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Effects of Cooling Rate on Phase Structure and Mechanical Properties of
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Abstract; An Al-2Cu-5Ni alloy only containing a-Al and Al;CuNi phases as equilibrium solidification structure was
designed by thermodynamic phase diagram calculation, and effects of cooling rate on microstructure and mechani-
cal properties of as-cast Al-2Cu-5Ni alloy were investigated. The results indicate that the grain size is decreased
with cooling rate increase. The morphology of Al; CuNi phase is transformed from fish-bone cluster to particle
cluster as the cooling rate increasing from 3.05 C /s to 5.58 C /s, which is converted to short strip form with cool-
ing rate further increasing to 9.08 ‘C/s. Meanwhile, the tensile strength and elongation at room temperature reach
the maximum value, which is 218 MPa and 16.15% , respectively. The minimum steady-state creep rate is a-
chieved at 350 °C under the stress of 25 MPa, which is 2.56 X107° s™', and creep mechanism is dislocation climb-
ing. The tensile strength, elongation and creep resistance of the alloy are improved by 11% . 37% and 96%,
respectively, compared with those of the alloy prepared at cooling rate of 3.05 °C/s.
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Fig.1 Calculation of ternary phase diagram of Al-Cu-Ni alloy
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Fig.2 XRD patterns of Al-2Cu-5Ni alloy prepared at

different cooling rates
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Tab.2 Cu and Ni contents in alloys with different

cooling rates
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Fig.3 SEM images of Al-2Cu-5Ni alloy
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Tab.3 Statistics of structure and grain size of different

alloys
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Tab.4 Mechanical properties of Al-2Cu-5Ni cast alloys

WHHRE/CC s D PUBisRE/MPa B/ MPa iR/ %
3.05 196 165 11.75
5.58 214 171 12.90
9.80 218 176 16.15
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Tab.5 Solid solution strength of Cu and Ni atoms in as-cast

Al-2Cu-5Ni alloy matrix

BHHEFK/(C +s71)  Asca/MPa Ao i/ MPa Ao/ MPa
3.05 16.3 7.9 24.2
5.58 19.2 5.5 24.7
9.80 16.8 7.9 24.7
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Tab.6 Yield strength increment of as-cast Al-2Cu-5Ni alloy
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Tab.7 Strengthening effect of the second phase
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Tab.8 Creep stress index of as-cast AlI-2Cu-5Ni alloy
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