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Abstract: The Al-65i-0.75Mg-0.2S¢-0.15Zr-0.12Sb alloy is prepared using the smelting process. This
study investigates the impacts of solution and aging temperatures, as well as their durations, on the
microstructure and mechanical properties of the alloy. Additionally, it analyzed the morphology, size, and
distribution of Si and precipitated phases. It is observed that the as-cast microstructure comprises a-Al,
eutectic Si, Mg:Si, Al;Sc, and Al;(Sc, Zr) phases. As the solution and aging temperatures and times
increase, the morphology of the Si phase transforms from plate-like and fibrous to worm-like and nearly
spherical. Prolonged holding times lead to the segregation and coarsening of the Si phase, which turns into
short rod-like structures. The tensile strength and elongation initially rise and then decline with increasing
solution temperature. During single-stage aging at 170 “C, the strength and hardness first increase and then
decrease with the extension of the holding time, eventually reaching a stable state. The interface between
the B” and o -Al phases evolves from coherent to semi-coherent and then incoherent, and the fracture
mechanism shifts from intergranular fracture to typical dimple fracture. Pre-aging at 110 “C promotes the
precipitation of B and Al;(Sc, Zr) phases, significantly spheroidizes the morphology of the Si phase, and
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refines its size. The length and precipitated surface density of the B” phases are (29 4= 1.8) nm and 3.52 X
10° pm 2, respectively. After dual-stage aging at 110 °C/2 h + 170 °C/6 h, the tensile strength, yield
strength, and elongation can reach 363, 301 MPa, and 7.9%, respectively.
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0.15Zr-0.12Sb alloy (mass fraction/ %)
Si Mg Sc Zr Sb Al
5.98 0.75 0.19 0.15 0.12 Bal.
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Table 2 Single-stage and dual-stage aging heat treatment parameters of Al-6Si-0.75Mg-0.2Sc-0.15Zr-0.12Sb alloy
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Fig.1 Schematic diagram of mechanical properties test specimen size

2 HRESH

21 ElASERHEAELS HFEEE
&l 2 085 25 Al-6Si-0.75Mg-0.2S¢-0.157r-0.12Sh
A DSCHIZ ., 4558 B, 500~550 CZ IR & ILHA

BRI | 550 C22 )5 Ak Sk TR R H B A1
P, e B B4 5 G 4 e LI A ) 1 1 TR R BT 2
AARAR RN o e B — AN IR B IR B Ry 577 °C, X
Tt RN A Co- ALHSi) B I P AL 5 55 AN R
U I B N 618 C, X N o- Al AH B W A% Ak 5 XF 550~



240 BT R

2026 4= 4 H

577 “CUR G AT O 534 , I A7 A — b WA
J Sk 558 °C, Ko WL AR o5 = J0 3 i 2 A (- Al+-Si+
Mg,St) I BRI A o Sy kB 1 5 £ Tk ol o B0 5 e
H A, [V IR 7 558 (CLATR , SE 6 1B 5E B
AT 4 L BB Y15 1B Sk 525~555 °C, IR EE ARG 4 10 °C. A
7 1 95 0 T R 3 T A3 8 h I 170 “CRY - 6 h,
XPRREHEAT 2 TP ) 2= M AR, 25 R & 3 BT
A LLA A TR A IR TR T MR IR P hr i
B A B THE R AL S T 545 CRE AR
T T U5 KA, 4 353 MPa; b4 AR 5 [ v {5
VR IR BE b T B R ) A AR Ak R B, 7E 535 “CHif LA
AR, 2 9.6 06 s Ak SL 4 vy [T O il WL FE %2 555 °CI, i
T 1 B AR (558 °C) , 32 A1 L 4Lt e KU 52
e, AR e pE 2= 4.2

1.5

-
o
T T

@ o
o o

-0.5f

Heat flow/(mW-mg-")
o o

i
N
=)

Temperature/C

2 Al-6Si-0.75Mg-0.2Sc-0.15Zr-0.12Sb & 4 ¥ 4 DSC 4k
Fig.2  DSC curves of as-cast Al-6Si-0.75Mg-0.2Sc-0.15Zr-0.12Sb alloy
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Fig.3 Room temperature mechanical properties of Al-6Si-0.75Mg-
0.2S¢-0.15Zr-0.12Sb alloy under different solution temperatures
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Fig.4 XRD patterns and phase identification of Al-6Si-0.75Mg-0.2Sc-

0.15Zr-0.12Sb alloys under as-cast state and different solution temperatures
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Fig.5 SEM microstructure morphology and element distribution of Al-6Si-0.75Mg-0.2S¢-0.15Zr-0.12Sb alloy in the solution state
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Fig.6  Microstructure morphology of Al-6Si-0.75Mg-0.2Sc-0.15Zr-0.12Sb alloy under different solution temperatures
(a)525 “C;(b)535 °C; (¢)545 °C; (d)555 °C
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Fig.7 Statistics on microstructure morphology and silicon phase size distribution of
Al-6S1-0.75Mg-0.2S¢-0.15Zr-0.12Sb alloy under different solution time
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K3 AEBFERERE T Al-6Si-0.75Mg-0.2S¢-0.15Zr-0.12Sh & & 4 K E &
Table 3 Vickers hardness of Al-6Si-0.75Mg-0.2Sc-0.15Zr-0.12Sb alloy under different single-stage aging time

Temperature/°C 0.5h 2h 4h 6h 8h 10h 12h

155 92+1.1 98+0.7 108+2.9 117+1.6 1114+2.8 1064-4.5 10440.5
170 91+0.8 100+1.2 113+3.3 121+2.6 117+3.8 109+1.6 10641.7
185 9040.8 108+1.8 115+4.2 109+1.1 103+1.5 100+£2.8 9940.8

x4 AERZHHRIBRET Al-6Si-0.75Mg-0.2Sc-0.15Zr-
0.128b & ER N1 FMERE
Table 4 Mechanical properties of Al-6Si-0.75Mg-0.2Sc-
0.15Zr-0.12Sb alloy under different single-stage aging time

Tensile Yield

State strength/  strength/  Elongation/% Q

MPa MPa
As-cast 211+3.1 125+2.8 5.1£2.0 317424
170°C/4 h 343+4.8 27143.2 7.940.2 4777
170°C/6 h 353+4.7 282+17.5 7.640.8 485411
170°C/8 h 349+3.3 287+3.8 46+1.3 448+20
170°C/10h  340+2.1 281+2.6 4.140.6 431+3
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Fig.8 TEM microstructure of Al-6Si-0.75Mg-0.2Sc-0.15Zr-0.12Sb alloy under different aging time
(a)aging for 6 h; (b)aging for 10 h; (¢)HRTEM of 8" phase; (d)FFT of 8" phase
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Fig.9 Fracture morphology of Al-6Si-0.75Mg-0.2Sc-0.15Zr-0.12Sb alloy in different states

(a)as-cast; (b)aging state; (¢)enlarged view of selection area
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Fig.10 Mechanical properties of Al-6Si-0.75Mg-0.2Sc-0.15Zr-0.12Sb alloy under different dual-stage aging heat preservation time

(a)tensile strength; (b)elongation

11 RRBAEER A Al-6Si-0.75Mg-0.2S¢-0.157r-0.128b 44 MU 41
(a), (D) FZ; (o), (d) B RAAL IR ; (), (1) DU R 7
Fig.11 Microstructure of Al-6Si-0.75Mg-0.2Sc-0.15Zr-0.12Sb alloy in different heat treatment states
(a),(b)as-cast;(c), (d)single-stage aging heat treatment; (e) , (f)dual-stage aging heat treatment
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Fig.12 TEM microstructure of Al-6Si-0.75Mg-0.2Sc-0.15Zr-0.12Sb alloy in different heat treatment states

(a)single-stage aging heat treatment; (b)dual-stage aging heat treatment; (c)elemental analysis of precipitated phase selected area;
(d)AL; (e)Si; (H)Mg; (g)Sc; (h)Zr
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