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B, G ARG R Y 2R G M R, AR SRR
TARIR G AT R TAERE N 150 CRIGH
RKTF 61%IACS I AAAC 145, RZ TR T
P e Al-Mg-Si & & F LR T L. TE Al
Mg-Si & & IS N Ze G B4R i A 4 1Y) 5 EE AN A
£, BAHRAMI 2] Al-Mg-Si & & in 7 i &
I3 HUN 0.1% (1) Zr, 5 B2 AT 22 ) 160 MPa Al
3.2% 43 73 $  F1 292 MPa F19.5%. YUAN 251§
TR, E6101 & & i &4 #08 0.145%
(1) Zr W] 45 &7 180°C Z AL AL HE 400 h J5 AL FEFE
/o DANG SR 58 R B, WS N5 & Sy BOA
0.2%~0.4%Sc F1 0.1%~0.2%Zr f{] A1-Mg-Si-Mn & 4>
A CLAHAY kL, e ) E R . SR, Zr X AL-
Mg-Si &4 (1) Mg, Si UL E f2 L i > WARTE . 7
Al-Mg-Si 54 TS1 AR HRALEE T2, Mg, Sidid
GP X —p" —p' —Mg,Si #8745 7 F1| M 43 55 A o by
HEPB1 N[N Mg-Si BE /R L 23 520 Al-Mg-Si & 4
FL 208 PR WOV &85 R R R RR 1Y T Ze £E a(A) T
LZARY B, L12 450910 ALZr BAR 224 TR,
BEA LS. ks rRERY: £4
475 “CIF, L12(ALZr)UivE AL 3 % 48 5 D023 -
g s, LITY'NSKA 2601 J B 75 Al-1.0Mg-
0.6Si-0.5Zr &4, WIAWRL ALZr /. Mg,SiAHF1
AlFeSi fHE — I ML AR A . FUSEH
R Zr REFHAG Mg-Si Al R XSGR I i
Sifefieidt Zr. Scv ErEZ sttt DL EBRA
R, Zr F1 Mg-Si AH 2 s i A6 5 4R 1 EE g
%, Zrft Al-Mg-Si & & IE R ESRA T .
ARG T I A Mg-Si BE R LU Ze & R

R SEREER R
Table 1 Chemical composition of experiment alloys

M Al-Mg-Si & < HUAE IO Z5 ), R & el
1AV RE S i ERE R T

1 I

I 6101 & 4 MAS % T Al-Mg-Si & <&,
Iy R NFTE Ze () Al-Mg-Si & 4 (fiifk A1-6), H:
ARG Mg-SiBER bE T 2:1, Siid & (Mg-Si B
IR B <2: 1) Mg i B (Mg-Si JBE /R B >2: 1) 15 0 5
PLK =R Zr 1) Al-Mg-Si & & (R FR 21-3), Zr &
A 0.13%- 0.18% F10.23%(Fi & 750, 7071
REZe =T FT . KTAHS(Zr 0.18%) 1
=L BARER Y IR 1. SIS DL AAT070 FREE
SR TE(433), AliBEEE. Al-10Zr PR A 4 N EUR]
HIBE P 25 A SR 0 LT IR IEAT I MR, 18 99.99% S
SERABRAR . PR E S S0 mm 1) [ 4%,
EREEAE RS SRR B R DL 530 C AL, SR T ZE )
J5, K EEEEAE 480 CIRIT 2.5 h 5 LA 25 555 IR LLBF
JERCd 10 mm [P 2840, PR £ 38 R (d 10 mm~
d 9 mm)Fi ikl d 8 mm RN . 5, Fiik/E
FEE T AT A . & ZeiR G
SR PR R TP AT, R A SN LI 2
LB 200 C, BF[EIF AR 2. 44 64 124 24,
36. 48, 72H196 h.

fif] 5 #H 45 & /£ NETZSCH-DSC-200F3 %4 % #44y
A BT B2 3 mmx 1 mm B RV KSR
FELE G ARY IR EE R LA 10 °C/min T+ E FE TR
£500 C, PPN ALO;.

PR I8 7 CSS—-4100 B Hi T 7 fE 71 2456 AL

Alloy No. w(Mg)/% w(S1)/% n(Mg)/n(Si) w(Zr)/% Element excess, w

Al 0.58 0.60 1.13 0 Si, 0.25%

A2 0.58 0.49 1.38 0 S1,0.15%

A3 0.59 0.39 2 0 Si, 0.05%

A4 0.76 0.35 2.53 0 Mg, 0.15%
AS 0.86 0.35 2.86 0 Mg, 0.25%
A6 0.96 0.35 3.20 0 Mg, 0.35%
Z1 0.53 0.45 1.37 0.13 Si, 0.15%
Z2 0.59 0.45 1.53 0.18 Si, 0.15%
Z3 0.58 0.49 1.38 0.23 Si, 0.15%
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Fig. 1

with aging time of Al-Mg-Si alloy: (a) Tensile strength;

Changing curves of tensile strength, conductivity

(b) Conductivity; (c) Comparison between tensile strength

and conductivity
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Fig. 2 Tensile strength and electrical conductivity of AI-Mg-Si-(Zr) alloy as function of aging time: (a) Without Zr;

(b) 0.13% Zr; (c) 0.18% Zr; (d) 0.23% Zr
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Fig. 3 Metallographs of Al-Mg-Si alloys with different Zr addition: (a) Without Zr; (b) 0.13%Zr; (c) 0.18Zr; (d) 0.23%Zr
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Element w/%  x/%
Al 7243 81.49
8i 6.55 7.08
Fe 21.03 1143

Element w/%  x/%
Al 35.17 61.59
Zr 52.83 2737

Element  w/%  x/%

Mg 606 7.15
Al 7330 77.89
Si 860 878
Fe 1204 6.8

;
‘? __ Mg-rich

?;‘\
Zr-rich

Element w/%  x/%

Mg 222 3.03
Al 69.09 85.13
2333 850
323 2,07
213 127

4 Al-Mg-Si-(Zr) & & Hr H A SEM 14

Fig. 4 SEM images of precipitated phase of Al-Mg-Si-(Zr) alloy: (a) Si excess and without Zr; (b) Mg excess and without

Zr; (¢) 0.13%Zr; (d) 0.23%Zr

5 ANAMg.Siid BT Al-Mg-Si & 422405 h 5 i TEM A%
Fig. 5 TEM images of aged Al-Mg-Si alloy with Mg excess and Si excess: (a) Si excess 0.15%; (b) Mg excess 0.15%;

(c) Mg excess 0.25%
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BN AR, SRS A4S I FRASVE AR K, SIER 96 h)g, ] ERIKERI L M, i g”

6 Al-Mg-Si-(Zr)ZE ¥R AN AN 20 18] ) TEM £
Fig. 6 TEM images of Al-Mg-Si-(Zr) rods aged for different times®?: (a) Without Zr, 5 h; (b) Without Zr, 24 h; (c) Without
71, 48 h: (d) 0.13%Zr, 12 h: (e) 0.13%Zr, 48 h; (f) 0.13%Zr, 96 h; (g) 0.18%Zr, 24 h; (h) 0.18%Zr, 48 h; (i) 0.18%Zr, 96 h;
(i) 0.23%Zr, 48 h; (k) 0.23%Zr, 72 h; (1) 0.23%Zr, 96 h
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Fig. 7 DSC heating curves of typical Si excess(a), Mg
excess((b), (c¢)) and Zr containing(d) Al-Mg-Si alloy under

quenching state
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Fig. 8 Relationship between Mg-Si molar ratio and lattice
constant after aging for 5 h (by high energy X-ray
diffraction)
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Effect of Mg-Si molar ratio and Zr addition on properties of
Al-Mg-Si alloy and its mechanism

YANG Zhao, FU Jia-ni, XU Xue-xuan, YE Yu-long, TAN Li-jia

(School of Materials Science and Engineering, Central South University, Changsha 410083, China)

Abstract: The electrical conductivity, mechanical property and heat resistance of Al-Mg-Si alloy with Zr adding
were investigated. It is found that lower Mg-Si molar ratio in the alloy, which is lower than 2, promotes the
nucleation of " phase and obtains fine and dispersed f” phase, and improves the mechanical properties of the
alloy. The excess Si has little adverse effect on the electrical conductivity of the alloy due to its low solubility in
aluminum. As the Mg-Si molar ratio is greater than 2.5, the nucleation rate of " phase decreases, the particles of
[" phase are coarsened, Coarse Mg-enriched phase occurs, the mechanical properties of the alloy are deteriorated.
Excess Mg is still dissolved in the base metal after aging, which increases lattice distortion level and reduces the
electrical conductivity of the alloy. After adding Zr, the electrical conductivity of the alloy decreases and the
tensile strength increases. Dissolved Zr atoms reduce the diffusion rate of Mg and Si atoms in the alloy. During
aging, the diffusion rates of Mg and Si atoms in alloys with 0.13% Zr and 0.18% Zr are 0.92 time and 0.75 time of
that diffusion rate in the alloy without Zr, respectively. Therefore, the lower diffusion rate of Mg and Si element in
Al-Mg-Si-Zr alloy prolongs the nucleation incubation period of " phase, and hinder the growth of the 8" phase
particles, which results in fine dispersed particles 8" phase; the phase transformation speed from f phase to S’
phase becomes slow; the mechanical properties and heat resistance of the alloy are enhanced.

Key words: Al-Mg-Si alloy; Zr addition; heat-resistant aluminum alloy; precipitated phase; diffusion coefficient
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