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Abstract Effects of Sc addition on microstructure, electrical conductivity, thermal conductivity and mechanical properties of
the as-cast and as-extruded Al-2Zn-1Cu-0.3Mg-xSc (x = 0, 0.25, 0.5 wt%) alloys are investigated. The average grain size of
the as-cast Al-2Zn-1Cu-0.3Mg alloy is 2,334 pm; however, this value drops to 914 and 529 pm with addition of Sc element
at 0.25 wt% and 0.5 wt%, respectively. This grain refinement is due to primary Al;Sc phase forming during solidification. The
as-extruded Al-2Zn-1Cu-0.3Mg alloy has a recrystallization structure consisting of almost equiaxed grains. However, the as-
extruded Sc-containing alloys consist of grains that are extremely elongated in the extrusion direction. In addition, it is found
that the proportion of low-angle grain boundaries below 15 degree is dominant. This is because the addition of Sc results in
the formation of coherent and nano-scale Al;Sc phases during hot extrusion, inhibiting the process of recrystallization and
improving the strength by pinning of dislocations and the formation of subgrain boundaries. The maximum values of the yield
and tensile strength are 126 MPa and 215 MPa for the as-extruded Al-2Zn-1Cu-0.3Mg-0.25Sc alloy, respectively. The increase
in strength is probably due to the existence of nano-scale Al;Sc precipitates and dense Al,Cu phases. Thermal conductivity of
the as-cast Al-2Zn-1Cu-0.3Mg-xSc alloy is reduced to 204, 187 and 183 W/MK by additions of elemental Sc of 0, 0.25 and
0.5 wt%, respectively. On the other hand, the thermal conductivity of the as-extruded Al-2Zn-1Cu-0.3Mg-xSc alloy is about
200 W/Mk regardless of the content of Sc. This is because of the formation of coherent Al;Sc phase, which decreases Sc content
and causes extremely high electrical resistivity.
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Table 1. Chemical composition of the Al-2Zn-1Cu-0.3Mg-xSc
alloys used in the experiment (wt%)

Element (wt%)
Al Zn Cu Mg Sc

Alloy

Al-2Zn-1Cu-0.3Mg Bal. 2 1 0.3 -
Al-2Zn-1Cu-0.3Mg-0.25Sc  Bal. 2 1 03 025
Al-2Zn-1Cu-0.3Mg-0.5Sc  Bal. 2 1 0.3 0.5
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Fig. 1. Phase diagram of the Al-2Zn-1Cu-0.3Mg-xSc alloy (a) and
phase fraction of the Al-2Zn-1Cu-0.3Mg-0.25Sc (b), and Al-2Zn-
1Cu-0.3Mg-0.5S¢ (c).
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Fig. 2. Image quality map and Inverse pole figure map of the as-
cast Al-2Zn-1Cu-0.3Mg (a), Al-2Zn-1Cu-0.3Mg-0.25Sc (b), and
Al-2Zn-1Cu-0.3Mg-0.5Sc (c) alloys obtained from the EBSD
analysis.
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Fig. 3. SEM images of the as-cast Al-2Zn-1Cu-0.3Mg (a), Al-2Zn-1Cu-0.3Mg-0.25Sc (b), Al-2Zn-1Cu-0.3Mg-0.5Sc ((c) and (d)) and EDS
measuring points spot 1 (e) and spot 2(f) of the as-cast Al-2Zn-1Cu-0.3Mg-0.5Sc alloy.

Fig. 4. SEM images of the as-extruded Al-2Zn-1Cu-0.3Mg (a), Al-2Zn-1Cu-0.3Mg-0.25Sc (b), Al-2Zn-1Cu-0.3Mg-0.5Sc ((c) and (d)) and
EDS measuring points spot 1 (e) and spot 2(f) of the as-cast Al-2Zn-1Cu-0.3Mg-0.5Sc alloy.
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Fig. 5. TEM images of the as-casted Al-2Zn-1Cu-0.3Mg-0.5Sc alloy : Bright field images ((a) and (b)), SAED pattern (c) and elecment
mapping (d).

Fig. 6. Inverse pole figure maps of the as-extruded Al-2Zn-1Cu-0.3Mg (a), Al-2Zn-1Cu-0.3Mg-0.25Sc (b), and Al-2Zn-1Cu-0.3Mg-0.5Sc
(c) alloys obtained from the EBSD analysis.
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Fig. 7. ODF maps of the as-extruded Al-2Zn-1Cu-0.3Mg (a), Al-2Zn-1Cu-0.3Mg-0.25Sc (b) and Al-2Zn-1Cu-0.3Mg-0.5Sc (c) alloys.
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Fig. 8. Mechanical properties of the as-extruded Al-2Zn-1Cu-
0.3Mg-xSc (x = 0, 0.25, 0.5 wt%) alloys.
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Fig. 9. Electric conductivity and thermal conductivity of the as-cast
(a) and as-extruded (b) Al-2Zn-1Cu-0.3Mg-xSc (x = 0, 0.25, 0.5
wt%) alloys.
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Table 2. Electric conductivity and thermal conductivity of the as-
cast (a) and as-extruded (b) Al-2Zn-1Cu-0.3Mg-xSc (x = 0, 0.25,
0.5 wt%) alloys

Electric Thermal
Alloy conductivity conductivity

(%IACS) (W/mk)
Al-2Zn-1Cu-0.3Mg As-cast 51 204
Al-2Zn-1Cu-0.3Mg-0.25Sc 46 187
Al-2Zn-1Cu-0.3Mg-0.5Sc 45 183
Al-2Zn-1Cu-0.3Mg As- 50 200
Al-2Zn-1Cu-0.3Mg-0.25Sc  extruded 49 197
Al-2Zn-1Cu-0.3Mg-0.5Sc 50 200
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