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Research Status and Prospect of Al-Si-Cu-Mg Alloys
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(School of Materials and Chemistry, University of Shanghai for Science and Technology, Shanghai 200093)

Abstract: High-strength Al-Si-Cu-Mg alloy has attracted widespread attention in aerospace, automotive and other
fields due to the superior mechanical properties. At present, abundant progress has been made in the research of Al-Si-
Cu-Mg alloys, while related reviews are deficient. The research status of Al-Si-Cu-Mg alloy was reviewed. The
research progress on alloying basis (Si, Cu.Mg.Mn,Sr.RE.Zr), forming methods (traditional casting, die casting,
squeezing casting, deformation) , heat treatment processes (solid solution, aging) were mainly summarized, and the
mechanical properties of typical Al-Si-Cu-Mg alloys were reviewed. Finally, development trend of alloy was also
prospected.
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Fig.1 Morphologies of eutectic Si phase in as-cast and
T4-treated Al-6.23Si-3.77Cu- 0.06Mg alloy "’
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Fig.2 Morphologies of different forms of Al,Cu phases in Al-
9.4Si-2.4Cu-0.28Mg alloy""
®1 AECudETALS5Si-04Mg & &R S 1kaE™
Tab.l Mechanical properties of Al-8.5Si-0.4Mg alloy with differ-

ent Cu contents !

w(Cu) /% BURLR B/ MPa SRR /MPa KR/ %
0 264 322 10.0
1.0 299 343 8.7
1.5 321 394 8.6
2.0 351 442 8.4
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Fig.3 Morphologies of 3-Al:FeSi and a-Al(Mn, Fe)Si particles in A356-0.20Fe-zMn alloy!*"’
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Fig.5 Polarized image of die-cast Al1-8.8Si-1.7Cu-0.4Mg alloy
and SEM image of gas pores in T6 alloy™*’
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Fig.7 TEM images of as-rolled Al-6Si-3Cu alloy"'"
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Fig.8 Schematic diagram of aging precipitation sequence’™”
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Fig.9 TEM images of Al-6Si-xCu-yMg alloys with different mass ratios of Cu to Mg "’
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xR2 AlSi-Cu-Mg B&WEELE AR
Tab.2 Main second phase composition of Al-Si-Cu-Mg

alloy[&s&s?]

A AR w (Cu) /w (Mg) F 2 A
Al1-5.93S1-1.04Cu-0.57Mg 2 B.0.Q
Al-6.07S1-1.06Cu-1.06Mg 1 £.0.Q
Al1-5.98S1-2.08Cu-0.52Mg 4 0.Q
Al-6.02S1-3.98Cu-1.14Mg 4 0.Q
Al-7Si-0.01Cu-0.47Mg 0 8
Al-7Si-0.50Cu-0.47Mg 1 B.Q
Al-7Si-1.04Cu-0.45Mg 2 £.0.Q
Al-5Si-0.86Cu-0.51Mg 1.6 £.0
Al-58i-0.83Cu-0.80Mg 1 £.0.1
Al-5Si-0.81Cu-1.2Mg 0.67 £.0.71.Q

A

5001
=A]-6Si-2Cu-0.5Mg
SO A1-8.88i-1.7Cu-0.4M
EEISES A A1-7Si-2.5Mg-0.5Cu ¢
Al1-118i-2.5Cu
Al-7Si-1Mg
<« Al-6Si-2Cu-0.5Mg
" e P> AL-9Si-1Cu-0.4Mg
@ AlL-7Si-0.45Mg
% Al-7Si-1Cu-0.45Mg
< ® Al-7Si-0.5Mg-0.1Cu
pics = Al-78i-0.5Mg-0.2Cu
300 > = A1-78i-0.5Mg-1.5Cu
M A1-12.58i-0.6Mg
® A1-98i-3.5Cu-0.15Mg
2501 A Al-138i-0.25Cu-0.4Mg
B Al-6.5Si-1.5Cu-0.25Mg
@ Al-9Si- 42Cu-0.25Mg

4501

/MP.

3501
u 350

i
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H 10 #A Al-Si-Cu-Mg &4 /1 F sk
Fig.10 Mechanical properties of typical Al-Si-Cu-Mg alloy
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wy/ % J1% e

CEA % il #5757 =0 S Cu Mg brpiaR  EMRsR MR
J%/MPa & /MPa /%
Al-6Si-2Cu-0.5Mg PMC+T6 5.98 2.08 0.52 378 306 11.0
Al-8.8Si-1.7Cu-0.4Mg HPDC+T6 8.80 1.70 0.40 425 321 11.3
Al-7Si-2.5Cu-0.5Mg PMC—+T6 7.00 2.50 0.50 385 — 5.0
Al1-9Si-4.3Cu-0.25Mg PMC+T6 8.31 4.17 0.32 490 419 3.8
Al1-9Si-3.5Cu-0.15Mg SQC+T4 8.92 3.41 0.16 425 380 9.9
Al-6Si-3Cu RL+T4 6.30 3.30 — 430 382 5.8
Al-13Si-0.25Cu-0.4Mg HPDC+T5 13.10 0.25 0.37 353 213 4.6
Al1-11Si-2.5Cu SQC+T6 11.00 2.50 — 350 262 5.5
Al-7Si-1Mg PMC+T6 7.00 — 1.00 339 274 3.2
Al-7Si-0.45Mg LPDC+T6 7.12 — 0.45 334 267 9.0
Al-9Si-1Cu-0.4Mg GC+T6 9.00 1 0.40 310 290 3.9
Al-7Si-0.45Mg DC+T6 7.00 — 0.47 376 305 12.0
Al-7Si-1Cu-0.45Mg DC+T6 7.00 1.04 0.45 380 295 11.0
Al-7Si-3Cu-0.45Mg DC+T6 7.00 2.99 0.45 447 342 7.8
Al-7S1-0.1Cu-0.5Mg TC+T5 7.20 0.11 0.50 271 — 8.6
Al-7S1-0.2Cu-0.5Mg TC+T5 7.30 0.26 0.52 284 — 8.6
Al-7Si-0.5Cu-0.5Mg TCH+T5 7.00 0.50 0.51 296 — 8.8
Al-7Si-1.0Cu-0.5Mg TCH+T5 7.10 1 0.53 306 — 5.8
Al-7Si-1.5Cu-0.5Mg TC+T5 7.20 1.52 0.54 266 — 2.1
Al-12.581-0.6Mg RL 12.20 — 0.65 244 173 9.4
Al-6.5Si-1.5Cu-0.25Mg PMC+T6 7.28 1.57 0.28 390 308 7.0
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