.45 4755
B 52.51 47.49
C 2.40 97.60
D 0.44 99.56
E 83.11 16.89
F 75.15 24.85

Fig. 5. SEM/EDS results of U-Zr alloy after heat-treatment at 590C for 4000h.



(a) (b)

(c) (d)
Fig. 6. SEM-BEI images of water—quenched U-Zr alloy after heat-treatment
at 700C for (a) 500, (b) 1000, (¢) 2000 and (d) 4000 hrs.

(wt%)

Mark U Zr
A 1.23 98.77
B 1.27 98.73
C 1.28 98.72
D 45.94 54.06
E 46.98 53.02
F 46.18 53.82

Fig. 7. SEM/EDS results of U-Zr alloy after heat-treatment at 700C for 4000h.



(Wt%)

Mark U 7r
A 39.25 60.75
B 39.55 60.45
C 41.10 58.90

Fig. 8. SEM/EDS results of U-Zr alloy after heat-treatment at 1000C for 18h.

intensity (a.u.)

30

Fig. 9. X-ray diffraction patterns of U-Zr alloy after heat-treatment at

1000C for 18hrs.
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Fig. 10. Variation of area fraction of a-Zr phase with

time.
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Fig. 11. X-ray diffraction patterns of U-Zr alloy after heat-treatment at
590, 700C for 4000hrs and 1000°C for 18hrs.
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(b)

(c) (d)
Fig. 12. SEM-BEI images of water quenched U/Zr-Zr/Nb interface after
heat-treatment at 590C for (a)500, (b)1000, (¢)2000 and (d) 4000 hrs.

(a)

(c) (d)
Fig. 13. SEM-BEI images of water quenched U/Zr-Zr/Nb interface after
heat-treatment at 700C for (a)500, (b)1000, (c)2000 and (d) 4000 hrs.
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14. Variation of concentration of alloying elements with time in the interface
between Zr-U fuel and Zr-Nb cladding (a) 590°C and (b) 700C.

250

200

150

100

Distance (um)

50

0 L 1 L 1
0 1000 2000
Time (h)
15. Variation of thickness of leaction layer with time in the interface
between Zr-U fuel and Zr-Nb cladding 590C and 700TC.
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