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Table 1 Chemical compositions of four AISiMgMn alloys

Mass fraction/%
Si Mg Mn Fe Ti Zn Sr Al
1# 9.82 020 0.64 0.067 0.09 0.02 0.01 Bal
21026 033 0.60 0.075 0.09 0.02 0.01 Bal
3 10.1 042 0.64 0.087 0.09 0.02 0.01 Bal
4" 994 0.62 0.62 0.069 0.09 0.02 0.01 Bal
Ingot 10.08 0.20 0.64 0.067 0.09 0.02 0.01 Bal
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Fig. 1 Assembly drawing of die for high vacuum die casting
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Fig. 2 Shape and dimensions of tensile specimen (Unit: mm)
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Fig. 3 Mechanical properties of high vacuum die casting
AlISiMgMn alloys with different Mg contents under as-cast

condition
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Fig. 4 Hardness curves of high vacuum die -casting

AlSiMgMn alloys with different Mg contents aged at 185 ‘C
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Fig. 5 Mechanical properties of high vacuum die casting
AlISiMgMn alloys with different Mg contents under T6

condition
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Fig. 6 Typical fracture surfaces of Alloy 3": (a) As-cast; (b) T6
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Fig. 7 SEM images of high vacuum die casting AISiMgMn alloys with different Mg contents under as-cast condition: (a) Alloy 17

(b) Alloy 2% (c) Alloy 3%; (d) Alloy 4*
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Fig. 8 SEM images of high vacuum die casting AISiMgMn alloys with different Mg contents after T6 heat treatment: (a) Alloy 1%
(b) Alloy 2% (c) Alloy 3%; (d) Alloy 4*
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Fig. 9 TEM bright-field images of high vacuum die casting AISiMgMn alloys with different Mg contents under aging peak:
(a) Alloy 1% (b) Alloy 2% (c) Alloy 3*; (d) Alloy 4*
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Fig.10 HRTEM images(a) and corresponding FFT patterns(b) of 8" precipitate
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Table 2  Statistics of 5" precipitate

Alloy Average length, Cross-section/ Number density/

No. L/nm nm? nm >
1" 23.56 6.47 482X107
2" 25.93 6.58 8.87X107°
3 20.73 4.85 9.57X107°
4" 21.69 6.97 10.12X 107
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Fig. 11 DSC curves of high vacuum die casting AISiMgMn

alloys with different Mg contents under as-quenched condition

DSC ik 7 LA FI7E 100~450 CHEE X A ES
4 NS SRR A, B, C, D), Hrbjshig 4
(U IR FEAE 150 C oA, ARAE SCRR T ) o6t By
Siv Mg JET B1#% K GP LR, & &40l BE K G,
Siv Mg JLEREN Al ke, oG R [E 54k, BE
JE TR K T R B 23 N Ak = AR IR 1 7%, e B AL
AT, Siv Mg i ¥ MK R K Mg-Si i1 1%,
HIE LR GP X A& B (R iR
250 ChiAi, WNT BrAHITERG, prAHRERR, HE
RSE 4Lk, S AISiMg & &V (E R Rk 32 ZE AT
HAH. F7ETF 300 CHEFIBEIE C &l g g
FHEE AR TR B, BAH 2 BAEAE T i 2 4 1
b, U AR N RS R SR EAT N R B, B AR R



230 B 7 W

B R, S Mg & XS E R AISi10MgMn & < ROR AL 520 1487

e, SEEKREICRR, TERAIRE g4, fETERE
Ao 420 CAATE RIS IEDY AR S I 1
ALAER], 2 Mg & EBARAYT, g b
AFEIRWIE, RUMEZ G SEBNTHRLRE T, Bk
(rdT HARE D o (RIS X LU S 4 B, RTELAHL, B
H Mg SRR, BUEAE 4. B MBI, &Y
Mg & B RE AT HHAH 8

32 MOFESHIUE

NTHE AR BN )%, ¥ 4 HE S B g
177 BBk R R AL AL EE, B 12 ATz A 4 40 DSC
2k I B USALFR S 2k

i — Alloy 1*
G0 —— Alloy 2*
—— Alloy 3*
~ 00T — Alloy 4*
o
= 0
é -0.01
g
T —0.02
-0.03
-0.04

200 225 250 275 300 325 350
Temperature/'C

B 12 pHTHAHAE R DSC Hhzk

Fig. 12 DSC curves of 4" precipitate transformation
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Table 3 Kinetic parameters of " precipitate

Al\lllo‘fy fpeatd C O/(kJ-mol ") ko/min
1" 275.83 81.97 1.91x10’
2" 248.57 133.56 1.28%X10"
3* 247.23 142.06 1.12x10"
4* 246.76 146.81 3.27X10"

A G IB BIEAE I 2RI R, 17~4" 5 40k BIIEAR 1Y)
i 1] 43 514 287 min. 328 min. 350 min 1 415 min,
SRS 45 AV &, R AIM J7 2 AT DR L 1
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Effect of Mg on age hardening of
high vacuum die casting AISi10MgMn alloys

HU Chen, ZHAO Hai-dong, WANG Xue-ling, ZHENG Ling-bo

(National Engineering Research Center of Near-Net-Shape Forming for Metallic Materials,

South China University of Technology, Guangzhou 510640, China)

Abstract: High vacuum die casting experiment of AlSiMgMn alloys with different Mg contents was carried out. The
microstructure of alloys was analyzed by scanning electron microscopy and transmission electron microscopy. The
density of B" precipitates of the alloys was obtained, and their effects on mechanical properties were discussed. The
differential scanning calorimetry (DSC) was used to determine the effect of Mg content on precipitation kinetics of alloys,
and the precipitation kinetic parameters of precipitates were calculated by the Arami-Johnson-Mehl equation. The results
show that the effect of age strengthening is not obvious when the content of Mg is low, and with the increase of Mg
content, the effect of age hardening is gradually improved; the increase of Mg content significantly increases the number
density of p” precipitate in the alloys, and " precipitates are the main influencing factors of aging hardening; as the
content of Mg increases, the time needed for reaching peak aging becomes longer, and the " precipitate activation energy
increases.

Key words: AlSi10MgMn alloy; high vacuum die casting; age hardening; precipitation kinetics
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