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Effects of Sc on Microstructure and Properties of As-cast A356 Aluminum Alloy
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Abstract: 0.2%, 0.4% and 0.6% rare earth Sc was added into A356 aluminum alloy, and influence of varying Sc con-
tents on microstructure and mechanical properties of A356 aluminum alloy was investigated. The results indicate that
the average grain size of alloy is decreased from 15.99 pum to 9.97 pm, and then increased slightly as Sc content increas-
ing from 0.2% to 0.6%. Al;Sc and AlSiSc intermetallic compounds are generated, which act as agents for heteroge-
neous nucleation to refine the matrix structure. The morphology of eutectic silicon is transformed from needle flake and
thick strip to fine fiber and short rod. The tensile strength is increased from 183.5 MPa to 212 MPa with Sc content
increasing, while elongation is reduced from 6% to 1% . Longitudinal section analysis reveals that crack initiation predomi-
nantly occurs at the junction of eutectic silicon and matrix, leading to transgranular fracture mode. Optimal refinement

effect and tensile strength are achieved for A356 with 0.2% Sc.
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Tab.1 Chemical composition of A356 alloy for experiment %
PN Wy
2 . .
Si Mg Cu Mn Fe Ti Zn Cr Sc Al

A356 7.11 0.34 0.001 3 0.003 8 0.120 0.067 <0.01 0.001 3 0 P
A356-0.2Sc 6.8 0.28 0.000 3 0.001 7 0.097 0.120 <20.05 0.001 0 0.2 Ak
A356-0.4Sc 6.72 0.35 0.000 6 0.0019 0.120 0.065 <20.05 0.001 0 0.36 A
A356-0.6Sc 6.81 0.36 0.000 5 0.001 8 0.110 0.064 <20.05 0.001 0 0.58 A
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Fig.1 Microstructure of as-cast A356 alloy with different Sc contents
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Fig.2 Average grain size of A356 alloy with different Sc contents
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Fig.3 SEM images of as-cast A356 alloy with different Sc contents
X 3 & Si e B AR 41 4k 72 4 Tmage Pro plus 6 3 B [
S, BUISE Sc X ABS6 MIBCHERRRE . T A R4
5 H R T B PR DL 2 st AT 3 fl N |
11y E TR 18
A —_ - Ai 1 " = i
L 2( > ) (1 ¥ "
. . ; sk TR 1"
R—— - = (2) | L 1 1 1 1 1
m121|:71 2( L, )Z:| 70 o1 0z o3 o4 05 o6 0
J w(Sc)/%
LA, B B 3§ STUBURL 0 T8 B s R B B4 RE ScifhF T A356486 4 F k& SiwdF 3 @mA N
1 2 & STRURLE H s m A 098 H s L/L k3 5 ST ok

KAl 5z 1 .

K4 R AR TR Sc i fin i R A356 & 4 3k i Si il oF
Bym AR RS LG . W] DU Y, Se ] DL AR Si
- B T A AR L . 4 0.2% Y Sc B, A356 &
P gy S ALl 8.71 pm® /N F1] 4.6 pm?, 3E 5 Si R
SN T A7 1%, [R] B 3 A ST R E i 2,61 /0N 2
2.12, 3% 5 & 3 v foRn By g R bR g R R 0 5 R 5 AR A
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Tab.2 EDS results of points marked in Fig.4a %
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Fig.6 Area fraction of precipitated phase containing Sc
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Fig.10 EPMA images of A356 alloy with 0.6% Sc
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Fig.11 Mechanical properties of A356 alloy with different Sc

contents
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Fig.12 Tensile fracture morphologies of alloys with different Sc contents
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