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Microstructure and Heat Transfer Performance of Al-9Si—xCu Alloys for
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Abstract: The effect of Cu on the microstructure and heat transfer properties of Al-9Si alloys achieved by water-cooled
copper mold casting has been investigated. The results show that the decreasing trend of thermal conductivity with various
Cu contents is different. When the Cu content increases from 0 to 0.83%, the presence of Cu in the matrix as a replacement
solid solution causes lattice distortion and increases the chance of free electron scattering, deteriorating the thermal
conductivity from 164.54 W/(m-K) to 149.02 W/(m-K). As the Cu content increases from 0.83% to 2.00%, the added Cu
reaches the saturated state and exists as a Cu-rich phase in the matrix, which has relatively little effect on the thermal
conductivity. When the Cu content exceeds 2.65%, Cu-rich phases grow further and decrease in number. The changes in
morphology, number and distribution of Cu-rich phases are conducive to free electron transport, thus slowing down the
decrease in thermal conductivity with increasing Cu content.
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Tab.1 Composition of experimental alloys a-Al( ). Si( ) . Cu
Alloy No. Mass fraction/% ’ Si
cu S Fe Al : Cu 0.83%
1 0 8.42 0.11 Bal. .
2 0.83 8.49 0.11 Bal. ( ’ ) Si
3 1.42 8.22 0.13 Bal. ’ ( l@a=b); Cu
4 2.00 8.24 0.12 Bal. 1.42% , Si
5 2.65 8.44 0.11 Bal. s ( 1(c~D),
6 3.14 8.42 0.12 Bal. Cu Si
1.2 , Image-Proplus 6.0
, 600#,1000#.2000# .3000#  5000# , 2 o 2
) , Cu , Si

1

Si

Fig.1 Eutectic Si phase of experimental alloys
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Tab.2 Temperature—cooling time data during solidification
of experimental alloys

o s s
Fig.2 Form factor of eutectic Si in experimental alloys 410.5 685
2.2 411.0 6356
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Cu i 412.0 605
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Cu 0.83% 413:5 556
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Fig.3 Test results of thermal conductivity of experimental alloys
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4 XRD
Fig.4 XRD patterns of the experimental alloys
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Fig.5 Trends of thermal conductivity and lattice constant of
experimental alloys
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Fig.6 Mechanism of Cu solid solution on the free electrons
scattering behavior in Al matrix
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Fig.7 SEM result of Al-9Si-2.65Cu alloy
3 Al-9Si-2.65Cu EDS % ( )
Tab.3 EDS results of Al-9Si-2.65Cu alloy
No. Al Si Cu Fe
1 65.42 8.28 15.24 11.06 Al;SiCu,Fe
2 65.29 34.71 Al,Cu
Cu

, 10
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Fig.8 Scanning electron microscopy results of experimental alloys
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Fig.9 Number, total area and mean size of Cu-rich phase of experimental alloys
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