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Abstract. Al-Si-Cu-Mg series alloys have excellent strength and toughness, but the presence of Cu-containing hardening
nanoprecipitates greatly affects their corrosion resistance. For this purpose, microstructure observation and electrochemical
analysis of Al-7Si-2Cu-0.6Mg alloys with different Mn alloying additions were carried out to investigate the effect of Mn
addition on the microstructure and corrosion resistance of the alloys under T6 heat treatment. The results indicate that the
increase in Mn addition has almost no effect on the microhardness of the alloy, but a dispersed phase can be observed in
the matrix of the alloys. The corrosion resistance of the alloy tends to increase and then decrease with increasing Mn
content. Compared with the base alloy, the alloy with 0.360 wt. %Mn has the best corrosion resistance, and the corrosion
current density is reduced by 54%. The observation of the corrosion morphology indicates that the addition of Mn can
significantly weaken the pitting corrosion trend of the alloy. The present work provides a new approach for improving the
corrosion resistance of Al-Si-Cu-Mg alloys and extends the application range of these alloys.

Key words: Al-Si-Cu-Mg alloy; Mn content; corrosion resistance; electrochemical analysis

AL-Sig @ HA PR Hrgth e g m EEAa S e, (FB 0 A FET %) A 4 BT

B b A I A, )T N TR VSR AR A, (]
AL-SiE & 9 R, 38 A 208 i Cu Mg i i34
Ry, SR CuFl Mg 32 X it il M 3 Ji A
HIRZ W, 2 fh 300k BIR PR APk (TR Z IR AR T L

I 75 H #5:2023-12-11

BRI T Tl A R S, A 4 Ak T 3K A I N RE
i i 2 $2 5 AL-Si-Cu-Mg & & 1y it il ik g, H i el
BR A A it kot SR Ay S 2 L H— R i Ce |
Y Bré5 5 o0 R 6 ok R s H AR R R S

HE & E: 5 S 9050 % 5 (32115007, 2022RALKFKTO08) 5 7 4H i 3 il 8 58 1 %1 391 H (A ¥ 3 A BF58)(SYG202324)

TEE B A BE 75,2000 4E A AR WRSE 5 O TSR 4

BIWAESE: TR, 1991 44 BIEIE 5. WF 58 07 18] M58 A 4 4 8. Email: dtwang@suda.edu.cn
S| AR BRI , 2 RF, Bon, TR, KNS ES BT, iR, 5540, KIGIH SC Mn 5 416 Al-Si-Cu-Mg & 4 1 (841 21 K it il 1 G AF

FE[T]. #453 Bo A 2024, 45(5): 452-458.

CHENH,LITY,WANGR,WANGDT,ZHANGMH,ZHAO XY, SHIH, CAIW T,NAGAUMI H. Effect of Mn on the microstructure
and corrosion resistance of Al-Si-Cu-Mg alloys[J]. Foundry Technology, 2024, 45(5): 452-458.

(C)1994-2024 China Academic Journal Electronic Publishing House. All rights reserved.  http://www.cnki.net



(B AR )05/2024 B %,%.Mn & 4% Al-Si-Cu-Mg & £ B8 8 R it i 4 a7 55 <453

A ) B 1 DT 2 8 B 4 A ik ) R 5 s
i - TG FR = B M AR e M DA RO 5 R
NN Ak W T N Ze Zn Créf | X 280 3 H A A X
RIS Z L, AT LS & CutAH B 5 -4, A
7 38 By T IR (R 114 2o 38 e U1 MIm ) A A O 3k
BEWICER, HArh 5= AN 5T . R, o0 i ol ik
8 7 — A JE 6 o A R R SR T 1% Bt A JBE x5 5K i
WG 4 koo R ik i 3 & D 2K T Cu (b
Y L LB E=0.34 V), T Mn 4 5 7 L B H #
(Evi’= -1.19 V) F Cufl Al(E\’=—1.66 V)2 [a] , X &
Wk n] g HL A el Bl A B 00 1 D DT 2 e it
P AT 5T 2 B0, Mn/Fe L #8 52. 18 5 23 7 1y
& Mn A, 7 Mn/Fe b 4 3.196F | & MnAf A H 4 B 2
AN UM B 20, S A S rEE, B, A
SCAEAL-7Si-2Cu-0.6Mg & 4 s AN [7] 7% & i Mn ot
# (Mn/Fe=0,2,3,4), #F 7Mn 7 & 4} Al-Si-Cu-Mg-Mn
B 4 SO 235 F RV 1 1 52 ), R AL-Si-Cu-Mg &R &
A B R Pl v SR A R BB YR TR A RN
FHE

1 ZWHBEFIE

1.1 4

WEFE T H & 4 SRRk R 8165 (99.99% , W T4l £
K e PG40 R H or & w3 O I 43 0 4liCu
(99.99%) . £liMg(99.99%) 2 A1-20Si . Al-10Mn H ] 75
& o B A FRHE I E 740 C A BB H sk, 76 4
FEAL 5 830 min, ~730 C B FH 5 4l | S A 4
TSR TR B RF LB ) 2520 min,, i FHTCBA 44
g bR AR R AL-10SeA 4 1 AR TR 7E 3%
BRI . 2405 R B B 7E~690 “C B, 4 Jeis 4% £51]
ARSF 100 mmx200 mmx20 mm 1 7K ¥ 4 452 45
PNEEE, T A A& Bt T ToR Ak B v [ %5 kb 7
TELRE K500 °C B[] K6 h, Bl f5 7E25 C K Hr sk, it
RAL BRI B R 180 °C B[]S 18 WY, 1 & 4 ik 2%
BT

F1ASUERS

Tab.1 Chemical composition of alloy
(mass fraction/%)

Number  Si Cu Mg Fe Mn Sr Al
GO 7.25 210 057  0.12 0.0021 0.0216 Bal.
Gl 7.15 2.15 0.63 0.12 02180 0.0238 Bal.
G2 7.00  2.08 0.56 0.12 03600 0.0177 Bal
G3 6.97 2.12 0.61 0.12 04780 0.0275 Bal.

1.2 WA R KRR B ARE BN
B S SICHD 405 7 5 T B 225 000#, Bl ) fif
FHS50 nm Y Si0, 2 17 i E A7 41l 6 b 31 {6 FH 25 45 4 fE
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Tab.2 EDS analysis of the Al-7Si-2Cu-0.6Mg—0.36Mn

alloy at different positions
(mass fraction%)

Position Al Si Cu Mg Fe Mn
1 62.4 26.7 1.4 - 2.8 6.6
73.5 9.3 1.8 1.5 43 9.7

425 22.0 8.0 273 - 0.2

2
3
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Bl 1 AF Mn & it Al-Si-Cu-Mg & 4:#9 SEM [ . (a) GO; (b) G1; (c) G2; (d) G3
Fig.1 SEM images of Al-Si-Cu-Mg alloys with different Mn contents: (a) GO; (b) G1; (¢) G2; (d) G3

&l 2 G2 &4 EDS & . (a) HHl i BT IEIR 5 (b~d) &l 2a 1 i ¥ 1~3 (%) EDS 45 4
Fig.2 EDS spectra of the G2 alloy: (a) SEM image; (b~d) elemental analysis of spots 1 to 3 shown in (a)
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Fig.3 SEM image of the G3 alloy
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Tab.3 Microhardness of alloys with different Mn contents

Number Mircrohardness(HV)
GO 148.27
Gl 148.18
G2 148.44
G3 148.69

0.002 1%%2 = 510.478% , A 4 1Y hifi £ # 7 148 HV A2
A, HEAR A 25 Bl A Min % i 4 385 in i A H el
AL SRR TR I A M X S 4 1 2R RE LT R
AU
2.3 Mnxd i {14 §9 % i

K442 T A [FMn 7 i 19 Al-Cu-Mg-Mn 6 4 78
3.5%NaC1¥%s W H Y oy HL 7 A A il 26 AR 40 71 i) il
LRALA H B G 1 5 ok L A7 (B o) P JES kL 9 5 FEE ()
BT 3R4, EHE NN, A A7 TR A S L
B 4 J 3k 3 — A Ao i pdeR A I A5 A A7 i ik e
L R i A T R A e T A A ol R R
ok e A7 8 v, AR ) TR ol B R 5 24 A R A S
ol R 57 A 22 N DRCBSE T ol oL AR DN A R A T e
RER AT

4 G587 3.5%NaCl ¥ 0T 2555 48 h 5 19 3 25 B A i 1k
il £&
Fig.4 Nyquist plots of the Al-Si-Cu-Mg alloy exposed to
3.5 wt. %NaCl solution for 48 h
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Tab.4 E,,. and I, values obtained from dynamic
polarization studies

X H &I, B MnEr i M0.002% 34 111 %10.360% ,
G 1) JE o e S (B LT AT A2 4k 8 B MIn ) 8 it
G A T o ) A A B S s AR, T BE S Min Y Y
L, B (EMNT.6 pA/em fEAL 3.5 pA/cm?,
S B P M 5 . Y Min i3S I E0.478% 1,
G0 Lo (E A T 82T BATR T GO Al & 42, Ui W
TN I8 A MnoG 2 T LR 55 4 4 B T i

A2 TE3.5%NaCli ik 12 148 i Nyquist /5]
(KI5 & B, BT A A 4 I Nyquist i 2635 i 7 1 = 48
DX X 24 LS B0, iy AR 3R 5 W/ R )=
ST T e A B2/ AL R AL 8 E Ak X
HLA I AR BR A A ny R iR 2t e, AT
LF i pl I N R T LA B A 4 Mn
SR, RS F AR AR SR IR U N Nyquist&]
JIT JR 7R 1 4 T ok P AR A e 34 5 Bl v 67 A A T R —
0, BOMn & 1 9 35 Il 5 4 ik e R i S R R

&
=

o> B oI o

3000

—=— G0
-Gl

o G2

g 2000F —+—G3

(5]

S

~ 1000F

O L L L L 1
0 1000 2000 3000 4000 5000 6000
Z. /(0 + cm’)
& 5 Al-Si-Cu-Mg & 4 7£ 3.5%NaCl ¥ i 48 h 5 1Y
Nyquist &
Fig.5 Nyquist plots of Al-Si-Cu-Mg alloy exposed in 3.5 wt. %
NaCl solution for 48 h

N T iSRG ST 1 E 61 U
A HEET S R TG . SRR B IS S
RS TS5, WA BB HTTH R R, (B
BH) , R QX2 52 4 Hia BELARITGT 17 1) 54 ST /4 CPE,
R, Qo A% 2 v a7 75 A% v LA X 7 1) 46 41 o€ {4 CPE
fF AR ST CPERA — AT B S 8 n, Ynst
HR0B 1, CPES SRR — A alid PHE A L 25 . 4%

Number E./V T/ (LA - cm?)
GO -0.702 7.6 B A MR IR BHEEA R — 0, Ui At fl v 1)
Gl -0.714 44 A AT DUHEBR WA T8 . 7ENaCIA W I 1148 h
a2 0710 33 J& R B 23 B M 5 09 3 0 e 15 n J5 B AR, 29
= 070 al 7EMn B i H0.360% (1G24 4 1T B0 AL K 1L
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Tab.5 Fitting parameters of the equivalent circuit curve
Alloy RJ(Q-cm?)  Q/(S-s"-cm?) n R/(Q-cm?  Qy/(S-s"cm?) n, Ry/(Q-cm?) X
GO 13.77 3.852x107° 0.865 1853 1.882x10% 0.895 1824 9.84x10*
Gl 13.30 3.337x10° 0.887 2153 1.751x10? 0918 1823 1.091x10?
G2 13.99 3.723x107 0.886 2579 2.039x10° 0.834 2476 1.925x10*
G3 13.74 3.887x107° 0.877 1880 1.233x10° 0.842 2433 1.277x103
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Fig.6 Equivalent circuit of EIS data of Al-Si-Cu-Mg alloy in
simulation experiment
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Fig.7 SEM images of the corrosion surfaces and cross sections of the GO and G2 alloys: (a) surface of GO; (b) cross section of GO;
(c) surface of G2; (d) cross section of G2
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