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Effect of Sc on as-cast microstructures and
mechanical properties of Al-Zn-Mg-Cu-Zr alloys
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Abstract: The as-cast microstructures and mechanical properties of Al-9.0Zn-2.5Mg-2.5Cu-0.15Zr alloys with and
without Sc were investigated by optical microscope, scanning electron microscope(SEM) and energy spectrum analysis.
The result shows that the addition of 0.20%—0.60%Sc can refine the grain size, change the growth morphology from
dendritic to fine equiaxed grain, and reduce the segregation behavior of Cu. The higher the content of Sc of studied alloys,
the finer the as-cast grain is. The grain size of the alloy with 0.60%Sc is the finest in the experimental alloys. The tensile
strength is enhanced with the increase of Sc. The tensile strength of alloy with 0.60%Sc is 783.9 MPa in T6. The primary
Al3(Sc, Zr) particles precipitate from the melt during solidification is the most effective grain refiner for a(Al) matrix,
which have the same crystal structure of FCC as a(Al) matrix, whose lattice constant is very close to that of a(Al). The
strengthening mechanisms of the alloy are mainly sub-structure strengthening, precipitation strengthening and solution
strengthening caused by Al;(Sc, Zr).
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Table 1 Compositions of alloys(maa fraction, %)

A;Ity Zn Mg Cu Sc Zr Al
A 8.92 2.45 242 - 0.17 Bal.
B 8.90 242 2.45 0.20 0.16 Bal.
C 9.02 2.38 2.52 0.42 0.18 Bal.
D 8.89 2.52 248 0.61 0.17 Bal.
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Fig.1 Microstructures of as-cast alloys: (a) Al-9.0Zn-2.5Mg-2.5Cu-0.15Zr; (b) Al-9.0Zn-2.5Mg-2.5Cu-0.15Zr-0.20Sc; (c)
Al1-9.0Zn-2.5Mg-2.5Cu-0.15Zr-0.40Sc; (d) Al-9.0Zn-2.5Mg-2.5Cu-0.15Zr-0.60Sc
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Fig.2 SEM elemental maps showing distribution of Al and Cu in castings: (a) Associated element Al map of alloy A; (b) Associated
element Cu map of alloy A; (c) Associated element Al map of alloy D; (d) Associated element Cu map of alloy D
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(b) Al (c) Matrix correction: ZAF

Element wi% x/%
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AIK 8630  92.63
ZiL 045  0.14
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Fig.3 SEM image of alloy A in castings and EDS pattern: (a) SEM image of alloy A; (b) EDS pattern of phase in grain boundary; (c)

Chemical compositions of phase in grain boundary
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Fig.4 SEM image of alloy D in castings and EDS pattern: (a) SEM image of alloy D; (b) EDS pattern of phase in grain boundary;

(c) Chemical compositions of phase in grain boundary
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Fig.5 Microstructures of alloys in T6 state: (a) Alloy A; (b) Alloy C
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Table 2 Tensile properties of alloys in T6 state

Alloy No. o,/MPa 0/%
A 678.2 5.6
B 734.8 7.6
C 748.5 8.3
D 783.9 8.5
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Fig.6 TEM images of alloy C: (a) In solution; (b) In T6 state
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