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Effects of Mg and Mn element on microstructure and
mechanical properties of Al-Si alloy
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Abstract: By means of optical micrograph and other instruments, the microstructures and shapes of transcocrystallized
Al-Si alloy treated by Mg and Mn complex modifications were studied. The results indicate that the mass coarse and
irregular lath-shaped primary silicon and slim strip eutectic silicon phase are found with the Si content increasing. In
addition, the tensile strength decreases gradually when the Si content increasing. However, the hardness increases. The
primary and eutectic silicon phases are refined when adding 0.9% Mg to Al-20Si alloy, and the mechanical properties are
remarkably improved. SEM and OM results show that 0.9Mg-xMn can effectively refine the primary and eutectic silicon
in alloy. The morphology of primary silicon after modification is transformed from pentalpha and irregular shape to block.
A majority of eutectic silicon is changed from acicular or lamellar morphology to small short rod. By adding 0.9%Mg and
0.5% Mn elements, the tensile strength reaches 210 MPa, which increases by 64% and 37% relative to those of Al-20Si
and Al-20Si-0.9Mg alloys, respectively, and the heat treatment tensile strength reaches 345 MPa, increases by 64%
relative to that of the as-cast alloy.
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Table 1 Composition of experiment alloys

Mass fraction/%

Experiment alloy
Si Mg Nd Mn Al

Al-10Si1 10 - - - Bal.
Al-20Si1 20 - - - Bal.
Al-30Si 30 - - - Bal.
Al-208Si-0.9Mg 20 0.9 - - Bal.
Al-20Si-0.9Mg-0.3Mn 20 0.9 - 0.3  Bal
Al-20Si-0.9Mg-0.5Mn 20 0.9 - 0.5 Bal
Al-20Si-0.9Mg-0.7Mn 20 0.9 - 0.7  Bal

F12EPERER ] WDW—100D %4 1 7 iR B Lk
ATHARE, WE A SR, RS 1
mm/min, 455805 MAFETIME A REREE )T e fill
FENL EDE A G iAm RS, 45 L 6 A mi~PHAME.
S AR ] 0.5%HF (it & 73 BOW R i, 55 n 74
B EWEAE SRS MAR . WnE3HERH
JSM—6700F 14 115553 #1, FH D/Max—2400 6 K
XN AATIAGHAT AT, RH Cu B, HIJK 40KV,
LY 100 mA, FIHGEEA 15 (°)/min, HFTEHY
20°~100°, HALFE T 204 T6 Huab®, HI[E 7+ A T
SACHE, [ 20N 545 CARE 13 h JE /K, BFRE
2N 170 CHERL 8 h .
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Fig. 1 Microstructures of as-cast alloys:
(a) Al-10Si; (b) Al-20Si; (c) Al-30Si;
(d) Al-20Si-0.9Mg; (e) Al-20Si-0.9Mg-
0.3Mn; (f) Al-20Si-0.9Mg-0.5Mn; (g) Al-
20Si-0.9Mg-0.7Mn
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B2 Al-20Si-0.9Mg-xMn & 4 HALFR 5 I B R

Fig. 2 Microstructures of Al-20Si-0.9Mg-xMn alloys after heat treatment: (a) Al-20Si-0.9Mg; (b) Al-20Si-0.9Mg-0.3Mn; (c)

Al1-20Si-0.9Mg-0.5Mn; (d) AL-20Si-0.9Mg-0.7Mn
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Fig. 3 Mechanical properties of experiment alloys: (a) Al-
10Si; (b) Al-20; (c) Al-30Si; (d) Al-20Si-0.9Mg; (e) Al-20Si-
0.9Mg-0.3Mn; (f) Al-20Si-0.9Mg-0.5Mn; (g) Al-20Si-0.9Mg-
0.7Mn
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FIEAE, B Mn FrEpgdt—20n, SEEE N
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Mn F R 0.5%I0, HAbHE 5 PR SR IA 2 T I
(A 345 MPa), FIXHT454 Al-208i-0.9Mg-0.5Mn [1]42
T 64%, EHAKEBEZR ) AL-20Si-0.9Mg(l 256 MPa)
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0.9Mg-0.5Mn [F 852 H7 T LT TES(10%Si f2 30%Si

B4 H&GERh g
Fig. 4 Micrographs of tensile fracture surface of as-cast
alloys: (a) Al-20Si; (b) Al-20Si-0.9Mg; (c) Al-20Si-0.9Mg-
0.5Mn
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5 Al-20Si-0.9Mg-xMn 5 4 HAb B 57 A 11

Fig. 5 Micrographs of tensile fracture surface of Al-20Si-0.9Mg-xMn alloys after heat treatment: (a) Al-20Si-0.9Mg; (b)
Al1-208Si-0.9Mg-0.3Mn; (c) Al-20Si-0.9Mg-0.5Mn; (d) Al-20Si-0.9Mg-0.7Mn
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Fig. 6 XRD pattern of Al-20Si-0.9Mg-0.5Mn alloy
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B 7 Al-20Si-0.9Mg-0.5Mn [{] SEM 1%
Fig. 7 SEM image of Al-20Si-0.9Mg-0.5Mn alloy

Fz2 K7 &R EDS 73 HrE R
Table 2 EDS analysis results of points show in Fig.7

Mole fraction/%
Point
Al Si Mg Mn
A 8.54 89.23 1.03 1.20
B 3491 10.15 50.50 4.44
C 57.88 40.85 0.61 0.66
D 89.59 3.41 1.12 5.88

(1) SEM 1. 45418 7 J2 EDS 43 W14 (W% 2) AT LLE
H, 44 Si#H, B AAF{E Mn JTE E %M Mg,Si M,
C J AL-Si #1, Dl a(ADH.

W0 Mn JCE GO e HgUR 4110 R N &
Mn JRF 534K o AV)ER Ky 37 T7 G5k, A T2 HE N T
) Mg BERS IS a(ADEAAT; [, Mn 5 Al
(SRR AN 2280, 24 Min JR T I EE a(ADFEA SR
SRR ks i AL, AT Mg I 175 a(Al)HEAK
TR . R Mg [ 5E 48 St R AE
T Mg,Si A, WRERL— 4> Si JiF k> T ERERISL
p R, I HAR ) Mg, Si A T )2 ERERTIE
a IR AN, Mn JCERA SRS
SR H AR YT, S e a(ADFEAT H
LR 2 IR ECIRAL S th T8N Mn JCE 5, E5 48
A [ Tk AR SR T AT YR T T o R X, fE R
(R BERAEE T, AR BERIA S A K
242  Mn JUEX PR FEA A )50

454l 8 A EDS 04 (W& 3)WLUEH, &
ARG, R R ESIRARRLR (AL A) T ST
AR, ATRUAE I o SR A s TR A RURDIR(R B)

E8 Al-20Si-0.9Mg-0.5Mn 4 Hib # 5 ) SEM 14
Fig. 8 SEM image of Al-20Si-0.9Mg-0.5Mn alloy after heat

treatment

F3 Kl 8% M EDS /g i
Table 3 EDS analysis results of points shown in Fig.8

Mole fraction/%
Point
Al Si Mg Mn
A 15.81 83.22 0.13 0.83
B 10.07 85.54 2.03 2.36
C 92.86 2.49 3.48 1.17

JHIERE, AT Mg Al Mn g%, fESL i EE Sk
Z A o ADR A K EMIX IR C), il EDS Ji45y
WEH a(AD)+Mg,Si, HEH—E K Mn LR,

TER BT FE T, Mn JCEX Mg, Si [l 1
MR K. 4 Mn S REHEIN, A4 Si Sl
Wb, Mg MRS ER . K, H4EBE, & Mn
FHATAE A Mg, Si AHB HOS AR T AR A1 A% R 35155
LR, AT N Mg,Si A FIAT

TEAMEEFE T, Mn JCEBBWIEEES S KA
REE ZAH A BORDIR & Mn (AR o P50 R I, Mn
B IR D[R] I S BOR O R A AR 1,
REA/NEAT AR S A kb, AT B 2
RECGRECR, s a S mbthiaR g, [N, E4e
(R 7 R AR

R0 Mn JCZ 1) Al-Si-Mg £ 4 s Ak 4 F 3ok
PFLUR 3 /N7 : 27 Mn P5REUHE R AR TR
TR AETHALES, BRAS ESRB 3, AR A
Byt BT TR YIRS KA, (R BELAE P o
IER 56 F, WAL 1 0 g5 40 FAT AR e th A
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Mn SREHB S AT REEE AL-Si-Mg £ 4T s AR
Mg,Si AEIRFEGEREF AT, 206 5 < BAT 32 i
ROBAAE o BRI, 5 M BOGRECH T 2L R 25 44
SEAL MRS H I R AL I AL-Si-Mg-Mn 45 <598 & i
R RN, TG MR A TR A B 45
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ik Mg, Si ), Mn gil/bREAArR Si [ 0 7F ] St &
fe it S it R T BOD A PEREAT T B, B 1)
3(b)FIIEW]IZ —

3 Zig

1) Al-Si &4 FEH a(ADFEAAAR ., FE 5L R4
TR, B Si oM, &4 AR gk
FIAERE R GOR I B 1, G G (b oy i R 5 2
R, ATECREREEMWIE N AL-20Si A4 TR
0.9%Mg J&, &4y RERISE R 19 2 5 3 41
e N ET A T S

2) A1-20Si-0.9Mg 54 A Mn TG 5, HAAN
o )3 B DL IR RUBORDIR VR U AT E o AD) i S
R, WA A K o

3) ZAMA 0.9%Mg F1 0.5%Mn J&, 44
2, LRSS 0T a(ADEEAAT, SErIT
ProRSEILF] 210 MPa, 5 Al-20Si F1 Al-20Si-0.9Mg ]
ST 64%A1 37%. Al-20Si-0.9Mg-0.5Mn Huib B
J5i, PURISREIL S 345 MPa, BEEANIIEE T 64%.
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