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Table 1 Chemical composition of the Al-Mg-Si-Mn alloy (w/%)

Alloy Si Fe Mg Mn La Ti Al
LO 0.721 0.028 0.583 0.199 0.000 0.027 Bal.
L1 0.723 0.027 0.584 0.195 0.099 0.027 Bal.
L2 0.721 0.028 0.583 0.199 0.196 0.027 Bal.
L3 0.721 0.028 0.581 0.196 0.295 0.026 Bal.
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Fig.1 SEM microstructures of Al-Mg-Si-Mn alloy ingots with different La contents: (a) 0%, (b) 0.1%, (c) 0.2%, and (d) 0.3%

%2 1 HPFE La &2 Al-Mg-Si-Mn & &4 #8958 — 0 EDS T4 R
Table 2 EDS analysis results of the second phase of Al-Mg-Si-Mn alloy ingot with different La contents in Fig.1 (at%)

Alloy Point Si Fe Mg Mn La Ti Ca Al
Lo Al 12.8 1.2 12.8 - - - 73.2
A2 2.7 - 8.2 89.1
B1 4.7 - 2.3 24.7 13.2 - - 55.1
H B2 2.3 - 1.3 96.4
Lo C1 4.2 - 1.4 31.9 18.6 - - 43.9
c2 1.7 - 11 97.2
L3 D1 5.7 1.8 20.1 9.6 1.4 1.8 59.6
D2 12.2 11 1.1 13.9 - - - 71.7
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R oty X 5 27 R4t ot X 73 S 2 % EEAS ] La U &

MRMEMAL, KRB La &&8M (A 42
FRRHE i [X 5L B3R, A 427 pum; 24 La W& 0.1%0,
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i X R
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K2 AF La & &M AI-Mg-Si-Mn & &45 1) OM M H
Fig.2 OM microstructures of Al-Mg-Si-Mn alloy ingots with different La contents: (a) 0%, (b) 0.1%, (c) 0.2%, and (d) 0.3%

Edge sharp blocky phases

3 AF La FEMHME SEM B HHHN
Fig.3 SEM microstructures of profiles with different La contents: (a) 0%, (b) 0.1%, (c) 0.2%, and (d) 0.3%

1£100 ‘C'F, N 0.2% La & 4248 ) JE iR 5 RENR@ESE, SR La MLk, EREE. fib
AR EE 73 51 307 MPa 1 315 MPa, I {H+K % SR IR 5 AR Z2 00 il 5 i 1 2.5%. 2% 3.7%.
7912.88%, LA La &4 ml#& e 9.6%. 8.6%F 200 CNHifh ¥R 2425 100 CAHH
9.1%; La #NINEARLL 0.2%M), & 458 flbfa & Bk, il 5¢ Ars .

%3 3HAE La 22 8MAIE 46 EDS SR
Table 3 EDS analysis results of the second phase of profiles with different La contents in Fig.3 (at%o)

Alloy Point Si Fe Mg Mn La Ti Cr Al
Lo AL 1.3 - 14 - - 0.9 - 96.4
A2’ 3.9 4.6 1.6 9.3 - - 1.1 79.5
L1 B1’ 3.0 - 2.0 4.0 15.2 - - 75.8
B2’ 1.9 - 0.8 - - - - 97.3
cr 4.1 - 4.0 25 35 - - 85.9
L2 c2’ 5.8 - 2.3 - - - - 91.9
Cc3 2.2 - 1.3 - - - - 96.5
L3 D1’ 1.2 - 15 49.2 6.4 1.0 - 50.6

D2’ 3.5 - 3.2 - - - - 93.3
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Fig.4 Section OM microstructures of profiles with different La contents: (a) 0%, (b) 0.1%, (c) 0.2%, and (d) 0.3%
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Fig.5

Tensile properties curves of Al-Mg-Si-Mn alloys with

different La contents at different temperatures: (a) 25 C,

(b) 100 °C, and (c) 200 C

K6 A La & &M Al-Mg-Si-Mn & 455 il 36 45 %
Fig.6 Bending test results of Al-Mg-Si-Mn alloys with different

La contents



- 4498 -

Mifi @M RS TR

50 3%

AT R LTI s M NS N E) 0.3%/0N, 4HarEE
A%, AT EEAN L . MR AR e g R T DUR I,
GRS IS AR —EMRR, Yis
FRERUNE, B2 N ER KR D, K2R
25 AN L.
2.4 A[E La BEXRFRMT LRI R M

8 NN La & &AM &b () JE ki) OM R o
AL, RN La &&MM (B 8a) RE&E KM
JE S, (] PR o o A ) A R R, R KR
TREE 269.3 um. 4 La iNINE 2 0.1%M, J&#i X ik
2 &R R R, A AR T A ) B N T
JE R, e KR BRER B 256.35 um (B 8b) 5 4
La A& 0.2%M), X% R 6 X 380k A2 o (8] il
WA M NEY R & S, RN, RS
PR FERRAS, 9 161.37 pm (& 8c) ; AN 0.3% La
(P 8d) B, JEUHIRE AN 220.74 um, JEbT R E
BRSO AT, B AR v R, S B La W ing
BT BUME A F AR B N, i RE T R

Kl 9 AR La W& A & B 75 NaCI-HCI J& il
TRV kS R g 2k Re it 2k . AN 9 T RUK
B, 4 La I INE 0.2%0) & 4 8 il S ) PERe s AR,
JoE MR8 BE Bt o FE AT T S K 26 4305 166 MPa.
239 MPa 1 11.15%, LRI La 73752 11%. 14%
1 34%; 24 La WIS 0.2%0F, A 4 15 5 A Wy
SRR I T s, SR La s, JE
PR 5 E . Be 5 FE AT IS A 2643 iR R 4% 5% A
19%. %5 LRTiR, La Jo R A& S Hmt s il fe H

64%5 pm \
: Stepshape

Fine crack

‘el

A ERW, BN La B BRI fr i vt o 18] S kR
FEREAR, & <25 AT 5 K R 38 s H La iR IN&
9 0.39%IF, &k I JE et iR 2 HH I B B, T M REBE
Z AR

3 HHSItE

i R R AL A 2 B AT, — oW A
WA Lt R G & OREU 58 AR TE & N 4
i, EEIRFUCRMAER, N T&&MEZE, M
Mk B AR R s 55— P A, Mt &
TERR B & DA M B LUK, I M ot 3= = AR ]
W AT, FEORAE EWr,  3wE oRA 2
aApT I8 R RIS 45 AT AL Al-Mg-Si-Mn & 4
WK La FE DR RMAEMIE . & La 78
AR Z NIRRT R T La 5 Al R 1 R~
MZHK, H4E Hume-Rothery BLIIM, La 3k A 5%
W SHRBOR I s AE, FERS N KRG,
H HBEFH R, PRI La JE N dfbs 9 IR IRHE o T s 5 9
JRFHEZIAH X FA L, R T FRAR R G 1 25 A0 BT E B RE
T La MM LA B PR A dn T EREE, TR — P R 1
B, WSRO, i SR R E A, R
&7 ALK ORIEEE, X dm AL ib A o AUR .

RIMAE S e R, VI T R TR ) 5 AR T
HA RS SIRE . 40t b e « (HSEBRCR
IR, JEHT 5 AR R A AR AE T .
HE 351, La o RIS T Al(Fe, Mn)Si fb&
VIR TSR, A3 21 T8 A4 i BRtR 28 —AH AR il G~ i B

.

G

- -

: “4
= i;’*‘\

o

\ Surface peeling~—

7200 pm
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Fig.7 SEM morphologies of bending surface of Al-Mg-Si-Mn alloys with different La contents: (a) 0%, (b) 0.1%, (c) 0.2%, and (d) 0.3%



12

N BEE. W HHINT Al-0.6Mg-0.7Si-0.2Mn V5 ZE A AR A2 i Ji e L A 1) S el

- 4499 -

K8 ANIA La &R B ] JE Dl iy OM R
Fig.8 Intergranular corrosion OM images of profiles with

different La contents: (a) 0%, (b) 0.1%, (c) 0.2%, and

(d) 0.3%
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Fig.9 Mechanical properties curves of profiles with different La

contents after corrosion
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Effect of Rare Earth Lanthanum on Mechanical and Corrosion Properties of
Al-0.6Mg-0.7Si-0.2Mn Automotive Profiles

Sun Wei?, Zhang Yu?, Tong Weiping®, Zhang Hui, Li Pengwei?, Wang Xiangjie, Wu Nan?, Xie Fangliang®
(1. Key Laboratory of Electromagnetic Processing of Materials, Ministry of Education, Northeastern University,
Shenyang 110819, China)

(2. Liaoning Zhongwang Group Co., Ltd, Liaoyang 111003, China)

Abstract: The microstructure, mechanical properties and corrosion resistance of Al-Mg-Si-Mn alloy with different La contents were
studied by SEM, OM, tensile test (normal temperature/high temperature), bending test and intergranular corrosion test, and the effects of
rare earth element La on the mechanical and corrosion properties of the alloy were analyzed. The results show that with the addition of La,
the as-cast microstructure of the alloy is gradually refined, the morphology of the second phase is improved, the thickness of the c oarse
grain zone of the profiles is reduced, and the mechanical properties and corrosion resistance of Al-Mg-Si-Mn alloy are improved. When La
content is 0.2wt%, the grain refinement effect is the best, and the coarse grain zone is the thinnest. When La content is greater than 0.2wt%,
the primary phase formed by excessive La interacts with the grain refiner Ti in the alloy, which reduces the number of heterogeneous
nucleation cores, leads to grain coarsening phenomenon, and degrades the mechanical properties and corrosion resistance of the alloy.

Key words: Al-Mg-Si-Mn alloy; rare earth La; grain refinement; mechanical properties; corrosion resistance
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