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B' —p+QO) WS R e A o 1 S X
ZARG SR BRI EECNAIR, HE{ Ak
7£.80~110 MPa /KPP0, Shyitt,  ZAHE 7t B AT J L4
PEH T —MOE R B B, BITEL 4 Al-Mg-
Si-Cu RA &M A ESIN—E ' Txxx REAE
JGE Zn, LDUHAS BT T 8T B Al-Mg-Si-Cu-Zn 5
A4 BES T H Mg-Si Al Mg-Zn 25 22 Rt Al , B
£ Zn J0 3 M5 K T 3 18 w6 & N Mg-Si Ut A1
MIbT R, T ZH B4R & S RE e A 2 sk
PEALARRPE S T AR P A 7 AR T O, HE 7
gEIRRBIUOBL TEER Zn BN E A £ K IR AL
WEPAE IR . BEBRERE S SR EM
FERSTY Ja s AXCGEEAT J BF ] 0 5 Al e Ak B (A >4 T
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BN e AR, R R AN S
MHEEMMAELE DB G, RSN JEFE
NREEY), TR IR 2 R B 5 20 B SR
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F VAR 15 2 B35 5 A 6 (W P o (] 63 1ok 2k e
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SEIG A Al-Mg-Si-Cu R 6 & il o ok insk 1 fir
e FTHMELAR 99.99% w4l Al 99.9% Tk 4k
Mg F1 4 Zn, DL} Al-10%Mn, Al-20%Fe, Al-
20%Si, Al-50%Cu, #4041k 7 Al-5%Ti-1%B( i

BAH)ERE L. B RHE — 2 T N SG*-
12-10 24 e BE R S o B h i A, RE R &4
JEAR RN KA B BUE, ANBR S 180 mmx
110 mmx90 mm. [ J5%F 8 8¢ 47 V) ke, &
(485 °C, 3 h)+(555 °C, 16 h) X L1524k b # J i AT
WAL AT, JFELIRE 550 C, &AL EART
300 'C, A4LEE N4 mm; FRIG4 400 CHEEE K
Lh/EAFLE 1 mm. AELFEMZ 555 °C R [ b
P2 min. ZKVEA80 “C. 12 h) Tl b B, B J5 %
HAT 185 C N LIS &b BE, FEXS TR . Fi
AR o R i P e DK

ST AR EE AR SR FFT 40 1M VD B Vickers i i i1
HEAT, NERERATN2 N, s 15 s, AR
M SAS s, B IIE . B d SLI0 /£ MTS810 HL
Al g A4 BHA IS L B #E 4T, Hr i d 2 0 3 mm/min,
PR AE IR GB 3076—1982 S SRV 4L 1] 7 i) BY
FE o 8] JE frh S 56 722 1 ASTM G110 AR iEAT, Ff
i K/ 15 mm>30 mm, 7EZ1HR (945 mL £ 5T
JK+5 mL ¥R & 48% HF+50 mL ¥ J& 70% HNO,)
93 CZIM60s, FHAEWKE 70% HNO;H Y% 1 min,
B IR AE B (57 g NaCl+10 mL H,0,, FHEE
TAKMREZR 1 L)H, S5 E 30 °C, BRI A
24 h, HUH e I, O B ) A
I, FE4E H PhenomProX 7Y 4 H 8% X6 A5 i 2 0 A
i (A b TS A T W55, 0 o ) R . Ol
FUE 30 8245 71 A g ik A (EDS) ] SUPRA 55 494
M4 (SEM) N iEAT, #HAEHE15kV. &4 dh Al
A A UTIEAH SR . TR AT IR S A I L 23 45
P ZRAELE Tecnai G2 F30 37 K& 5t 5 40 #535 o 1 7 &
ML (HRTEM) EiE47, #R1EHHE 300 kV, ¥H[001],,
J7 VAT LSS, it R A LB R P U F A ek
RS, HLA BN 25%HNO,+75%CH,0H ({4
MOEOMRAEW, HEEGITE-25~-10 C, HE
N20~30 V.
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Table 1

experimental alloys (mass fraction, %)

Nominal chemical compositions of two

Alloy Mass fraction/%
No. Mg Si Cu Zn  Mn Fe Al
1" 09 06 02 0 015 02 Bal
2* 09 06 02 2 0.15 0.2 Bal
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Fig. 1 Hardness change curves of pre-aged alloys aged at
185 C
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JiE AR 5 B T 287.8 MPa 34 i1 # 313.9 MPa, i $it
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KIEE RS . ALBRINERGR ZIn 25, &4
K R 15.9% BFAK 2 13.8%, B BFARAE 2 1%
AR B NI A 2.1%). HHE AT L, ¥R JC K Zn
A Ina RT3 mE & s tiae.
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Fig. 2 Stress—strain curves of peak aged alloys
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Fig. 3 SEM image fracture morphologies ((a), (b)) and EDS analysis results ((c), (d))of alloy 17 ((a), (c)) and alloy

2% ((b), (d)
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Fig. 4 Intergranular corrosion micrographs of alloys: (a) Alloy 1%, aged at 185 °C for 2 h; (b) Alloy 27, aged at 185 C for
2.5h
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MHA]  Flement  w'% Point 4 Element w/%  Point B Mgjhl Element_w/%  Point C
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Fig. 5 TEM and HRTEM images of intragranular precipitates and TEM images of grain boundary precipitates for peak aged

alloys 1* ((a), (b), (e)) and 2* ((c), (d), (f)) and corresponding EDS analysis results of points 4, B, C
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Fig. 6 Schematic diagrams of formation of precipitates in Al-Mg-Si-Cu-(Zn) alloy: (a) As-quenched; (b) Pre-aged;
(c) Under-aged; (d) Peak-aged (Al-Mg-Si-Cu alloy); (e) As-quenched; (f) Pre-aged; (g) Under-aged; (h) Peak-aged (Al-Mg-

Si-Cu-Zn alloy)
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Fig.7 Schematic diagram of intergranular corrosion mechanism of Al-Mg-Si-Cu alloys in peak aged state!*”!
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Precipitation and intergranular corrosion behaviors of
Al-Mg-Si-Cu-(2.0%Zn) alloys for automotive applications

HAN Shao-jie', YAN Yong>?, GUO Ming-xing', FENG Wei-jun>?, LI Miao-miao',
ZHUANG Lin-zhong', ZHANG Ji-shan'

(1. State Key Laboratory for Advanced Metals and Materials,
University of Science and Technology Beijing, Beijing 100083, China;
2. Baowu Aluminum Technical Center, Baosteel Central Research Institute,
Baoshan Iron & Steel Co., Ltd., Shanghai 201900, China;
3. Sanmenxia Aluminum-based New Material Research & Development Center,

China Baowu Steel Group, Sanmenxia 472000, China)

Abstract: In this work, the precipitation and corrosion behaviors of Al-Mg-Si-Cu-(2.0%Zn) alloys were studied
through SEM, TEM characterization and mechanical property and intergranular corrosion measurements. The
results reveal that Zn addition can greatly improve the initial age hardening rate and peak aging strengths, the peak
hardness, yield and ultimate tensile strengths are 1200 MPa, 313.9 MPa and 358.8 MPa, respectively, but the
elongation is only reduced a little bit, and ductile fracture is the main fracture feature as observed by SEM
examination of fracture surface. Additionally, the peak aged Al-Mg-Si-Cu alloy added 2.0%Zn also possesses an
excellent resistance ability to occur, the intergranular corrosion, the deepest corrosion depth can be reduced from
90 um for the Zn-free alloy to the value of 40 um. According to the TEM microstructure characterization, it has
been found that Zn addition can greatly improve precipitation rates of phases formed within grains and grain
boundaries, Mg-Si precipitates are still the main precipitates formed within the grains, while both Mg-Zn
precipitates near the grain boundaries and AIMgSiCuZn precipitates are the main precipitates formed around the
grain boundaries under the Zn-added alloy in the peak aging condition. Based on the microstructure evolution and
properties, the schematic diagram of forming precipitates within the grains and around the grain boundaries and
the intergranular corrosion mechanism of the two Al-Mg-Si-Cu alloys were put forward in this paper.

Key words: Al-Mg-Si-Cu-Zn alloys; aging hardening response; peak aging; intergranular corrosion; modelling;

mechanism
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