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Abstract

From the experiments performed in this study in the temperature range from 45
0C to 550TC, the following results have been obtained. When the load was applied in
the initial stage under the experimental conditions (i.e., temperature range from 450TC
to 550C, pressure from bMPa to 80 MPa and pressure time from 1 to 180 minute),
the asperities formed on the surface were plastically deformed and the oxidation
layers were damaged. As the more bonding proceeds, the parts that were not
contacted in the initial stage contained thin, long voids and these voids appear to be
of spherical shapes in order to stabilize the interfacial energy. With the extensive
bonding achieved, the voids are gradually eliminated due to the grain boundary
diffusion. Ascribing to the reduction of voids created in the crystalline parts by
intergranular diffusion, bonding has been finally achieved. Two methods were
proposed to remove the oxidation layers of aluminum for the purpose of improving
bonding of Zr matrix and Al cladding material. Firstly, it is noted that, by increasing
pressure, oxidation layers on the surface were damaged. Therefore, as an alternative,
by increasing the surface roughness of Zr, the asperities on the bonding surface were
large, and therefore, the oxidation layers on the surface were severely damaged,
resulting in the improvement of bonding mechanism. From the performance of the
thermal treatment, the presence of two continuous phases, i.e., A33Zr phase and AlZr
phase, was assured by performing EDAX analysis. The growth of intermetallic
compound was observed as an important phenomenon to understand the reaction at
the interface between Zr matrix and Al cladding material. Thermal stability was

evaluated under the bonding temperature to be about 155 kJ/mol for the activation

energy.
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Fig. 1. (a) Schematic diagram of Zr and Al plate and (b) schematic diagram of

diffusion bonding process of Zr and Al specimen in vacuum hot press.

Table 1. Surface roughness measured by alpha step 500 surface profiler.

Al Zr
#2000 #2000 #800 #150 #60
Average Rough (nm) 9.83 456.5 675.6 748.0 979.2
Valley to Peak (xm) 0.689 2.707 4.468 4978 9.096




Fig. 2. Microstructures of Al/Zr bonded interface at 550C for (a) 10minutes, (b)
30minutes, (¢) lhr and (d) 3 hrs under pressure of 10MPa.
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Fig. 3. Variations of bonding efficiency between Al and Zr with varying the diffusion
bonding temperature and pressure.
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Fig. 4. Variations of bonding efficiency between Al and Zr with varying the diffusion

bonding temperature and pressure at 1 minute bonding time.
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Fig. 5. Variations of bonding shear strength with varying the bonding time at

different the bonding temperature and pressure.
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Fig. 6. Variations of bonding shear strength with varing (a) the temperature and (b)

surface roughness.

(e) (f)
Fig. 7. Microstructures of Zr/Al interface with varying the heat treatment time in the
heat treatment temperature at 550C. (a) 36hr, (b) 4%hr, (c) 8lhr, (d) 100hr, (e) 200hr
and (f) 400hr.
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Fig. 8. Microstructures of Zr/Al interface with varying the heat treatment time in the
heat treatment temperature at 500°C. (a) 49hr, (b) 8lhr, (¢) 200hr and (d) 400hr.
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Fig. 9. The variation of reaction thickness of intermetallics layer with increasing heat

treatment time at 500C and 550C.
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Fig. 10. The variation of reaction thickness of intermetallics layer with increasing

heat treatment time at 500°C and 550C.
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Fig. 11. The calculation of activation energy for intermetallics layer growth between
Al and Zr.
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