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Table 1 Compositions and contents of

designed alloys Wy /%
Fre Si Cu Ti Mg Al
A 7.0 1.5 0 0.4 N s
B 7.0 2.0 0.1 0.4 S
c’ 7.0 25 0.2 0.4 NS
D’ 9.0 15 0.1 0.4 i
E* 9.0 2.0 0.2 0.4 =
F 9.0 25 0 0.4 NS
G 11.0 15 0.2 0.4 PN
H* 11.0 2.0 0 0.4 NS
I* 11.0 25 0.1 0.4 i
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Fig. 1 Experimental equipments
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Fig. 2 Metal molds and ingots
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Fig. 3 Diagram of size of the tensile specimens

(a) 7%Si, 1.5%Cu, OTi (b) 7%Si,

(d) 9%Si, 1.5%Cu, 0.1%Ti (e) 9%Si,

(g) 11%Si, 1.5%Cu, 0.2%Ti

2%Cu, 0.1%Ti

2%Cu, 0.2%Ti

(h) 11%Si, 2%Cu, OTi

B4 Al-Si-Cu-Mg-Ti&

(c) 7%Si, 2.5%Cu, 0.2%Ti

(f) 9%Si, 2.5%Cu, OTi

2.5%Cu, 0.1%Ti

(i) 11%si,
SEHHBFER

Fig. 4 Backscattered electron images of the Al-Si-Cu-Mg-Ti alloys



20244 $E1080/%73%

NTERGETITENESSHMERE, WEH
BEOIGIT T DXREEEE, SESMTIEE TN
PR R BB UESER . IRIBFRITERA,
PENTITREE B RIFNENMBER, STEE
110.1%0Y, EEERFINMWIER, TIEE70.2%0Y,
TN EEEES01%NESERTAEE.

MERE6AI, EdSrEREMIEESITEZINHREA
KSR, BAXERESIEENEETIRINAISITITES
EEE, BMEEFHEENRERTET R
THEER, WEZMRIFIHTEMR, MRS
BT R IERTAYERIANERY . SIMNE6FH
ALUEI, BEESISEMNEN, 5P RERHEESIHE
RIS HBERIEMN, BENHEa (Al) RFRBAISIHELD
MRS DI ERIER A -

(a) 7%Si, 1.5%Cu, OTi

FrEastraslnEmERDY, E1MEa2+FH
FE_EMERED, LIESA M, EBTXRDUELL
NEDSEEIED TG AN EaEFRIFIFERESENE
BELYEMHITHIT. BTE2H5EEA'BIXRDIE
SR, IR, FEMEFEZH (Al) ( HE
Si. 0-AlLCu. Q-Al,Cu,Mg,SisF1TT-Al;Mg,FeSi i8R
. EBhRaEATESE TSR TER, 46
F2MEDSELE DT, MWNHFESESHLFNEEEN
EYMEEE: IS=HBEN 0 -ALCUIE; 25X REBIR
RIB9Q-AlCu,MgSicil; 3N ZHFH RFeIFE
IR R &SGR IR 1T -AlMg,FeSigiE, ItEDSAE
EOM SR SETHIXRDIG N ER— . EEsHH
LBBEEY, MECIEERIEN, ae+v=HERN
VEBEETZEETKRSH, XRHTEEFSCUE
MgRITTE RN FES EFAIQ-Al,Cu,MgSiABATR
HEURTMgEE, BT E5AL Si. CutEESER
Q-Al,Cu,Mg S84, FIFKHICUIS=ARL 0 -Al,Cu
e,

2.2 PRHNESESEADR
MEOF R LIRS, FrEGEAELI520 CERA

(b) 9%Si, 1.5%Cu, 0.1%Ti
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Fig. 6 Microstructures of the as cast Al-xSi-1.5Cu alloys
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Fig. 5 Average secondary dendrite arm spacing of the alloys with
different Ti additions

(c) 11%Si, 1.5%Cu, 0.2%Ti
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Fig. 7 XRD analysis of the as-cast alloy A"
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(a) 7%Si, 15%Cu, OTi (fikf) (b) 7%Si, 15%Cu, OTi (&f) (c) 7%Si, 2.0%Cu, 0.1%Ti (d) 7%Si, 2.5%Cu, 0.2%Ti

E8 AFECUREHIHESAI-TSIESHMALR
Fig. 8 Microstructures of the as cast Al-7Si alloys with different Cu contents
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Table 2 EDS results of strengthening phase in figure 2?.% WHOHER 0 48, H8 0 BT LURIARE R/ NET
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(a) 7%Si, 1.5%Cu, OTi (b) 7%Si, 2%Cu, 0.1%Ti (c) 7%Si, 2.5%Cu, 0.2%Ti

(d) 9%Si, 1.5%Cu, 0.1%Ti (e) 9%Si, 2%Cu, 0.2%Ti

(g) 11%Si, 1.5%Cu, 0.2%Ti (h) 11%Si, 2%Cu, OTi (i) 11%Si, 2.5%Cu, 0.1%Ti
E9 HRMEBAISI-Cu-Mg-Tie S BB
Fig. 9 Microstructures of the heat-treated Al-Si-Cu-Mg-Ti alloys
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Fig. 10 Microstructure and EDS distribution of the C# sample in heat-treated alloys
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Table 3 Mechanical properties of the alloys with different
element contents at room temperature

A4%5 Sil% Cul% Til% UTS/IMPa YS/MPa 6/% (/MPa

A 70 15 0 396 321 48 498
B* 70 20 01 400 332 34 480
c’ 70 25 02 423 344 42 516
D’ 90 15 01 422 338 62 541
= 90 20 02 425 351 33 503
F 90 25 0 427 350 39 516
G" 110 15 02 414 337 35 496
H’ 110 20 0 433 350 29 502
I* 110 25 01 444 365 24 501
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H—REF, BEKERERTE, NREIEHOHTN
BBEOIUEY, SSiA28h%, GENEEHZE
MHEEREIRIE,
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Fig. 11 Specimen tensile fractured
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Fig. 12 Stress-strain curves of the alloys
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Fig. 13 Influences of different Si, Cu and Ti contents on mechanical
properties of the alloys
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Table 4 Average mechanical properties of the heat-treated
alloy D* at room and high temperature

R PohisgE/MPa JH IR /MPa R /%
X 422 337 6.2
250 C (fRiELh) 215 209 9.6
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Fig. 14 Mechanical stress-strain curves of the alloy D* at room
temperature and 250 °C temperature
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Effects of Si, Cu and Ti on the Microstructure and Properties of
Hypoeutectic Al-Si Alloys

WANG Yu-xin, XIANG Zhi-lei, LI Lei-zhe, LI Meng, GU Xin-shuo
(School of Materials Science and Engineering, Beijing University of Technology, Beijing100020, China)

Abstract:

The effects of Si, Cu and Ti on the microstructure and properties of cast hypoeutectic Al-Si alloys were
studied by orthogonal test. The results showed that the as-cast alloy was mainly composed of a(Al), eutectic
Si, 8-Al,Cu, Q-Al;Cu,Mg,Si; and T1-Al;Mg,FeSi; phases. After heat treatment, the 6-Al,Cu phase precipitated
more well-distributed, and the IT phase transformed into B-AlsFeSi(Cu) phase. The mechanical properties
test of cast Al-Si alloy after element regulation and T6 heat treatment showed that when Si content was 9%,
Cu content was 1.5%, Ti content was 0.1%, the strength and plastic matching of aluminum alloy treated with
T6 (solution holding at 520 °C for 5 h and aging at 180 °C for 4 h) was the best. The tensile strength and
elongation of the alloy were 422 MPa and 6.2%, respectively at room temperature, and the high temperature
tensile strength and elongation of 250 °C for 1 h were 215 MPa and 9.6%, which provides a certain theoretical
guidance for the application and development of cylinder head materials.
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