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Table 1 Mechanical properties of commercial aluminum
alloys for HPDC

GAeMs FEILE  HRGRE/MPa JE IR B /MPa 5 K 24/%

EA43400 Al-Si-Mg-Mn 240 140 1
ADC12  Al-Si-Cu 228 154 14
Z1.102 Al-Si 230 98 2

A360  Al-Si-Mg 317 170 3.5
516 Al-Mg 290 ~ 315 170 ~ 190 10

560  Al-Mg-Mn

F2 JIMatPro6.0tE#IITE AR £ RERSHNE M
Table 2 Simulation calculation of alloy compositions with
different eutectic volume fractions by JMatPro6.0 wg/%

260 ~ 270 150 ~ 155 20

G4 LRIEBAMU% Si Mg Mn o Fe Al

A 0.35 556 255 05 015 &
B 0.55 836 452 05 015 &
c 1.0 139 555 05 015 Avh
=3 BEZFRRUERS
Table 3 Actual compositions of alloys Wg /%

a4 Si Mg Mn Fe Al

A 5.36 2.49 0.51 0.139 it

B 8.06 477 0.54 0.133 AR

o] 13.62 5.33 0.50 0.145 NS

R4 EHBENEEIZSH
Table 4 Key process parameters of die casting machine
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Fig. 1 Dimension of die casting
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2.3 Al-Si-Mg-Mn H{RiEZT
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Fig. 2 Solidification path of Al-Si-Mg-Mn alloys calculated by
JMatPro6.0
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4b. d. FEEBHENMEE TELZIH. RN
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Fig. 3 XRD patterns of Al-Si-Mg-Mn alloys
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Fig. 4 Microstructure evolution of Al-Si-Mg-Mn alloys



20215 F#3H/FE70%

2.4 DSC ot

BES52&58%A. B. CHIDSCOHIZ . MEIThEE
Bl ] DTS HRZEEIREES57.5 €, X5E?2
FELTENRIENTERRNAEERZL. &7
ABEFENERIRAUE, STNAYE o -AIR S . Eﬁ;j\:aa
TSR, EF=cHERNNNTHEER
NAEEEIL . GEBUEHIL T =4hIRHAUE, 253
o-AlFeMnSi. ZnHERF=TcHRURNOTHER
K. MFEEC, MDSCHELREMT —NEE, X
FEEHSERMN (BF . =ik ) LI
HMERY o -AlFeMnSi, XFMEIUDTTIE—E. XEHT
DSCorhSREIEEE, JLFZEFELRE, E
I—LehE &Yk E = TTHERERNEEFEETERR
NSt . ESAEBRSNRERE (632 C) , M
BECNERME, {X582.1 C,
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Fig. 5 DSC curves of alloys obtained from cooling with a rate
of 8 K/min
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Fig. 6 Backscattered SEM micrographs showing microstructure of alloys
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ALARFAR ST EARNEIL, (BEEEBHIEULE
=L, EulFEDRDRAIMY,SI, EEEAFESK(E
#5£90.4~1.2 pm, MAEZEBFAIEULDFYEFELI0.7 ~
3 pm., SEAMBMEVRHEREKRFEET o -Al. Si.
Mg,SilA R ET4k m -AlMnFeSiMgtE™ , &€ CHRfYEU23N
BEA. BERIFRZEL, ERTEMNM/N, tEGe;
582A. BAEAMR, A2CHEBFASHNESLHIK
Mg,Site, RJ2915 wmAf, Ee6f.

FERHEFARTFERXENHRESIH, HER
MEHIR, HEERLEERWNE, THNEINELL
B, WEHEER, 8AFSIHNHEEERR/NA
(0.43+0.34) pm, MEEBHRSIHNLSERHEAN
(0.64+043) pm, FAEBRINSHEHT, NMARES
PR ESIR S ELL ZTAI-SIiE SRR SIEM/INE

8-11
%[ ] o

RS ALPHREEMLFEER (SEM-EDS)
Table 5 Average compositions of intermetallic phases characterised by SEM-EDS analysis

TERHAMN (at%)

G 2 AT REA
Al Si Mg Mn Fe
HI WY (RAA) Al (Fe, Mn) Si, 78.01 11.06 9.01 1.92
B B () Al (Fe, Mn),Si, 71.87 12.63 12.65 2.85
c HRAFN (F2E€) Al (Fe, Mn) Si, 72.66 11.56 12.02 3.76
Yok (FBf) Mg,Si 5.68 58.02 36.30

2.6 &2 A. B. CH a-AlFeMnSi HRI %
B72=M&2F o -AlFeMnSIBR IR T H .
BEAMBHAY a -AlFeMnSiETH R THEXNEFHIEE
/N, 7£05~15 wmZZ[8); MEECH o-AlFeMnSiEl
MRTRABESHIRE, RIE4~18 pmzd. S5
E7dFIT T o -AlFeMnSIERIAIINELY, NGETH4ER AT AN
BEBHICTH o -AlFeMnSIERRIAIIELL NTFEEA

®6 AEA. B, CHSIFHHMNELL R LEHE
Table 6 Aspect ratio and equivalent diameter of Si particles
inalloysA, Band C

GE YUEELL (Si) AR/ pm
A 2.29+1.17 0.43+0.34
B 25+1.39 0.64+0.43
c 241+1.22 0.44+0.28

_(a)

L&A

20 25 3.0 35

05 10 15 40
YEER/pm
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()
8.
5l
B 41
LI |
4 6 8 10 12 14 16 18 20 22
YEEHA/ pm
&7

AlloyB

2.0 35

05 10 15 2.5 3.0
LEEA/ pm
40
—a— AllyA
35+ —e— AllyB
—i— AllyB

BEFH o -AlFeMnSITER I 570 & o -AlFeMnSIHEMNELL SRS R HI

Fig. 7 Size distribution of o -AlFeMnSi particles present in alloys together with insets of SEM micrographs of corresponding alloys and frequency-
aspect ratio curves
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Fig. 8 Mechanical properties of as-cast Al-Si-Mg-Mn alloys

(a) . (b) &&A; (c) .
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Fig. 9 SEM micrographs of tensile fractured surface and crack propagation through eutectic structure
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SREEFEREE. 235%EREAIAI-SI-Mg-MnESE
[ERRIRERT1X237 MPa, HHs®EIR301 MPa, {REX
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(2) WEREAI-SI-Mg-Mn/E RS S ELHA
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HE.
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AFEHRT750.43 wm, o-AlFeMnSitEIEE A/,
EZ1F, BB, FEOBERERL, BERYTE
0.25~1.75 pmAA.

(4) &EHrFLIRAR A ARIERS _HR2IEM
EEBUENETERR.
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Evolution of Microstructure and Properties of New High-Strength Die-
Cast Al-Si-Mg-Mn Alloy

ZHOU Peng-fei'?, LU Cong-xiang', YANG Shu-gen'
(1. Yancheng Polytechnic College, Yancheng 224005, Jiangsu, China; 2. Yancheng Institute of Technology, Material Science
and Engineering School, Yancheng 224051, Jiangsu, China )

Abstract:

The evolution of microstructure and properties of a new type of high-strength Al-Si-Mg-Mn alloy were
investigated. Based on the simulation calculation of the JmatPro phase diagram, the Al-Si-Mg-Mn alloy
compositions with different solid fractions of the eutectic mixture were designed. Experimental results show
that the new Al-Si-Mg-Mn alloy after die-casting can reach the tensile strength of 230-310 MPa, the yield
strength of 200-240 MPa, and the elongation of about 0.5%. The as-cast structure contains a-Al, a-AlFeMnSi,
binary eutectic (a-Al+o-AlFeMnSi/a-AlFeMnSi+Mg,Si), quaternary eutectic (a-Al+a-AlFeMnSi+Mg,Si+Si).
Microstructure observations show that the formation of fine a-AlFeMnSi phase and multi-scale eutectic
structure make the alloy have high strength. Fracture morphology analysis indicate that large gas pores in the
alloys and the coarse second phase directly lead to lower elongation.
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Al-Si-Mg-Mn alloy; phase diagram calculation; die-casting; microstructure; properties
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