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A= Sy, AR A S R 1 Fos . iy
i, WHHETW RS : ATELMILA Aloy 1, &
0.025%[14 Alloy 2, 0.05%(%)>4 Alloy 3, 0.075%[1] K
Alloy 4, 0.1%f%4 Alloy 5.
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*1 ZRESUERS
Table 1 Chemical composition of the experimental alloys
(/%)

Alloy Si Mg Ti Fe Mn Cu Zn Y Al

6.484 0.223 0.125 0.066 0.006 0.005 0.005 0 Bal.
6.643 0.217 0.116 0.068 0.006 0.004 0.008 0.025 Bal.
6.529 0.221 0.110 0.065 0.005 0.003 0.004 0.05 Bal.
6.361 0.228 0.119 0.067 0.006 0.004 0.007 0.075 Bal.

a B~ W N -

6.336 0.216 0.122 0.061 0.005 0.004 0.006 0.1 Bal.

HZ(END BN 6.1%. 8.3%. 10.7%. 7.1%. 6.9%.
5 Alloy 1 A6, Alloy 2 f#5 YS. UTS 1 El 437l #2 &
T 46.1%. 9.9%#01 36.1%, Alloy 3 435l & T 54.5%.
21.9%7#1 75.4%, Alloy 4 43 7|#E & T 32.3%. 8.3%#!
16.4%, Alloy 5 4353 7 37.7%. 18.2%A1 13.1%.
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Fig.1 Yield and ultimate tensile strength, elongation of the

alloys after T6 treatment



58 1A B ROERS TACXT AL-7Si-0.3Mg #4518 4 4 IR 1k R 3 i I AR R B I S IR * 2949 -

B2 &4 1-5 MW ALREHMAE4E 1 SEM B
Fig.2 OM microstructures of Alloy 1 (a), Alloy 2 (b), Alloy 3 (c), Alloy 4 (d), Alloy 5 (e), and SEM microstructure of Alloy 1 (f)

B3 #4131 SEM AL
Fig.3 SEM microstructures of Alloy 1 (a) and Alloy 3 (b)
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Kl 4 Alloy 1 1 Alloy 3 JL B85 (0 #H 11957 J2 EDS 43 #
Fig.4 Morphologies and EDS analysis of typical strengthening phase: (a) Alloy 1 and (b) Alloy 3
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Fig.5 Micro hardness of alloys with different Y contents (a) and

schematic of indenter indentation position (b)
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Dimples

AL Dlmples

Kl 6 Alloy 1~5 Wi FE S SR AT SEM [
Fig.6 Ultra-depth 3D Microscope and SEM morphologies of Alloy 1 (a, b), Alloy 2 (c, d), Alloy 3 (e, f), Alloy 4 (g, h), Alloy 5 (i, j)

tensile fractures
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KR IR Si/M@,Si AR 1 R SF /N F DR . — 3840 2R 4L
VRAEY Jg i 78 o 58 i AR A4 5 SRt /N RS Si/Mg,Si
M, EEBEiRE.

F4h, Bt Y 50 ALY X Mg,Si (AT H AR S AE
KA —EWMGIER, T M A A5 8 IR
THXEAR AR . 4REEEN Y & 0.075%, Wi
6h fis, WO REP) SR EENES, HEZ TS
Wik, AEVMETRE. 2 Y RINEEN 0.1%0,
Kl 6] B, W18 K/ANASE B A, &4 e
1 IR 58 B S5 e R Alloy 3 M Lt P A . A &
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T AT AR B — AR AEH
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B 7 8 T6 4B G 20 N 2098 80LHIN &4
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AHAE Iy 2800 A e T 198 52 1) A8 A R 0 A 285 1) 2 AR A
1E% Si MM H
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Wit 5 4144 DSC ki 8 fin. [ 8a
RTHIREZ 10 Clmin Fhn#vii 22, &l 8b 4 iR R
10 C/min ¥ Al 4. MKl 8a Hi4 EAlE A 2 4
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Fig.7 XRD patterns of alloys with different Y contents
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Fig.8 DSC curves of T6 treated specimens: (a) heating at

10 ‘C/min and (b) cooling at 10 ‘C/min

IR MR A B DL SCHR[19143 M, PL IR AH AR 2 v
N aatpsi—Liquid (HLaaEeAE ), P2 I AH AR [ NN
an—Liquid; P 8b izt LA EHA 2 MHENRIR,
REANF TS, 43 3ARie oy T, T2, T1 XM
[KIAHAS S NN Liquid —aa, T2 FITXE N AR AR [ N oAy
Liquidy 7amsi—amgtMg,Si BL Kz £ & % A2 (Liquid+
apsy—aa) 1B, HA L PL. P2, T1 il T2 %
Bk 2 fios.
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Table 2  Peak/trough temperatures of the endothermic/
exothermic DSC curves in Fig.8 (C)
Alloy 1 Alloy 2 Alloy 3 Alloy 4 Alloy 5
P1  580.3 579.2 578.3 578.9 578.1
P2  616.1 614.7 613.6 613.7 615.4
T1 566.4 567.4 564.3 563.9 565.6

T2 6139 612.6 607.4 609.5 610.6

t& 8 ft) DSC HiZk. % 2 nJ%0, 7£ 580 CLAM
W kg PR, ININACH) Alloy 2. Alloy 3. Alloy 4.
Alloy 5 5 R INECH Alloy 1 A8LEE, 205 EAK 1.1, 2.0,
1.4, 22°C, FEEFIF Alloy 3 4F, IINME S EMZ,
H PL R EEBAK. %FT 10 ‘C/min A 21 FEH 565 C A
HRBAR TL ME, RBMWER Alloy 1 HILAE
566.4 C, [ Alloy 2 4 (Et Alloy 1 7 1.0 'C) , Alloy 3.
Alloy 4. Alloy 5 5 Alloy 1 #itt, 77l #8EAL 2.1, 2.5,
0.8 C. XTIEMHIEE P21, AUSINELH Alloy 1 L
s E s, H Alloy 3 ffk, {Xh 6136 C. 52
FEXTE, BIKELE T2, ANEINECH Alloy 1 LCESINEL )
#hE R, H Alloy 3 FIEEHAK (607.4 C) .

DL EERE R, TR, 5845485 aa
M Bsi bk, A ETILTE R T HARK = o AHEL 2 JoAH
XL i, HIE S AEAERE T PLIRE, BN T A
& aat+Bsi—Liquid B AR FE T B o B A I 4k 2
B AR A T 25 22 JC ML B M s A, P2 3R FE BB £4 1 I
AHiRE . EENESEHTE R an F IR,
PAR L Bsi I MQ,Si 55T 52 J0AH , AT B ARG 0 At Tt
JEE RO 8 [ P (RIS T e B A D o xf X
5 R A4, LRI 0.5%4%0 1 Alloy 3 & 4 I IX Fh R
Ko b, W5 REBHAT Mg,Si AH 14T A9 L
KA, T HAE Mg,Si 2 IUREU G, XA S AT LR
WAER . mH, Mg 5 Si AR KMARE, EHER
55 Si 454 Rk PR AL & Si A K,

3 & it

1) 45 T6 kb3 5, Alloy 3 (1 IR 3R . 2R $t
PIOREE . REAH 2 1) L5 G B R A AR T HoAh 4], JF E
WA R, LR A M Re s .

2) W RS KA 44 SEM (+EDS) 43 #r & B,
RCR B WURLIR ) SiMQ,Si 32tk A, 1R T A SR AE
e, JRhdm k.

3) I E(0.025%. 0.05%. 0.075%. 0.1%)14C
3L N aat+ps—Liquid &4 T B (51T %
1.1, 2.0, 1.4, 2.2 C). 1M H aa—Liquid ¥ %t
BHTHE R . SRS an 775 ALK 0T 5

B Bei M1 MQ,Si S5 K 2 TeAH, $1 1 E [ I v
JE. XX 5 Fida 4, AN 0.05%%01 Alloy 3 &4
(13X o R0 R B K o
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Effect of Trace Yttrium on Strengthening and Eutectic Transformation Temperature of
Casting Al-7Si-0.3Mg Alloy

Hu Xinping"?, Li Ruixin'?, Wang Qing"?
(1. School of Mechanical and Automotive Engineering, Qilu University of Technology, Jinan 250353, China)
(2. Shandong Machinery Design and Research Institute, Qilu University of Technology, Jinan 250353, China)

Abstract: The effects of trace yttrium (yttrium content 0.025wt%, 0.05wt%, 0.075wt%) and T6 treatment on the microstructure, properties,
and eutectic transformation temperature of Al-7Si-0.3Mg alloy were studied by tensile test, hardness test, microstructure analysis of OM,
SEM (+EDS), XRD and DSC. The results show that the YS, UTS and E1 of the aluminum alloy after yttrium microalloying are improved,
and the comprehensive performance of alloy with 0.05%Y is the best among the designed aluminum alloys. The strengthening phases are
mainly Si and Mg,Si phase, and Mg,Si phase usually appears with Si phase. The added yttrium decreases the transformation temperature of
aartfsi—Liquid, which decreases by 1.1, 2.0, 1.4 and 2.2 'C when 0.025%, 0.05%, 0.075% and 0.1% Y is added, respectively. In addition,
the transformation temperature of aa—Liquid is increased somewhat after yttrium microalloying. An appropriate amount of yttrium that
forms multiple phases with fsi, Mg.Si and so on, which promotes the formation of heterogeneous nucleation substrate, and improves the
supercooling in solidification.

Key words: Al-7Si-0.3Mg alloy; yttrium microalloying; eutectic transformation temperature; fracture analysis; DSC analysis
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